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And God made the 'beast of the earth according so its kind, 

and mule according to it f kind, 
and even thing that creeps on the earth after its kind: 

and God saw that it w-w good. 

Ami God said. Let us make man in our image, 

according to our likeness: 
and tel (hem have dominion over the fish of the sea, 

and over the birds of the ain 
and over the cattle, and over aii she earth, 
and over every creeping thing that creeps on the earth. 

Genesis 1(25,26 ( KJV > 
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Despite its young age, (he discipline of clinical pharmacol¬ 
ogy has tilled a void in the provision of health care 
The discipline provides guidance to regulatory agencies, 
industry research and development. m4 academic research, 
teachings and service. In practice, clinical pharmacology 
lets improved rational thug therapy by emphasi/mg topics 
such as individual!ration of drug therapy, drug interactions, 
adverse drug reactions, ujk! evidence-bused medicine. Clin¬ 
ical pharmacology continues 10 provide critical input in 
emerging disciplines such as pharmacovigilancc, pharma• 
cogenelies, ami pharmacucconomic^. 

This lest is intended to be the hrst of its kind in the 
veterinary profession: a text that bridges the basic science 
of pharmacology, a drug-based discipline, and the clinical 

science of therapeutics, a disease-bawd discipline. The text. 

limited to small animal medicine. is intended to consolidale 
information generated during the past several decades 
white validating it with cither scientific reports or clinical 

experience. Foremost, the text is intended to lay the (bun- 
daiion for future assimilation and dispersal of knowledge 
in the rapidly growing disciplines of veterinary' clinical 
pharmacology and therapeutics 

As the science of therapeutics* the practice of clinical 
pharmacology requires a knowledge base in the physiohigie 
processes targeted by drugs and the pathophysiologic pn jc■ 
esves they are intended to correct. This approach nv re¬ 
flected in the organization of the book. 

The initial section of the text deals with principles 
of pharmacology. These principles apply throughout and 
include topics such as the role of pharmacokinetics in the 
design of dosing regimens and the impact of patient, dis¬ 
ease, ami drug factors in therapeutic failure of adverse drug 

reactions. As such, this section xhoturki be read prioi u> any 
other chapters. The remainder of the bix>k addresses those 
drugs used to treat or prevent diseases of small animals. 
Drugs that influence multiple body systems <c.g., fluid m 

block! component and drugs that control inflammation or 

pain) arc addressed! in the second sect,on of this text, with 

each chapter dedicated to a drug category. J he third section 
is organized using a body systems approach. The final 

section consist* oJ appendices intended to facilitate rational 
drug use. 

Within each chapter, die clinical pharmacology of each 
drug or drug class is discussed. This requires and thus 
begins with a review of the physiologic processes targeted 
by drugs. Discussion of mechanisms ol actum and pharma¬ 
cologic effects facilitate proper drug select ion: and amteipa- 
lion of adverse reaction*. Mechanisms of resistance are 
included in chapters dial address chemotherapy, The dispo¬ 
sition or pharmacokinetics of drugs provides a has is for 
modifying dosing regimens when necessary to compensate 
foi drug, host, or dixca.se fin:tors thai might alter response 


to I herapy Drug interactions ,a%d adverse drug reactions 
and Ihdi avoidance and treatment are included to minimize 
therapeutic failure. A list of available formulations is pro¬ 
vided in most chapters. 

The discussion of clinical pharmacology is followed by 
a disease-based discussion of therapy with a focus on drug 
use. A review is given of the pathophysiologic features of 
tilt- disease process m it relate* to drug selection Although 
treatment focuses on drugs, adjuvant therapy is also deline¬ 
ated. Means of monitoring response to therapy and alterna¬ 
tive therapies are often provided. Recommended therapies 
are often backed up by reports oi clinical trials. Each 
chapter is supported by a table of dosing regimens. 

References were not originally intended to he included, 
m part because of the Sack of scientihc reports for much 
of the information, However, the discipiine of clinical pte 
macology has rapidly become a state-of-the-art science in 

veterinary medicine, and as such, new information is bang 

generated through scientific reports. 'Thus, reference* have 
been included at the end of each chapter, although each 
list it not exhaustive. 

Phis tn>ok attempts to address most small animal ill- 
nesses in a comprehensive fashion. Emergency and cniical 
therapies are run addressed as a separate chapter; rather. 

selected syndromes that require emergency care are in¬ 
cluded in appropriate chapters. The impact of antimicrobial 

resistance on treat mem of infectious diseases has led to an 

increased awareness of proper umibiotic use and a willing¬ 
ness lo follow proper principles of therapy. Tims, multiple 
chapters address this topic, with one chapter dedicated to 

each of the following: the principles ol antimicrobial ther¬ 
apy. antibacterial drugs, and a predominantly systems ap¬ 
proach in< treatment of bacterial infections. Information that 
directs the selection ol drugs and design ol antimicrobial 

dosing regimens includes a. table of minimum inhibitory 

concentrations, breakpoint concern rations, and peak plasma 

drug concentrations achieved after drug administration. Ad* 

ditiraial chapters each focus on ami fungal. antiprotozoal 
and antiviral therapy, A chapter is also dedicated to disin¬ 
fectant and antiseptic therapy, a topic often neglected when 
considering control of infectious diseases. The central ner¬ 
vous system is addressed in several chapters, including 

anesthetics, chemical restraints, control of pain, ant icon vul 
sum therapy, and drugs that modify behavior, Because 
glucocorticoid therapy is complex, a separate chapter is 
dedicated U> this topic. Chapters that address advancing 
therapies in veterinary medicine include control of pom. 
control of inllammalioiu biological response modi hers, re 
combinam drug therapy and behavior modifying drugs. Fa* 
selected diseases nutritional and '‘nutniccutical products 
may also be addressed. 

Daw n Miittros Bikjtmi , D.V.M 
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The scetlv Ih.n ultimately led to my umimtUittm to Veteri¬ 
nary clinical [duir in atolog \ clearly wen? plan bed during my 
second year veterinary pharmacology course. I can still 
envision my mentor. Dr. William Jenkins, presenting his 
favorite drugs a here were many) in a manner that not 
only made sense but faciT rated my understanding of the 

pathophysiologic aspects of disease I have been fortunate 
not only to have been mentored by a truly gifted individual 

but also to be able to publicly express my gratitude to him 
through the fruits of his labor, this textbook Gratitude is 
offered not only for his excellence as a teacher but also for 
his gentle, persistent, and wise mentoring. Mv enjoyment 

of interna! medicine was the determining role in my com 
mitmenr to clinical pharmacology Without the superb clini¬ 
cal expertise and guidance of the small animal clinical 
faculiy at both Vuffurn University (especially Drs Ralph 
Henderson* Ray Dillon, Guy Pklgcon and Charles Knethi) 
ami Texas A&M University, I would not have grasped the 
intricate relationship between the pathophysiologic aspects 
of diseases and the rational use of drugs. 

The contributors lo this book met ink those individuals 


whose prior and current efforts have generated scientific 

dam supporting drug therapy in small animals. These in¬ 
clude Dr. Lloyd Davis, generally recognized as the "'fa¬ 
lter" of clinical pharmacology, and the charier members of 
the American College of Veterinary Clinical Pharmacology 
(At VCP). Drs, Arthur Aronson, William Jenkins* Torn 
Powers, anti Charles Short fof Louisiana State University h 
Their foresight preceded the formation at kCVC P by over 
a decade, and the veterinary literature is replete with their 

contribution- to the discipline. Their work continues 
through the efforts of my peers, veterinary clinical pharma¬ 
cologists who currently hold potdltor.s m academia, indu*■ 
try. regulatory agencies, and private practice. The informa 
tion in this lext is largely drawn from the data generated 
by each of ihese individuals, either directly or in collabora¬ 
tion with others. 


Acknowledgments would he incomplete without revt>g- 
nition of those radix idttah who provided relief in my work 
environment, id lowing redirection of my efforts toward this 

text. Tins includes Drs. Sarah Jones and Albert Hocvkh, 
and their predecessor. Dr Kanina Mcalcy inow adiplomate 
of AC VCP and ACVIMJ. who us clinical pharmacology 
resident not only shared my workload but more 

importantly offered new perspectives on the therapeutic 

manage mem of small animal diseases. Thanks also to Dr. 

Glen Lainc, the current bead of our department, who main¬ 
tains high standards while encouraging his faculty to pursue 
activities that facilitate the application of research to the 

teaching and service aspects of our profession, Dr, Debbie 
Kochevar and Dr. Gordon Brumbaugh, also diplomats* 
of AC VCP. have been and continue :<» be m enjoyable, 
knowledgeable sounding board for topics addressed in this 
text as. well as for concepts related to the teaching of 
cl i nical pharmacology, 

Several authors were kind enough 10 contribute to tins 
lext in their area of expertise, ic„ fluid therapy (Dr Mike 

Willardl. antiprotozoal and parasiticides (Dr. Randy Lynn), 
reproductive therapy (Dr Janice Cains, immunomodularory 

therapy (Dr. Steve Kruih), recombinant product therapy 
(Dr, Debbie Kochevan, anesthetics (Dr. Elizabeth Mar¬ 
tinez). skeletal muscle relax ants iDr. Elizabeth Martinez 

and Dr Katrina Mcalcy). and treatment of renal dtsca.se 
(Dr. India Lane), The staff members at W.B, Saunders are 
to be recognized for their patience when encountering 
the inevitable delays in manuscript submission, for tlie 

frustrations that no doubt were encountered while mterpire- 

ting my corrections, and for their efficient guidance in die 

completion of this project. 

Finally and foremost, without the enctHiragemem, help, 
and support provided by my husband, Harey W. Boothe Ji,. 
my father, H. Lewis Mertf>n T and parents-in-law, Harry W. 
Boothe and Alberta Boothe, this text would remain the idea 
it has always been rather than the reality it has become To 

all, 1 am moM grateful. 









NOTICE 

Veterinary Medicine is an. e%er-changing field. Standard safety precautions must 
be followed. but as new research and clinical experience broaden our knowledge. 

changes in treatment and drug therapy may become necessary or appropriate. 
Readers are advised to check the nxwt current product information provided by 
the manufacturer of each drag to be administered to verify the recommended dose* 

the method and duration of administration, and the contraindications, It is the 

responsibility of the treating veterinarian, re;>:ng on experience and the knowledge 
of the animal, to determine dosages and the best treatment for the animal. Neither 
the publisher nor the editor assumes any responsibility for any injury antlfov 
damage to animals or properly arising from this publication. 

The Publisher 
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Dos* 
nflervi 


Accumulation 


DOSE-RESPONSE RELATIONSHIP 

T 7 k intern of drug therapy is lo induce a desired pharmaco¬ 
logic response for 3 sufficiently tong period of time while 
avoiding advert: drug rations. Two types of adverse drug 
reactions, referred 10 us types A at>d fl P can follow' drug 

administration (Griffin* 1979; Lawson. 1982; Klassan. 

I98>), Type \ drug reactions commonly reflect plasma 
drug concernralions thai have exceeded the therapeutic 

range and entered the toxic range. Thus, these- reactions .ire 
often manifested at an exaggerated but otherwise normal 
pharmacologic response to a drug. In contrast to type A 
reactions. type 13 adverse drug reactions arc nut related lo 
the expected pharmacologic effect of die drug. They Eire 
unpredictable, not dose dependent, and are thu difficult to 
avoid l or most drugs, ihc magnitude of pharmacologic 
response is proportionately related to the (log of) drug 
concentration at the tissue <receptor! sue (Fig. 1-1 h Be¬ 
cause tissue samples cannot he collected easily drug con¬ 
centrations at die tissue site are approximated by measuring 
plasma drug concentrations tl J DCs). The thtmfuunc range 
provides a target for the Awing regimen. It consists of a 
minimum effective PDC ((rough or C™). below which 
therapeutic failure is likely to occur; and a maximum 


Toxic 



Maximum effective OoncsntFatKXi 



S ibUierapoubc 


Doss 

Flfufl 1-1. Hie relanc'flship , -i ■ kip pliMiu livtuc tlrup . r... ■■ u 1 

I ■ aaJ J(Jw: ^nil FC?$PQfl*£ O ^JPKJfUll} n * ,i 


effective PDC (peak or C above which a type A ad¬ 
verse reaction (see Chapter 3) is more likelv to ocettt (see 
Fig. 1-1) iRitschcl. m2: Rolling 1989), 

Fixed dosing regimens are composed of a dose te.g., 
mg/kg) and an interval (e.g.., every 8 hours) for each route. 
The dose of the regimen should result in 3 PDC that is in 
the therapeutic range and Mays in the range throughout 
most of the dosing interval. Thus, targeted, peak PDCs 
often approximate bui do not exceed whereas trough 
concentrations approx i male but generally do not drop be¬ 
low It is important 10 recognize that a therapeutic 

range is a population statistic, Each animal will respond 
(therapeutically 01 adversely) ai a different point in the 

range. Most animals will respond at some PDC within the 
range, hut a small percentage will respond above or below 

the range Therapeutic drag monitoring (see Chapter 4) is 

used to establish where in the therapeutic range the individ¬ 
ual animal will respond. 

The relationship between the dose of drug administered 

and the PDC achieved after drug administration is complex. 
Likewise, the determinants of dosing interval, or the lime 
that can elapse before PDC drops below art also 
complex. Type A adverse reactions should he anticipated 
when doses are anecdotal rather than based on scientific, 
controlled studies. Yet, Aug therapy may fail even if the 
recommended Hxed dosing regimen is bused on scientific 
data because the population samples from which inferences 
about llic patient Eire based tend u> be healthy and small in 
smmber. The likelihood of therapeutic: success is increased 
if individualization of drug therapy for the patient is based 
on (he principles of clinical pharmaculpgy, that ix. the 
study of drugs I Beal, 1984) and their behavior (disposition) 
(Baggett, 1977) in animals. 



Drug Movement 


Plasma Drug Concentration Versus Time < urn- 

After administration of a tixed dove of it drag, several drug 

movements act in conceit to determine PDC (Ritsehd, 

1992; Rollins. 1989; Baggott 1977. \0L1ri, 1987) I ip. 




Introducumi Ur [>ni£ Use in Small Animals 


1-2 1 . Tbc\c movements largely, but not exclusively, depend 

on passive: diffusion of the drug and include absorption (A) 
I mm the site of administration to systemic circulation, 
defined as the major vessels anti we 11 -perfused organs; 

distribution (Dj of the drug from systemic circulation to 

tissues I target and nontargetl and back again; and elimina¬ 
tion of the drug from the body by metabolism and 
excrelion tE). These drug movements are dynamic, oc¬ 
curring simultaneously, and their net effects determine PDC 
at am lime during Thu dosing interval following administra¬ 
tion of a fixed dose. 

The movements of drug through the body are character¬ 
ized by plotting drug concentrations measured after admin¬ 
istration of a known dose against time on semi logarithmic 
paper tKitschel, 1992; Rowland, 1989; Notari, l9K7)iFig. 
1-3), The PDC versus time curve is linearized on semi loga¬ 
rithmic paper if it follows first-order kinetics, that is, a 
constant fraction rather than a constant amount of drug 
moves (is absorbed, distritwited, or excreted) per unit time 
(see Fig, I 3). A single component of the line (i.e.« only 
one slope or rate) infers that only one drug movement is 
responsible for the change m drug concentration over time. 
For example. Figure I-3A might represent the time course 
of a drug whose distribution is either limited to plasma or 
occurs to peripheral tissues instantaneously. Die change in 

PDC for such a drug reflects elimination from the body 
{that is, hepatic or renal excretion). Drug movement in 

such instances is only excretion as a one-compartment open 


(meaning drug can move into or out 


compartments i 


mi Kiel. Figure I-3B might reflect a drug whose concentra¬ 
tion initially declines due to two drag movements; distribu¬ 
tion into land back from) tissues and/or excretion from the 
body. Once distribution equilibrium reaches steady slate for 
such drugs, the rate of decline in PDC changes (decreases) 
because excretion from the body is the sole movement. 
'Phis change in the rate of decline is manifested as a new. 


less steep slope indicative of less drug leaving the blood. 
Drug movement for such drugs is characterized as a Iwn- 

cornpartment open model (Noiari, 1987; RjtschcU 1992; 
Rowland, I9R9). To distinguish the rate of each movement 
from the rates of other movements, each slope must be 
identihed from the curve. Generally, computer-generated 
programs first '‘strip" and then "best fit" the curve urine 


the curve using 


linear regression to determine the equation that he^t de¬ 
scribes each component of the Lime versus PDC relation¬ 
ship. Intravenous (IV) drug administration yields a PDC 
versus time curve that begins with the highest PDC (see 
Fig. I ,v\ and B), If a drug is given parenterally fc.g,, 
orally, intramuscularly, subcutaneously), a third movement 

influencing FIX’ versus time curve must be considered as 

the drug is absorbed from the site of administration (see 


Fig. 1-3B, plot C; non- 


. Absorption ^ indicated 


an 


iniiial increase in PDC. Distribution is often "masked" by 
the absorptive phase of drag movement such that elimina¬ 
tion reflects excretion only. The rate of each drug move¬ 
ment (absorption, distribution, or elimination) is described 
by the respective slope of the line or component that 
comprises the movement. It is important to realize, how¬ 
ever, that the application of a drug movement to a compo¬ 
nent of the curve is theoretical and may not actually reflect 
whui occurs in the body. Among live more important param¬ 
eters derived from pharmacokinetic analysis is the area 
under the concentration curve (AUC), This,, in turn, is 

used to calculate several other pharmacokinetic parameters; 
clinically, il is useful for determining response to antimicro¬ 
bials (Sc hen tag 1991, Marline/ I99 K;i). Area under the 
curve can be derived in several ways. The most common 
method is calculating it by dividing the Y intercept by 

the slope of the respective component. Thus, for a one- 


compaitmem model AUC 


A/a; for a two-compartment 


model, AUC’ 


A/a 4- B/fi, and so on (see Fig. 1-3). 


Ibis method requires lhai the data of the FIX’ versus time 
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Figure 1-2, The dacnnaivMa of ptiivcna drug ivmx ti um m 
I.AUML’ mt hi count lolk^ing udnunHtnLK» ml jl lived diw. 
The drap must first he absorbed. itilt. 1 commonly from the 
intcsitnal natt Orally aJininistefud drug passe* through ihe liver 
hrrVine itik.hing systemic ciruIihIha mat Htnwm Once in circula* 
non. drug EK.it KhjikJ to plasma pi4cin* dree drugi »s diarihuicd 
into ti^Nun. where ti aui he bostrhl to tissue* or he diwihaled 

hack m ciiculmun. HJimmaum ut the drug I turn i he body occurs 
hy hi fuiiL m€(*hn|i&m and nr biliary excreimn. of the ilrug 
(jr tb mrtalwiim Excreted dtui>% tan he passively reabHHbed by 
(he khlnct following esterofae panic cimilitiuD itufci. i Redrawn 
from Kltingcr SJ, Feldman £F |edi|: Texlbooi i rf Veterinary Intef- 

iuI Medicine. Slh ed. p 294. PhiUlelp.hu W B Saundcrv Com 
paay, 3000, t 
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Figure 1-1 PIuau drew cmcuuijLhul |PDC| versa* time curve*. A , Follow inf IV aduiLm*iTj[iiw. a Jul tlut tits a isoe-eump^nuKni itperi model ptin* 
a striujitit line on ncrai logarithmic paper. There is no tlomhul inn phase, and ihc volume (jf dointmlhin is based on HIX txlrapphilcd {drttrd hturf 
back to time zero The equation tor this ■single componeni curve ymujUI be C t = C,,e 41 ^hene is the plasma Jnijj concernr ji n n ai any imw and 
l and k aie the eLimifuiiivHi rile cons lam t 4npc) of ihc curse S. Follow \ ng IV ;id ini n i q rci in »n. a drag eharavlcnietl by divlrthulion into peripheral [issues 
central Is results m it lea si two components or phases when plotted t*i semilngarithnup paper. 'The PtX’ declines m (he lira pha» owing to bnrh 
disinhutum into tissues and elimination icxcreiitHii from the body Once a distrihuliun equilibrium has been re*bed. PDC dev]me is only caused by 

eli miTiJlKin isectmd ptusC Of com pn mm I n| the curve I The Iwo phases can he separated by Stripping, most ellevuvely acesunplishesl b\ tiftCsT frgfeHUWi 

The first istripped art*I suKseqijenilj riEiedi cmnpimeni of due curse represents distribution and the ilnpc iui is (he distribution rale etmsiant. The Vd for 
such a dnif is based on PIX' iitier dislrihulnm. usually deiemuned by extra |*.ilating (dinted /inr) (he terminal nr eliminstion phase of (he PIX veraii 
lime curve i H on plot !1>. The slope of the second phase ol' the curve is the elmnnation rate constant ■ sp or k. i. The equation hr the curve represented 
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curve he "fit" or forced into a model (e.g.. one compart¬ 
ment. (wo compartment'sj r If the model does not lit the 
data very well, the pharmacokinetic parameters derived 
from the model do not accurately represent Ihc data. An 
alternative method for calculating AUC Is based on the 
trapezoidal method (Gihuldi, 19K2, 1985). For this method, 
a seizure of trapezoids is calculated based on each lime 

point ITie trapezoids sire added together (o determine AU( 
From this noncom part men till me l hod, other mode 1- indepen¬ 
dent parameters (e.g., mean resident time) can he calculated 

(Martinez, 199Kb). The advantage of such methods is that 

data are not forced to fit a model, which may minimize 
error introduced by data manipulation. 

Mechanisms of Drug; Movement 

Each drug movement land thus each slope of the PDC 
versus time curve) is affected by a number of physiologic 
factors, the most important being the rale and extent of 
passive diffusion. Lipid soluhilny, molecular weight, and 
drug pK* (a measure of strength of an acid) are emportant 

detenfiiuiuil* of ihe rate and extenl ol passive diffusion 

They are characteristic of the chemical structure of the 
drug and thus cannot be easily altered (RitscheL 1992; 
Rowland. 1989 k The concentration gradient of non don i zed 
drug across the site of drug movement is one of the most 
important determinants of passive drag diffusion, and this 
can be manipulated to some degree. The easiest way to 
increase passive drug movement is simply to increase the 
dose, which in turn increases the concentration gradient. 
Not all of the drug may, howev er, be diffusible, 

A drug must be dissolved in order to passively diffuse. 
Passive diffusion occurs independent of any mechanism 


and leijuires no energy. Drug molecules simply move from 
an area of high drug concentration to one that is lower, 
w ith the rate of movement proportional to ihe concentration 
gradient of diffusible drug. Equilibrium is reached when 
the amount of drug moving from one area equals the 
amount moving in the opposite direction, lfte concentration 
of diffusible drug also w ill be equal in each area. Although 
a drug mac he present both in its ionized (charged) and 
an-ionized state, according to the pH partition therapy 
(based on the Henderson-Hassetbakh equation), generally 
onlv the un ionized drug is diffusible. Thus, drugs that are 
weak bases (c.g., alkyl or phen> lalkylamines, pyridines. 
quinolines, imidazoles, piperidines, indoles, and pheinuhi- 
azincs) are ionized more in an acidic environment and thus 
are less diffusible compared to the same drug in an alkaline 

environment. The opposite is true of weak acids te.g., 
carboxylic acids, sulfonamides, imides. phenols). Thus, 
weak acids are more likely to move passively when sur¬ 
rounded by j n acidic environment (that is, weak acids are 
more likely than weak bases to be absorbed from the 
gastrointestinal tract and to be excreted rather ih;in pas- 

sivdy resorbed in an alkaline urine) (Nolan, !9H7k In its 
ionized form, a drug cannot traverse lipid membrane* and 

will essentially be "trapped" in die environment. A drug 
is generally ionized when surrounded by an environmental 

pH that is more than 2 pH units greater than its pK if it is 
a weak acid or 2 pH units less Chari its ply, if it is a weak 
base. Thus, as weak bases, orally administered aminoglyco¬ 
sides (pK* 9 to 10) are predominantly ionized and trapped 
in the acidic environment ot (lie gastrointestinal tract. Ab¬ 
sorption is thus minimized. In contrast, as weak acids, ihc 

(3-lacuim antibiotics k.g. T amoxicillin or cephalothtn) are 

sufliciently un ionized that they are well absorbed orally. 
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In urine with an acidic pH, amboglyateades will he ionized 
and will nor easily penetrate bacteria but will be rapidly 
eliminated. p-Laciams, will, however be unionized, and 

as such they will not only penetrate bacteria more easily 
but they will also be passively reabsorbed from the renal 

tubular lumen and hence "recycled" before being excreted 

jn ihc urine, {fiber bosi determinants of passive diffusion 

include thickness of the membrane to be traversed tie,, 

edematous compared with normal tissues l. surface area 
(e.g., small intestine vs. stomach), and temperature. As 
determinants of passive diffusion change in a patient so 
will drug movement 

Passive diffusion is not the only method by which drugs 
move. All drugs move to some degree b> hulk flow, that 
as, they move with the re^t of the constituents in plasma or 
unne Glomerular filtration of a drug is an example of bulk 
How. Active transport is a less common method of drug 
move menu perhaps he-4 exemplified by active secretion of 
drugs by renal tubular cells. Other examples of active drug 
transport include concentration of iodide by the thyroid 
gland; oral absorption of some {J-lactams, and bacterial 
uptake of aminoglycosides. Pinocylosis is a rare drug 

movement exemplified by the uptake of vitamin in the 
ileum and amiring]ycosides by renal tubular cells. Finally, 
facilitated diffusion occurs for some drugs. 


Determinants of Drug Disposition 


Absorption 

Most orally administered drugs reach systemic circulation 

after absorption from the small intestine. The rate and 
extent of drug absorption in the gastrointestinal tract de¬ 
pend on a number of host factor*, most of which affect 
passive diffusion (Fig 1-4) (Notari* 1987), These include 
gastrointestinal pH, which favors absorption of weak acids; 
surface area, which favors absorption in the small intestine 
compared with the stomach; motility, which mixes the 


drug, thus increasing the concent rat ion of diffusible drug 
at the site of movement; permeability and thickness of 
the mucosal epithelium; and intestinal blood flow, which 

maintains the concent ration gradient across the mucosal 
epithelium. The latter factor is important only for drugs 

capable of rapid transfer across the epilhelium. 

The percentage of an administered dose that reaches 
systemic circulation is referred to as bioavaiiahitity iFl 
(Rilxchel, 1992; Rowland. 19H9; Notari, 1987), Bioasail- 
ability is determined by measuring the area under a PDC 
versus time curve (AUC) after non-lV administration (see 
shaded area of plot C in Fig. 1-3) and comparing this 
number with the ATC measured after IV administration of 
the same dose {see Fig. 1-3), If ihe AUC for both curses 
ire equal, hnnosy lability is HXt'r (F = I >. Bioavailalulily 
is used to predict drug efficacy after different routes of 
administration or administration of different formulations 

of Ihe same drug, Bioavailability can only be determined 
after IV administration of a drug. The relative bioavailabili¬ 
ties of two different preparations of ihe same drug can, 

however, he evaluated by comparing the AUC of the two 

curves. 

The factors lhat determine absorption of a drag also 
determine ns bioaval lability. In addition to the factors pre¬ 
viously discussed, bioavailability of an orally administered 

drug is decreased if the drug is metabolized by intestinal 
epithelial cells or microbes or by the liver. Hepatic metabo¬ 
lism can profoundly affect the FIX’ of an orally adminis¬ 
tered drug. After gastrointestinal absorption, drugs enter 

the portal vein and then the liver (Fig, 1-5). Thus, an orally 
administered drug is exposed to hepuiucyies before it enters 
the systemic circulation. Drugs characterized by a high 

hepatic extraction ratio (>7Q%| arc almost completely re¬ 
moved from the blood by heputoeyles during the first 
passage of blood through the liver, As a result, after oral 

administration, the drag may not reach systemic circulation 
in concentrations sufficiently high to cause a pharmaco¬ 
logic response. Despite good to excel lent oral absorption, 
such drugs are characterized by poor hioavailabilitv and 
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lire ,klminisicied either parenle rally or in oral doseg 
enough lo compensate for first-pass metabolism by die 
liver. Examples of drugs that undergo significant first-pass 

metabolism include selected cardiac drugs (e,g., proprano¬ 
lol, diltiozem in some species, hydralazine, nitroglycerin), 
diazepam, and opioid aitalgesics. The negative effects of 

first-pass metabolism on pharmacologic response may he 
reduced if the drug metabolites jc g,, propranolol and diaz¬ 
epam) are also pharmacologically active. 

Obv iously; the greater the extern of absorption of a drug, 
the greater the amici paled pharmacologic response to the 
drug, li is important to note, however, that pharmacologic 
response may vary even if hioavailabilities are equal be¬ 
cause of differences in bioequi valence, A drug whose rate 

of absorption it slower may be completely absorbed (Lc.* 
hioav liability is 1 (XKv). hut the PDC may not reach Ihe 
same magnitude or peak as another preparation or route, 
[or example, although a drug may he completely absorbed 

from a slow 1 -release preparation l e g , slow-release theoph¬ 
ylline oral preparations or repositaJ forms of intramuscular 

or subcutaneous penicillin preparations), u therapeutic con- 
cent ration may never be reached because absorption occurs 
very slowly. The absorption nnc constant. k 4 , of a drug is 
the slope of the upswing of the PDC versus time curve 
after non-IV drug administration (see Fig. 1-3). Absorption 
half-life, derived from the k„ is a clinically useful paramc- 
ter that indicates the time necessary for 50 r f of a drug to 
he absorbed. At three drug absorption half-lives. 87.591 of 
a drug has been absorbed. Note that drug excretion begins 

as soon as drug is absorbed and distributed in organs ot 
excretion For noncompartment a I models that describe the 


pharmacokinetics of a drug, the mean absorption time 
(MAT) is likely to be the parameter reported for assessing 
drug absorption from the vile of administration. 


Distribution 



Once a drug reaches ihe systemic circulation, it may be 
distributed from the ccnual (blood) compartment to periph¬ 
eral tissues, including the site of drug action. The major 
factors that determine drug distribution to and from tissues 
include the lipid solubility of the drug and its ability to 
penetrate cell membranes; the degree to which the drug is 
hound to plasma or tissue proteins; anti regional (organ* 
blood flow. 

The amount of tissue to which a drug is 
often estimated by the rot unit' of dinriburion (V d) nj the 
drug, directly influences PDC CRitschd, (¥92; Rowland. 

1989), This theoretical volume is 
drug would have to be distributed (or the volume that 
would dilute Ihe drag} if it wene present throughout the 
body in the same concentration as that measured in the 
plasma. This parameter can he exemplified by adding 5 g 
of dextrose (the dose) to two beakers, each containing a 
different but unknown volume of water. Assume lhat the 
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dextrose is allowed to distribute equally ireach equilibrium» 
in each beaker The concentration of dextrose after equilib¬ 
rium has been reached in beaker A is 59f (5(1 mg/tnL or 5 
g/HH) mL), while the concentration in beaker B is 2*5 *S (25 
mg/ml. or 25 g/UM) mL). The volume of water contained in 
beaker A (its Vd) must be 100 tnL while that m beaker K 
is 200 mL. I'he Vd for a drug in an animal is measured 
in a similar manner: a known amount (dose) of drug is 
administered intravenously to ensure that all drug reaches 
systemic circulation (Le., F = 100 %), The maximum 
PDC is determined after (distribution i equilibrium has been 
reached but before excretion has begun. Because the PDC 
cannot be measured immediately at lime 0 (and thus before 
some excretion), the PDC' at lime D is often based on 
extrapolation of the PDC curve back to time 0 for drugs 

whose decline in PI>C is described by one drug mov ement. 

The maximum concentration in such instances is referred 
to as C n (see Fig 1-3) (Ritschel, 1992; Rowland, 1989). 
The Vd of a drug then can he calculated: 


Vd — Dose/Ci, 


For drugs that follow a two of more compartment model. 
Vd is calculated from PDCs after distribution equilibrium 

is complete (R; Fig. 1-3, plol Bt, which is, in turn, deter¬ 
mined by extrapolating the terminal component of the FIX! 
versus lime curve lo the y axis. Alternatively, the volume 
of distribution al steady slate (Vd*J can he calculated w ith 
models that are noncompammental Note ihal Vd can be 
determined only alter IV administration because that is the 
only route by which |(M)%ot the administered dose reaches 
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suinally scientific articles or drug package inserts report 

Vd, (Vd at steady stateVF or Vd/F. These values arc of 
little clinical or scientific relevance unices die biovailabilhy 
of the product or compound in question is known for the 
route being reported If fiioavailability is 101KF, then Vd = 


Vd/F If F is less than I K) f r lor <h then Vd will be 
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increased proportionate I); Because dim* is generally in 

milligram* per kilogram and C tt is generally milligrams per 
milliliter (tile >amc as grains per liter), Vd is generally 
reported as liters per kilogram. 

The FIX’s after administration of a fined dose vary 

inversely with Vd. Vo I u m e o f d i s rr i hut ion d i ffe r e n ccs 

among species and ages (pediatric vs. geriatric i can dramat¬ 
ically affect PDC after administration of a know n dose In 
addition, diseases associated with fluid retention or obesity 
are likely so increase the Vd of many drugs (and thus 

decrease PDC' >. whereas dehydration or weight loss is 

likely to decrease Vd and thus increase PDC. For example, 
it" a patient were to receive intensive fluid therapy, the 

Vd of the patusot might increase dramatically, causing a 
subsequent decrease in PDC Volume of distribution also 
influences elimination half-life (Fig l-fil. 

Drag binding to proteins affects several determinants of 
drug movement, but particularly distribution (Craig. 1989) 
Lind thus Vd Weakly acidic drugs tend to bind to albumin, 

whereas weakly basic drugs lend no bind to a t -glycopro- 

tein\ Belpaiic, 1987). Mans drugs are also bound to tissue 

proteins Proteins art water soluble and much larger than 
the drug. Plasma protein binding renders a drug more water 
soluble, thui facilitating its movement in circulation. The 

pniteiti-bouml drug cannot, however, be distributed fnrni 

plasma into tissues or from tissues hack to plasma. In 

addition, the protein-bound drag is not pharmacologically 

active, cannot be renally excreted, and. for many drags, is 
more slowly metabolized by the liver. Drags that are highly 
protein bound (>80% ■ may be more likely to be involved 
in adverse reactions early in the dosing regimen because 
displacement of only a small proportion of drug from the 
protein (i.e., due to competition with other protein-bound 
drugs or to hypnaJbuirrinemia) can increase the total 
amount of free, active drug (Fig. 1-7) (RitscheJ, 1997. 
R i > w I m i d, 19 K 9 j. l-or e k a r it p I e. dispbeen re it t of nriK 1 4 .5 o f 

a drug that is 99'ip protein bound te.g,, nonsteroidal anti 

inflammatoric s) can double the conccntrafion of pharmaco¬ 
logically active drug Clearance of these drugs often in¬ 


creases (see later discussion), however, and PDC eventually 
returns to normal ai a new equilibrium is reached- Di.fr 

placement from plasma proteins also increases Vd because 
the drug is more likely to enter tissues when freed. Because 
the drag is removed from the organs of elimination, the 
half-life of the drag also is likely to increase. 

Highly protein-bound drugs do not distribute into tissues 
bin remain in systemic circulation. Because the Vd oi 

hound drag i* small, such drags may distribute lo thdr 
total volume almost iitsianianeomly. The PDC versus time 

line might present m & single-component, or a one com¬ 
partment. open model (open because drag leaves the sys¬ 
tem: because the decline in PDC reflects only excretion 

from the body, The Vd of drags that .are highly (>80%) 

bound lo plasma proteins (e.g., albumin or «-glycoproteins! 

tends to be small (i.e.. <0 1 L/kg), reflecting the plasma 
central compartment, which is about 1% of body weight. 
Note, however, that the Vd of the unbound portion of drag 
can be very high, depending on drag chemistry and tissue 
accumulation of the drag. 

If a permeable membrane di v ided the beakers used 
to exemplify Vd into two comportments, distribution of the 
dextrose throughout each beaker would have taken Longer 
Drug concentrations in she beaker could not have been. 

measured until a distribution equilibrium had teen reached 
(i.e,, the amount of drag passing through cither side of the 

membrane was equal). The membrane may have not al¬ 
lowed equal distribution of the drug. Thus, both rate jnd 

extent of distribution could have teen altered. The same 
scenario exists In an animal, but the sc mi permeable mem¬ 
brane is complex and may result in multiple comportments,. 
For example, drags that distribute to extracellular fluid 
(FCF) or to intracellular fluid (ICF; i.e.. total body water 
[TBWj) generally take progressively longer to reach equi¬ 
librium. The PDC versus lime line of such drugs may 
present as two components o* js a two-compartment open 
model (see Fig, !■ 3), The first component of the line 
declines due to both excretion and distribution; the second 
component declines due to excretion alone because a distri 
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button equilibrium has been reached fi e., drug distributing 

from tissues into circulation equals drug distributing from 

circulation into (is&ues). 

The rate at which a drug is distributed to tissues can be 

scientifically represented by the slope of the initial compo¬ 
nent or phase of the PDC versus time line following IV 
administration (Fig. I-.L plot B). The excretion component 
of a two-coi npartment model must first he mathematically 
“stripped" or subtracted before the distribution slope or 
rate constant (often referred ten as ot) can he determined 
(see Fig. 1-A plot B}. The distribution half-life, derived 
from the first component of a luted curve, measures the 
time necessary for 5(1'f of distribution to be completed and 

offers a means for estimating the time that must elapse 

before drug distribution to tissues is complete and has 





1982, 1985; Martinez, 
1998cl Clinically, this parameter becomes important be¬ 
cause will not he achieved in tissues until distribution 


has reached an equilibrium If PDCs are being monitored 
in a patient, blood samples for peak drug concentrations 
should not he collected until distribution lias reached an 


equilibrium. For many drugs, both absorption and distribu¬ 
tion are complete within 1 to 2 hours after administration. 
If a drug is given orally, intramuscularly, or subcutaneously, 
the graphical representation of distribution may he ' hid¬ 
den* in the absorptive phase of drug movement. 

Water-soluble drugs tend to be distributed to ECF and 
thus are often characterized by a Vd of 0.1 to (O LAg. 
Lipid-soluhie drugs may cross cell membranes arid thus 
distribute to ECF plus ICF (i,e„ TRW); such drugs gener¬ 
ally have a larger volume of distribution (>0,6 L/kg). 

Regardless of solubility (water or lipid), drugs that are not 

hound to plasma proteins arc able to pass unimpeded 


through the fenestrated capillaries into extracellular fluid. 
At distribution equilibrium, drug concentrations in ECF arc 

in equilibrium with that in plasma. The capillaries of se¬ 
lected organs, including the brain, cerebral spinal Hu id. 

eye, testis. and prostate, are not. however* fenestrated (Ber- 

gan, 1981; Le Frock. 1984), and drugs must difluse through 
the capillary endothelium in order to penetrate the target 
tissue. For treatment of such organs, lipid-soluble drugs are 
more likely to penetrate the endothelial barrier, 

Drugs that are hound to tissues may take even longer to 
reach distribution equilibrium, and the PDC versus time 
curves may be composed of three or more components. 
The Vd of such a drug (e.g., digovin in cardiac tissue and 
aminogly cosides in renal tubular cells) is often greater than 

2 L/kg, which is greater than TBW. Although Vd is a 
useful parameter with which to predict the magnitude of 
distribution of a drug, it is only theoretical and does not 
confirm where (i.e,* ECF, ICF + TBW, or binding to tissues) 
the drug has distributed. 

The ability of a drug to penetrate cell membranes is an 
important consideration when therapeutic success depends 
on reaching mtraeclluar sites. Many bacterial infections are 


intracellular, and antibiotic selection might be based on 

drugs capable of reaching intracellular sites. For example, 
doxy eye line rather than tetracycline may be the preferred 


treatment 



MetabeHKin 

The rale at which a drug is excreted from the body is the 

final determinant of PDC Most drugs are eliminated by 

hepatic metabolism, renal excretion, or both (Ritscbel, 
1992; Rowland, 1989 k Lipid-soluble drugs require conver- 























smn in u w.lui- soluble tonn before (hc> cun bo climmukd 
by the kidney. Such drugs usually tire subjected to hepatic 
metabolism, which cart occur in two phases (Fig. l-ft). 
Phase [ metabolism chemically changes the drug so that it 
is (usuallyI more water soluble and more susceptible to 
phase II metabolism. Reactions include oxidation, hydroly¬ 
sis. and reduction. The enzymes responsible for the major¬ 
ity of phase l metabolism are referred to as cytochrome 
P45U enzymes, a reference to their chemical structure 

(which contains an iron central core) and the wave length 

at w hich they absorb light (450 nmL Experimentally. when 
ihe liver is subjected to homogenization and centrifugation 
processes, the smooth endoplasmic reticulum that contains 
the enzymes forms minute vesicles or microtomes; hence 

the term microsomal drag-metabolizing enzymes The cy¬ 
tochrome P450 system is a large superfamily containing 

several families of enzymes (Schenk] nan 1982; Parkinson. 

Note that cytochrome P450 is not the only drag* 



metabolizing enzyme in the liver or body, and the liver is 
not the only source of phase l drug metabolizing enzymes. 

Other organs with substantial metabolic capacity attribut¬ 
able to cytochrome P450 or other enzymes include the 
lungs, skin, and kidney. Phase I metabolites arc usually 
inactive (e.g,, phcnobarbilal) hut can be equally, more (Le., 
a pro-drag such as enalapril). or less (e.g + * diazepam) active 
or more toxic 1.0 g., acetaminophen [Mitchell, 19841) than 
the parent compound. 

Phase II metabolism, also known as conjugatitm, occurs 
w hen a large water- soluble molecule is chemically added 
to cither the parent drug or a phase I metabolite. Gluctirom- 
dation is the niosi common phase II reaction. Addition of 
glutathione to a reactive metabolite is an important mecha¬ 
nism by which reactive metabolites can he scavenged be¬ 
fore tissue damage occurs Sul foliation and acetylation are 
less common phase II reactions. With rare exceptions, 
[ihuse II metabolites are inactive. Acetylation occasionally 
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results in formation of active metabolites te.g., procain¬ 
amide). Most drug metabolites are eliminated in the urine. 
Species differences in both phase 1 and phase II metabolism 

are wdl recognized (see Chapter 2)* 

Factors that can affect hepatic drug metabolism include 
the amount and activity of drug-metabolizing enzymes and, 
if the drug is characterized by a high extraction ratio 
(>70%, a "flow-limited drug"), hepatic blood flow. 
Changes in protein binding of highly bound drugs can also 

affect the rate of hepatic metabolism of drugs characterized 

by a low (<70%) extraction ratio. The greater the protein 
binding, the slower the rate of metabolism Capacity-lim¬ 
ited drugs are drugs with low extraction but highly protein 
hound, The rale of elimination of such drugs is inversely 

proportional to their degree of protein binding. For such 

drugs, decreasing protein binding results in an increase in 
the rale of metabolism. In contrast, protein binding does 
not impair the extraction of flow-limited drug. Disease, 

drug interactions, and species differences can have a pro¬ 
found impast on drag metabolism and thus on the duration 

of drag elimination, 


Renal and. Biliary Exert lion 

Renal excretion is the most important route of drug elimi¬ 
nation for both parent drugs and their metabolites (RitscheL 

1992; Rowland, 1989; SomoygL 1987; Bekersky, 1989) 
(Fig. I 9). The elimination of water-soluble drags (e g,, 
aminoglycosides and fl-lactams) particularly depends on 
renal excretion, Host factors that determine renal excretion 
include glomerular blood flow, active tubular secretion, and 
tubular reabsorption. Each of the determinants of renal 

excretion can be influenced bv renal blood flow. The kidney 

is also capable of metabolizing some drugs (e.g., imi- 
pencmh although this capacity is only occasionally of 

clinical importance. 

Glomerular filtration is a passive process. Drugs enter 
ihe glomerulus by bulk flow, being excluded if too large 
(> 60,000 molecular weight) or if bound to large molecules 
such m albumin. In contrast, active transport of drags in the 
proximal tubules is very efficient and rapid, and although 

insensitive to protein-binding, is susceptible to competition 

among drugs. Separate transport proteins exist for acid, 

basic, and neutral drugs. Probenecid has been used clini¬ 
cally to compete with and thus inhibit die renal excretion 
of expensive {1-lactam antibiotics (e.g.. imipenem)* thus 

prolonging therapeutic PDC (see Fig. 1-9), Rcabsorption 

of drugs from renal tubules into peritubular capillaries 
slows renal excretion. The extent to which a drug is reab¬ 
sorbed depends on its lipid solubility and its ionization. 

Weakly acidic drags are more likely to he reabsorbed in 
acidic urine but are trapped and excreted in alkaline urine, 
l rinary pH can be therapeutically altered such that the 

renal excretion rate of a drug can be modified. Note that 
for drugs re Hally excreted (e.g., amoxicillin), minimum 

inhibitory concentrations referring to FIX'S are inappropri¬ 
ate guides to drug therapy of urinary bladder (hut not renal) 
infections because drag concentrations achievable in the 
urine are much higher than those in the plasma. A drag 
can be concentrated in the urine up to IQO-fold compared 

w ith plasma concentrations. 

In contrast to renal excretion, biliary excretion is very 
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slow and is much less clinically important. Drugs arc 
eliminated in the bile by at least three active transport 
systems; one each for organic at ids, organic ba.se 1 ', and 
organic neutral compounds Characiemtics that determine 
biliary excretion of drugs include chemical structure, polar¬ 
ity. and molecular weight, with the latter being one of the 

major determinants. Drugs excreted in the bfle are in 

greater contact with the intestine and its flora compared 
with other drugs and are thus more likely to cause adverse 

relictions in the gastrointestinal tract* In addition, drugs 
excreted by this mute may undergo enlemhepati-c circula- 
lion (Fig, MO). When excreted into the bile in the conju¬ 
gated form, drugs cannot be reabsorbed from the intestine 
because of the large molecule weight. Bacterial degradation 
can* however, result in free, unconjugated drag that can 
then be reabsorbed back into systemic cinculalinn. Enlero 
hepatic circulation prolongs drug elimination half-life, 

Elimination 

The combined effects of renal and biliary excretion, as 
well as other routes of elimination not discussed ri.e,. 
pulmonary, sweat) irreversibly remove drug from the body. 
The rale of drug elimination, k< I also p or y* depending 

on the number of linear components that compose the FIX: 
vs. time curve), describes the fraction of dreg in (he body 
irreversibly eliminated per unit time {time -1 ) (tee Fig 
Ml) {Rowland, 1YK9: RttscheL m2: Mart inc?.. l<W8a, 
c), This rate I 1 ' represented by the- slope of the terminal 


component of a PDC versus time curve {the initial compo¬ 
nents, if present, generally represent lw!i distribution and 
elimination), 

Because k, is a slope, it can be calculated from only 
two points on the PDC versus time curve, such as might 

be obtained from a peak ai>d trough sample collected as 

pan of therapeutic drug monitoring. The slope, or k- is 

simply ihe rise/nm, or C, - < Vt> ~ h, where C is the 
concentration of sample I or 2 and I is the time that 
samples 1 and 2 were collected (sec Fig. 1-6). Because the 

FIX is plotted logarithmically, the actual equation becomes 



h - 1. 


For example, if gentamicin samples collected at 2 hours 

and 12 hours after an IV dose were 10*5 t md 2.0 mg/mU 
the k fur gentamicin m this animal would he 0.17 h -1 
The elimination half-life of a drug is the time necessary 
for half of the drug to be eliminated from the body (Fig, 
l-11). It is derived from k (t^ = t) r 693/k, i < c Fig 1-7^ 

,ind is one of the most useful parameters lor determining 
an appropriate dosing interval. It can also be derived from 
the plot of drug concentration (semilog) versus time curve 
(.see Fig. 1-6), In the above example, the half-life of 
gentamicin in this patient is 4.2 hours. At one drug elimina¬ 
tion half-life, 5tWr of the dose has been eliminated; by 
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five drug half-lives, more th-im 97% of ihc drug has been 
eliminated (see Fig. 1-11). For gentamicin in this patient, 
approximately 21 hmir^ must elapse before most of the 
drug has been, eliminated. 

The importance of first order {constant fraction) versus 

zero order fconstant amount; see Fig. £-11 ) (Dayton, 1967) 


can lx; appreciated best m the context of die elimination 
rate constant A K\ of 0,25 h 1 suggests that 2.VS of the 
drug remaining in an animal's body is eliminated each 

hour. A comparable zero-order rate (a constant amount) 
might he 25 mg each hour. Assume an animal has ingested 
several aspirin to the point that the FIX' has surpassed the 
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therapeutic range of UK) to 500 mg/mL. With first order 
elimination, by 8 hours (72 hours) in the dog. PDC essen¬ 
tially has reached the therapeutic range (500 


250 and 

so on until 112 mg/mL is left by 8 hours}. With ?errK>fder 
diminution (25 mg eliminated per hour), 36 hours must 
elapse before 1110 mg/mL is reached. Thus hnit-order elimi¬ 
nation might be considered a protective mechanism to 
ensure rapid elimination of potentially toxic substances. In 
addition to dosing interval, elimination half-life determines 
lime io steady state. Together with die dosing interval, 
the eli mi nation half-life also determines the amount of 


fluctuation in PDC during a dosing interval and the degree 

of drug accumulation as steady-state equilibrium is reached 

(see discussion of accumulation later in this chapter). Stud¬ 
ies using nonenmp.uimental model* to phanintcokiiicUtrally 

describe drug movements report mean residence time 
(MRT). which is the average time a molecule is in the 
body (or ihe dnic necessary for 63.2^5 of a drug to be 
eliminated). 

Clearance is a parameter often used to assess the excre¬ 
tion capacity and thus physical well being of an organ. 
Plasma clearance (Cl) is the volume ol plasma irreversibly 
cleared of the drug per unit lime and represents (he sum 

total of organ clearance (Fig. 1-12) (Riischcl, 1992; Row¬ 
land, 1989; Martinez, 1998c, dl. Note that it differs from 
elimination because it is a volume per unit time, mi ,i rale 

constant. If the drug is cleared exclusively by one organ 
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(c.g. + renal clearance of aminoglycosides or hepatic clear¬ 
ance of caffeine), Chen plasma Cl also represents clearance 
of the specific organ and can he used to evaluate the 
function of the organ. The volume of blood cleared per 
unit time hy an organ is independent of PDC. The same 
volume of blood i* irreversibly cleared of drug hy an organ 
regardless of how much drug is m the blood (unless PDt’s 

are so high that organs of clearance, such as the liver, 

become saturated l The Cl of a drug represents the fraction 

it ) of the Vd of a drug thai is cleared per unit lime Thus, 
if the Vd and t tor half-life) of a drug are known, the Cl 
of the drug can also he determined; 


a 


Vd ■ k, 


Note thai Cl can he determined only after IV administration 
of a drug (unless I is kiKiwnl because Vd can he measured 
only if bioava liability is known to be lOCHfi . 

All hough clearance is the reason ch.nl PDC ultimately 
declines (thus is physiologically independent of any other 

pharmaeok medically il is obtained or calculated 
from Vd and k,, lor half-lifel. Practically, it is not a useful 
parameter in the design of dosing regimen*. In contrast. 






U a clinically useful estimate 



how 


■# a 


mm 


long a drug slays in the bod) physiologically, it is a 
hybrid" parameter in (ha( it is impacted by both distribu¬ 
tion and clearance. Ycl, pharniacokincticalh, half-life is the 

pure" parameter because it is measured directly from the 

PDC versus time curse. Obviously, the more rapidly a drug 

is cleared hy an organ, the ^hotter the drug half-life, If a 
drug ns distributed to a large i issue volume, however, the 
organ* of clearance cannot access iho drug. arid (lie rate 

of elimination decrease*. Thus, drug elinun.iiion half-life 
change* directly and proportionately with the volume of 
distribution of a drug, hut inversely (and proportionately) 

w ith the clearance of the drug. 

The clinical significance of these relationships might be 
exemplified in a patient who has become dehydrated as a 
result of uncompensated chronic renal disease As tissue 
volume contracts with dehydration, the volume of distribu¬ 
tion decreases Although PDC (and the risk of toxicity} 
increases, more drug is in each milliliter of blood, and thus 

more drug is cleared per unit time. If all else remains 

normal, drug half-life decreases If renal function is sig¬ 
nificantly compromised and the pattern is not yet deh\ 
drated (and (he drug is eliminated hy the kidney], however, 
clearance decrease* (a smaller volume of drug goes through 
the organs of clearance I, and drug elimination half-life 
would decrease if all else remains normal. In ihc patient 
with boib volume contraction and compromised renal (unc¬ 
tion, drug half-life may not change even though renal 
function may he Very impaired. With volume replacement 

ue. fluid therapy), drug ettmiiuilon half-life would, in¬ 
crease compared with the normal amount. 


FIXED DOSING REGIMENS 


Qqsq 


A fixed dosing regimen is composed of a dose and ail 
interval (or frequency] The dose necessary to achieve a 























Introduction m LJrug Use in Small Animals 


14 • 

specified Lirget. PDC ic|„ C ^ tor main antimicrobials) 
depends on tbe volume of tissue that will dilute the Jose 
administered, estimated by Vd (Ritschcl. l dd2; Rowland, 
1984); 

!W = ICLJlVdJ 

The dose of drug must be iiicrea-veil oi decreased propor¬ 
tionately with changes in Vd in order to achieve the same 
target PDC lsee Pig. 1-6). Often the dose is not intended m 

reach C M% but rather C* — (i.c.. phenobarbi tal) or midway 

beiwcen the two extremes of the therapeutic range. The 
concentration within a therapeutic range that is selected as 
the target depends on the drug efficacy and safety. The 
Vd os a drug is the note determinant of FIX" for IV admin - 
is t ere cl drugs that do not accumulate, For drugs that 
do accumulate i mx later), the initial dose of the drug 
must also take into account the magnitude of accumula¬ 
tion* which in turn depends on 'the elimination half-life 
of the drug in relation to the dosing interval. For oral 
drugs, biouvailability also must be considered: Dose ■ 

[Cm ax] | VdJ/F 

interval 

The frequency of dosing, or the dosing intenvil, is deter¬ 
mined by (he lime (T flLMi > it takes for truuumum PDC (C»J 

to drop to a point below which the desired response no 
longer occurs, C ttl (Fig. 1-13), 'Thus, T^ depends on the 
amount of fluctuation in FIX" desired during the dosing 

interval and the elimination rale constant (k»«y If C* . for a 

drug h close to half of C then approximately one drug 
half-life <i.e, 1 T^ = til can elapse before the next dose 


must be administered, A mure appropriate interval can K 
calculated with if C„ B does not approximate half of C*,: 



The longer the elimination half-life of a drug, the longer 
the interval (or T lt *J can be between doses, 

Frequently, to effect a pharmacologic response or to 

maintain owner compliance, clinicians are tempted to nmi 

ify the recommended dosing interval. Yet decreasing a 
dosing interval is of no benefit for drugs whose half-life is 
Song, For example, an ft-hour dosing interval for phettobar- 
biial (or primidone; drug half-life 50 lo 100 hours) offers 

no advantage to a 12-bour interval because very little drug 
is eliminated during the 12-hout period between doses. 
An exception is made if induction of drug-metabolizing 
enzymes by phenobartrital has decreased drug half-life (see 
Chapter 2'h In contrast, prolonging a dosing interval for 

convenience may he dangerous for drugs with a short half- 
life tc,g r , many antibiotics) For drugs with short half-lives, 
prolonging the dosing interval from every 8 hours to every 
12 hours may be accompanied by a dramatic decrease in 
PDC, probably below C^ B (Fig. 1-I3fl), Note, however, 
that some drugs are effective even though PDCs are essen¬ 
tially nondetectable Examples include antimicrobials that 
exhibit a postantibiotic effect (e.g„ aminoglycosides), drags 
that accumulate in tissues (e.g„ omeprazole), drugs such 

as diazepam whose metabolites are active (some with drug 

half-lives longer than the parent compound), and drug* 
that inactivate chemicals or destroy receptors that must be 
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resy n ihfs ized he tore the physiologic effect re solved (e.g., 
ami prostaglandins). These drugs need no? be given every 
half-life ioften 2 hour*, or less) in order to remain effective. 
Half-life also determines the lime lhat must elapse hefore 

a substantial amount ot drug has been elim mated in the 
case of overdose sec I sg. I—t J >, Although live drug hall - 
lives must elapse before 9794 of a drug i.s eliminated (see 
Fig. I—11K loss of pharmarulogjc or toxic efleet may be 

evident after only one or two half-live* have elapsed. 

Drug half-lives can be as short as 2 minutes or less 
(c.g+, epinephrine and dohuumme) or as long as several 
weeks (c.g.. potassium bromide). Drugs with half-lives that 
are too short for convenient dosing are given either as 
constant JV infusion leg., lidocmne) or as a slow-release 
preparation k.g.. benzathine penicillin) Although the elim¬ 
ination hulf-ljte of the drug does not vury for these slow- 
release preparations* the absorption ot the drug is much 
slower. The intent, although not always success I ul. is to 
miUJiisuti const.;in? therapeutic concentrations by ensuring 
continuous addition or input of drug into plasma. Note, 
however, that absorption may be mi slow lhat therapeutic 
concern rations are never reached. Many oral drugs are 
prepared as slow-release or continuous-release preparations 

ie,g., quin idme, theophyllinei. These preparations have, 
however, been formulated for humans and the release 
kinetics may vary substantially in animals. Fur many of 
these drugs, effecti ve PD< may not be reached. 

Accumulation 

For drags with very long half-lives, dosing intervals are 
correspondingly prolonged. A dosing interval that is too 
long is, however* also often inconvenient In addition, for 
many drugs, the therapeutic range is very narrow., and 

fluctuation of PDC during the dosing interval must be 
minimized. In both situations, the recommended dosing 
interval is often shonei than the drug elimination half life, 

When each subsequent dose of drug is administered at an 
interval (T) that is much shorter than the drag half-life. 

most ot the previous dose is still in the body and the drug 
begins to accumulate with multiple doses 'Fig. I-I3A) 

{RitMjbd, 1W2; Rowland. 1989). Eventually. a steady state 
is reached (or the drug such that the amount of drug 
administered with cadi dove equals the- amount eliminated 
during the dosing interval. As with drug elimination. ap¬ 
proximately five drug half lives must elapse following a 
fixed dosing regimen before steady state is reached. Steady 
state is a relevant issue only for drugs that accumulate, 
lhat is, the drug (c g„ phenobarbital, potassium bromide. 

digoxinl is ad mi metered at a dosing interval that is shorter 

than the drug elimination half-life. 

1 hi. amount that a drug w ill accumulate as steady-state 
PDCs are reached depends or; the relationship between the 
drug ehminat ion half-life and the dosing interval. The 
greater the difference between the two. the more the accu¬ 
mulation. The amount of accumulation can he approxi¬ 
mated based on the relationship between the dosing interval 
IT ■and the elimination half-life (Table 1-1). If the elimina¬ 
tion half life i\ equal to the dosing interval, the drug will 
accumulate twofold. 

the relationship between elimination half-life and dos- 


Table 1-1. Rite ct Drug Accumulation Based on the Length of 
the Dosing Interval IT) Compered with EJirrination Half-Life (Id 
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ing interval alio determines the amount that PDC may 
fluctuate during li dosing interval. The larger tire magnitude 
of elimination hall life compared with the dosing interval. 

the smaller the fluctuation in PDC during a dosing interval. 
For drugs administered at an interval equal to the elimina¬ 
tion half-life, PDC will fluctuate twofold between doses 

For example, if the elimination half-life of phem*barhila! 
in st patient is 24 hours and the dosing interval is 24 hours. 

PDC at steady state accumulated twofold ti c , by twice 

what it was after the first dose), and PDC will fluctuate 
between doses at steady state by Bromide and clora- 
repute la benzodiazepine anticonvulsant I are extreme ex¬ 
amples, Jhe elimination half-life of bromide is 24 days, 
and rbc divsing interval is l day. At steady state bromide 
concern rations will be over 25-fold what they were after 
die first dose. Likewise, during a 24-hour dosing interval, 

fluctuations in PDC wiU be so small that they likely will 
not lie detectable. At the other end of the Spectrum dora 

zepate ban an elimination half-life of less than 4 hours, but 

it might he administered every 12 hours Because 87^ of 

ihe drug is eliminated during each dosing interval, there is 
little drug accumulation. During a dosing interval, drug 
concentrations may become negligible (itist before the 

next dose). 

Clinically* dregs that accumulate present problems that 
are not encountered with drags administered ai an interval 
lhat precludes accumulation. Maximum therapeutic efficacy 
is m>l realized until steady-slate concentrations are reached, 
which may he m unacceptable lime for some patients <c.e„ 
epileptics receiving potassium bromide (KBr]! (sec Fig. 
1-13). In such situations, a loading dose (i.e„ 450 nig/kg 
KBri can be administered. This single dose, based on the 
Yd of the dreg (0.3 likg for KBr) and the target concentra¬ 
tion (usually between C„ tal and C ta J. is intended to achieve 
therapeutic concentrations With the first dose (assuming 
IU0% bioavail ability, it would be I lo 1.5 mg/mL for KBri. 
The daily maintenance dose (e g., 20 to 40 mg/kg for KBr) 
is administered Lifter the recommended dosing interval has 

elapsed after administration ot the loading dose. If the 
maintenance dose is not appropriate, PDC achieved after 
the loading dose may increase or decrease a» steady slate 

is reached A disadvantage lhal may predude administra¬ 
tion nf a loading dose is that the body is mn allowed to 
gradually adapt to the drug. 

For drags that accumulate, the contribution of j single 

maintenance dose of drug to the total amount of drug in 

the patient ■- body at steady *uite can be considerably small. 
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particularly if ihc dosing interval is much smaller than the 

drug climimukm half-life fc,g., phcnobarbiliil or KBr). If a 

pel owner fails to administer a dose of such a drug, the 
FIX! is not likely to decrease below and die patient is 
not likely to react adversely due to therapeutic failure (i.e,. 
vubthcrapeutic concentrations). 4 double dose can be given 
at ihc nt\i interval. Similarly, if the patient fails to respond 
to the drug because the PfX is inadequate, udministmtion 
of a single "extra" dt»c is not likely to be beneficial 
because the PDC is not likely ttJ change much. Roihcr. 
a (smaller) loading dose must be administered, or the 
maintenance dose will need to be- increased mid a new 
steady state reached at five drug half-lives. 

Extrapolation of dosing regimens fur drugs that accumu¬ 
late is more difficult than for drugs with a short half-life 
For the latter, the dose (for an IV drug! for multiple dosing 
depends only m Vd, which is a parameter that tends to be 
more similar among species. For drugs that accumulate, 
the dine i assuming multiple doses) must take into account 
both Vd and elimination half-life Elimination half-life is 
more likely to vary among species, particularly if hepatic 
metabolism is important to drug elimination (i e., lipid- 

voluble drugs). 


llnsin^ bused on 

(Price, 1998 ) 


iin 


y 


Surface .Area 


The identification of a formula that predicted physiologic 
processes more accurately than body weight in children led 
to the use of body surface area IBS A) as a basis for dose 
sckvh'ni of drugs characterized by a narrow therapeutic 
index, The formula is based on the assumption that rates 

of various physiologic functions, including lhose responsi¬ 
ble for drug disposition, vary with body si ye (Price 1998) 
The formula USA - 10-W' : u based on tlic geometric 
relationship between BSA and volume, which, in turn, h 

addressed as h«Sy weight adjusted for mass. Because the 
relationship between body weight and volume is not con¬ 
stant. the equation is normalized for differences ini body 
shape among species by the addition of the shape constant 
K: BSA “ K * UVW 10 . The formula is most commonly 
applied to designing dosing regimens for toxic yet thera¬ 
peutic drags, most notably cancer chemotherapeutic drugs, 
with the supposition that large breed dogs would benefit 
most (thus avoiding the relative overdosing they received 
compared with smaller dogs) However, recent recognition 
that when dosed based on BSA smaller dogs appear to 

react more adversely to cancer chemotherapeutic drugs 

than larger dog* has caused re-examination of the appropro 
atenes* of the generalized use of BSA to design dosing 

regimens for selected chemotherapeutic agents. Severn] ob- 
scrvotioDs made by Price and associates help support the 
need to re examine the application of the method to all 
animals. First, studies have suggested that the mass expo¬ 
nent used to correct weight (2/3 or 0.67) is not correct, 

Other studies have shown that the exponent may vary as a 
function of age Hi is and other factors suggest that a range 

of mass exponents be applied to animals widiin the same 
species. Second, and more problematic but more obvious, 
is the variability in shape among animals within the same 
species. Although studies have shown that the ollometric 


scaling of doses does help normalize doses among specie*, 
normalizalion using, the same shape constant (K) within 
species has not been documented. Although a single K 
ma> be appropriate for the domestic cat, marked differ¬ 
ences should be expected for (.tie domesticated clog. Indeed, 
previous literature reveals that a number of shape constants 
have been used in dogs, ranging from 9.9 to 12.3 (Appen¬ 
dix 2 j, with the smaller value being applied to smaller ot 
more compact dogs. 
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ideally, fixed dosing regimens are based on scientific stud* 
ict performed with rhe drug of imerest in the largei species. 

Often, however* the doscs used in small animals arc extrap¬ 
olated from other species, especially humans, and are not 
based on scientitle studies Even with scientifically ha_sed 

studies intended to determine appropriate dosing regimens, 

the sample numbers studied are often too small lo represent 
the target population. In addition, animals studied are gen¬ 
erally healthy yet animals treated with the drug often are 
not Many factors in the individual patient can alter plasma 
drug concentrations (PDGtK and thus the likelihood of 

llierapeutic failure* regardless of whether or not the dose is 
scientifically bused- Some of these factors ean he Liken 
into accouni by mtedification of the dosing regimen. These 
factors include pharmacologic factors resulting from ad 
ministration of the drug alone or in combination with other 
drugs liable 2-1 k puthulogit factors, particularly cardiac* 
renal, or hepatk disease: and physiologk factors such ,is 
species and age, 

PHARMACOLOGIC FACTORS 

Drug interactions occur whenever the action of one drug is 
modified by the presence of another* concurrently adminis¬ 
tered drug.. The incidence of interaction increases with the 
number of drugs included in the preparation awl with the 
duration of treatment {Griffin and DArcy. 1979}. Drug 
interactions may occur before or after the drug is absorbed. 
AWioiig.lt non necessarily a drug interaction, the route of 

administration can also influence bo-tli drug disposition and 
the type of drug interaction. 



Pharmaceutical drug interactions occur before the drug is 
absorbed and may occur before administration. Intcraciions 

can occur between two drugs or between a drug and a 
camei (solvent |* a receptacle 1 including intravenous [IV] 
tubing), or the environment in which it is administered 
(e.g„, gastric environment) (Ansel, 1976). In human medi 
cine, pharmaceutical interactions most frequently result 
from the addition of drugs to IV fluid preparations. In 
veterinary medicine* they are most likely to occur in the 

critical care enviremmenl. where JV administration and 
multiple drug administration are common or following ir: 
appropriate compounding of drugs. Drug iihcompalibililies 
can change the chemical or physical nature of a drug. 
Incompatible reactions can reflect degradation due to 
charges in pH, binding by drug* with different charges, or 

other molecular interactions; changes in temperature; or 
exposure to ultraviolet radiation {Papich, 1995). 


Intravenous Preparations 

Drugs that are unstable generally have a short shell life 
when m solution Reconstituted parenteral solutions should 

always he Labeled with die new expiration date and used 
with strict adherence to the product label instinct ions after 
reconstitution. If directed by the label, refrigeration or 
freezing con prolong the shelf life. It is risky, however, to 
assume that cold storage will prolong the shelf life of the 
drug unless efficacy has been documented m the intended 

conditions. Freezing can increase the degradation fe,.g„, 
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Table 2-1. Examples of Factors That Affici Drug Disposition 


ill in tui co h jgic factor s 

P hnrtrue eti ii cal i n te n*cl k j iu 
1 Tiefapc mkiI i ncquiv u fcnet 

KitlI. -Jru£ ■drug nlli“ -j liuA* 

I Jraj' -dirt i rr-;'tuiKtih 

rhwiiuKoh inctk inter 

Ptmrmacudynaniic 

Psteilojj.iL c-.-nJiUi-:-.- n di tying drug action 
GistroifiiMinal disease 

MrJUtiC dlsejM! 

Renal diwatt 

t ‘aniiovovular disease 
Pulmonary diuaiti 
NriJti4ogic disease 
Metabolic iuue 
Drug pmnn binding 
Physaulufic ii aciors 

Kwitr of -ii"iT'.ni ■ IrwJirsfl 

Si j■ k ii i.i"i' ii"- 

CcPrtK ihfrolt fadur* 

A pc 

Sex 

Body Height and *uifoc« arfa 

fVepunty amt ktLldion 

Dtrt and rn. ln: on 

Ttitiperameni 

Eim i jffltirtil 

C'imadian rtijflliim 


ampicillin), crystallization (c.g., heparin, dobufamine. furo- 
semidr), or precipitation (e.g. insulin) of drugs. Refreezing 
of a previously frozen and defrosted solution increases the 
risk of efficacy loss The proper reconstituting fluid should 
he used to avoid inaetividoo of drugs. For example, am¬ 
photericin B should be diluted only with 59fc dextrose 

because precipitates will form otherwise; whole blood or 
packed red blood cells should be diluted only w iih 0,.9 :S ;T 
saline to avoid damage to infused cells (Table 2-2)., 

Changing the pH of a solution by improperly diluting it 

or mixing it with another drug can. be risky. The release of 

some insulins is pH dependent. Diluting insulin with a 
solution other than that provided by the manufacturer may 
change the pH arid thus the rate of insulin release The pH 
of a wlution may be needed to keep the active drug 
dissolved or stable: changing the pH may result in prccipi 
ration or loss of stability, For example, acid-labile drugs 
i c.g , penicillins) can be destroyed in a low pH solution 
Drugs prepared as an acid salt te,g. T lidocaine hydrogen 
chloride) or in acidic solutions (i.c, % sodium heparin J should 
not be combined with alkaline solutions (i,e.. sodium bicar¬ 
bonate). 

Drugs tan hind to and inactivate one another, often duo 
to ionic attractions. Calcium m solutions causes precipita¬ 
tion when combined with solutions containing carbonates 
le g,, sodium bicarbonate). Heparin is incompatible with 

several drugs, sodi ns aminogly coside and p-lactam antibi¬ 
otics Thus, whenever possible, saline rather than heparin 

should be used to maintain patency of catheters through 

which drugs are administered. When present in sufficiently 
high concentrations, penicillins inactivate aminoglycosides 
In fact* beared I to can be used therapeutically to bind genta¬ 
micin in case* of overdose Although plasma concentra¬ 
tions after therapeutic dosing of either drug probably do 


not achieve concentrations necessary to inactivate amino- 
glycosides, in tlie critical care situation, and as a once 
daily dosing regimen of aminoglycosides becomes more 
generally acceptable, the risk of aminoglycoside (oru flun 
rinated qu inn lone) antibiotic inactivation by a penicillin 

may become greater 

Often, a pharmaceutical drug interaction involving IV 
solutions can be detected by a visual change in die appear¬ 
ance cf the drugs. Discoloration, cloudiness* mm! formation 
of precipitate generally arc indication* of an interaction, 
and with some exceptions use of the drug should be recon 
ytiered. Not all interactions will, however, result in a 
physical change of the appearance. Likewise, the change 
in physical appearance of a drug combination does not 
necessarily indicate that the activity of I he drug has been 
changed. For example, diazepam has been mixed with 
other ptcancsthetfcx with ik> observable change in drug 
efficacy, despite a cloudy discoloration. Whereas a pink 
discoloration of dopamine indicates inactivation, discolor¬ 
ation of dobutomine does not preclude efficacy if the drug 
is used within 24 hours Slight yellow discoloration of 
procainamide is acceptable; dark discoloration indicates a 
loss of efficacy. 

Several drugs can bind to receptacles. For example, 
lipid-soluble drugs (e g,, diazepam) can bind lo plastic 
containers: insulin binds to selected glasses and to many 
plastics, including polyethylene and polyvinyl; aminogly¬ 
cosides bind to glass. Binding to catheters and IV lines can 
be minimized by flushing each new system with a sufficient 
volume of solution (50 mL) before drug administration. 

Drugs packaged in brown bottles le.g., diazepam and futo- 
semidei are somewhat protected as such from ultraviolet 
light, arid protection should be continued if transferred to 

another vial. 


Oral Preparations 

Drug interaction^ can change the diffubbility, dissolution 
rate, and particle size of orally administered drugs. Many 
drugs bind luminal contents (drug-diet interactions; Table 
2-3). and oral absorption is impaired (Toothakei and Wel¬ 
ling. 1980). On the other hand, the oral absorption of 
selected drugs is enhanced in the presence of food (see 
Table 2-3). The effect of food is most important for drugs 
with a narrow therapeutic window and for drugs with a 
steep dose-response curve, for which a small change in 
PDC can cause profound differences in response in the 
drug. Food can alter splanchnic blood flow, gastric motility 
(and thus mixing and drug dissolution as well as gastric 

emptying), and gastric secretions. Clianges in gastric secre- 
iiiicis can alter gastric pH. which can change the percentage 
of ionized and thus diffusible drug. The net effect of food 
on drug absorption depends on the pK* of the drug, whether 

the drug is labile to the effects of pi l and enzymes, and 
the site of absorption of the drug (i.e„ stomach vs. intestine: 
(Tootbaker and Welling, 1980). 

Drug-drug interaction* in the gastrointestinal tract van 
inactivate or prevent absorption of drags. Sucralfate, citncb 
idtnc, aluminum hydroxide, and attaptilgite (Kaopcctate) 
are examples of drugs that bind to and prevent the absorp¬ 
tion of many dings. Other drugs alter the rate of absorption 
by altering gastric motility (Table 2-4; see also discussion 
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Tablfl 2=2, Examples of Oryg Interactions m Solution 



Drug of Drug Cl 


Ammo and sohmons 
Amuio^lyctmdes 

.Vi Tii f»oph V J J i m. 1 - 

Amphotericin B 


Arapwillin indium 

Aimpine (idfile 
B-lactams 

Ccfduii>qXiTtt ’ 

Pen mltum 

Bicarbudue 

Biflocpbantd 

Blood. ltd Mood cells 

fafci um-con taming 

•• i ■ • 1111 >i ■, 

t jJaum diapduim HJ >1 \ 


C hlwam phpucnl 

Cafbcnkillin disivfeum 

CciaznLin 

Cephuloihin 

Diazepam 


E>igltoXfit >-.<■: JifotinsI 

D i phenh y «J rami ne 
PotHiianuiK 
Doxorubicin 
E Vit y^cline 

Epinephrine 

l-rythFonniyciri 


I l jin kin incglumi 

i umnnidc 


UcntamKin 


OlycnpyiTolaic 


fliqunn 

Hydflkon*tf*w sodium 

(Km 

tnupenem 

I n - 1L i r. 


Efufl dextrin 
kaouriyuD 
kci.iit inr 

Lbdocainc 


M.itnv Alir SUlLTalf 


Mannitol 


Inccmpaiitd* Drug* 


Many drug* 

SemtsyrthelU ^-liciuns. hepin; nuny others. chuck 
nwiufiRiurtr's lube! 

Do [tern ftii_\ ffidi other tlftijj* 

Use only Sff- drxuw (m manufacturer tugge sis sterile 

waltr * 

Do not mu with other drug;- 

Selected diluenu wsd drags; check with manufacturer'* 

label 

Bicstftwmc. r icibldJItn. | , nmvjtfine. » mhm 

Many drug*. depending on specific smiimcrotrial: check 
mortal factuner's label 
An l«r ccphalci'tpdnn*; rumnogJ ycflMdct 
Many 6mg* 

Do not min * ith dimenhydnoate, pentobarbital 
Do not mix with diazepam 

Any ihcrmiiuti* nolwiofl except 0.W wilinc 

Many drugs, 

Do not mix with many drop, including dexertasc. tnetal 
%ati 

Many drags 

Do not mu with nwoy drop 

Do mx mix with .my nthcr drug 
Do not nut with any utter drag 

Cloudiness when mined with many other .iji.i indKaic* 
pm iptlalwn. which w li include drug: potency may be 

reduced 

Calcium, tpuvphriiK, vitamin B cumpier 
Furwemidt. methy . pentobarbital 

AlkahK solution* 

Bicarbonate. heparin. knuriia. otterc 

Selected drugs, including hdomne, heparin. 

isoproterenol, vitamin ft complex 
c alcium-ranLaiDing solution*, ampncillin. other penicillin* 
pentobarbital proctdorpciizintr, oihtn 
Several dnip. deluding selected cephalosporins, 
chloramphenicoL heparin, tetracyclines* and vitamin B 
cnmpkv 
Mom wtunom 

Anil i 'iohiM ^ caove hydr^lyaiii: precipirares whin 
combined! with many drop 
Si any strap including ikfuninr. funKmuJc. be pan n 
Iscc also h-latuiiftr amphotcricio Bl 
Alkaline solutions 

Avoid diluting with saline or hicartwciaic for intravenous 

infusion 

Other drop 
Many drugs 

Acid pH causes hydrolysis. 

Incompatible with many selected drop 

Cheek package label re g anting diluent ad refrigeration 

n<v.l and it.mil c Iciile insulin kinetic *. im.O!n|Uitthle 
■with rrnny drugs 
OnytetncyclJiie. sulk»lamides 

Set genumreirt ^mh^lycosides 

fturthlurain diuepan 
Alkaline aMoni 

Many dnjjv, including calcium^containing chug*, wxbum 
bicarbonate. tetracyclines, others 

Blood urohgl) acidic or alkaline snluiions 



Adsorbs to |LaAS use plastic foe monitoring 


Light exposure 


Check manufacturer v recummcndatiofis regarding 
s [ability upon nc mutt tut ion 


v w .a i.iM.’ 2-7 


Adsorbs ter imtravepous tubing and plastic «W#«r* 

Proted Iron light 


Check manufKturer's label regarding ducolonhion 
AhiiiJ prolonged contact with aluminum 


Yellow discoloration, proteci from light 


Stnngly acidic ^oluhcn 


Strongly khJic so hi hurt 

Slightly yellow di^Dlomjtiuq is ufcjy 

Use proper dilutioB volume to airaid precipitaiion 

Do flat ibreir 

Bind* to intravenous tubing, selected types if glass, and 

plastics 


Lows of #ug snored in polyvinyl thtoridt bagn 

(adsorption to prfyv ui yl chlonde) 


CryxtalUcation of high <25« J concentrations in glass 

containers generally can be redistributed by warming; 
cryslalbzalMfl in plastic lolutkms is difficult to rtwltt 


Dy r □ h 

My 1 'y 
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Table 2 -2. Examples -of Of tig Interaction* in Simian CofififWfd 


Drug ar Drug Cttsi 





Mcihylprcdnignlocw' 
sodium iLiccjntftit 
Mclmti idi/oJc 


M efo k luprurmclf 

Mrrphijbo 

Mu)|l|. C :I mi -i :i 

Nuroluraiiiuii: 

Onyflobin 


Ox ytrtmcyc line 
(hyiOdi 
IVnmlfm ' ■ 


Peniubartmal 

Ricnotwrtutil 
Ptif it?Jcphnnc 


PtltllVlOlIl 

IB 

Ptiyi nod tone 
Nflitium chinode 
Prai idi>xii clibricic 
PAM I 
Pmcainc 
Pracsi n amide 

Pucbkirpcrizinc 

Pmnut/iitt 

PtoaneilijLfi ml 

Proitin h;-.it,.,n 

Prufkilul 

Profmolol 

Ringer* ..il idle 

Sodium bm -irbimate 
Sod; u m lixl mIc 
Sul tuna midm, *odrum 
lall* 

Tetracycline 


Thiopental 
VwiMRynn 
x iumm B rempb 
WurUrm 


Noniiowctl R. Nurmosol M vlccied drugi 


0-1 jc tim s. , eryvh roui % « n . mdiu m (uc efbuitau 
Many ■ ii mlw 

thearKttJlet wlfttd <eprfiak>iporLnv -afi i noptiylline, 
>Mkn 
Mohv ttrufr 

Vitamin K (see PhYlmadiorte) 


See iclixydinr 

Du 11 ie m.\ -An any mber dreg 

See alsis) p-latiirem 

Ptulyethylene glycol 

ProchJorpewme, prmnhvbiiiiL iotfsdivine 

Other* 

Acid pH 
^ l ;i-v drufii 

A! .i "v. drugs, tspeiiaJly acidic solution* 

Penicillin, pcntntwfei4al, phenobaifatiJ , ptenytoin sodium 
hcjirboouie 

Do not uses, with any other drag m iruravcnout sHtUion 
Do not mu mth junmrhi.: ttii hartiiiumie*, phttijtuin 

l\> noi rai*; with amphotericin B 

Rean»tiluLi h with aierile w alei Mis do not qua with any 

mhci 4m g 

Mirny fttikiuon^ egut tally alkaline 
DeSfW 
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Many drug* 

|*o mi mi* with any other drug* 
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Aknbnl m 5ft detmwie. epinephrine, tu>ietr«yclirte, 
hhlium fcicurtwnale, «ulfj*diutne 
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Several drug* 
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Avoid diluting with j volume lb#i it ton .uiul I; 

ptcopiUtHM niiiy occur uttenMae 
Kecurot Killed lycphitized product very acidic and musl be 
buffered w# hictehnnate Rcady-t^ure product 
require* no udtlilkmai tundUiig. Light, semilivci 
htvwcvcr difcolominR induced by tight not 
jccuoifJaniHl by lw* of potency 
Do xit frrexe 
Protect Irmn light 

Lock of potency Lows ha* been dwumentedc complcuo h 
hours after dilution 


Rental- al frem foil *mp capotes hemoglobin in oxidation 

with mbwquent formation of meUKmoglah*iK>mia 
(indicated by hrtmm diwuluraiGflj 


Refrigerate m| A IS V; 4» not freeft 

Rapidly iruicci valet in pH «b-7 or >8 


Prqwcd is calrcmclv alkaline solution 


Light yellow tiui mu amber dividimkiD okay 


Highly acidic solution may render incompatible wilh Dark solutinn indurate* dccraipaulm; difcoloralHn in 

many drugs mullipJe rlectrolyle udolion -docs not indicate potency 

krt& 

Many drugs 
Selected drugs 

Magnesium sulfite, cftihtutnytin. selcctKi adren 

Many drugs 


of phurnuicokinclLc interactkHiv later in this chapter!. To 

minimize these effects, none of these drugs should be given 
simultaneously with anotlter tmilly administered drag. 


Topknl Preparations 

Pharmaceutical interactions in topical preparations may oc¬ 
cur between drugs or between drugs and the vehicle in 
which they are carried (fdson* 1983; Boothe. 1987) Both 
the rale and extent of drug absorption can be affected 
adversely Lot example, macromolecular additives may 


bind chemically with the uelive drug. Methyl* ethyl, hy- 
droxyethyl, and carboxynwthyl cellulose frequently form 
complexes with drugs that can lead to drug precipitation. 

Vehicles are often selected because ot their effect on drug 
absorption h * e x ample, retardant v chic le* l e,g.. polyetby J - 
enc glycol 30t)| interact wilh the drug, decreasing its ab- 
sorption, whereas dimelhylsulfoxide (DMSO) is well rcc- 
ognized for its ability to enhance absorption of many 

topically applied drugs. 

The concentration of drug available fur skin penetration 
depends on its dissolution in the vehicle. Few drags are 
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sufficiently soluble to be dissolved in petrolatum bases: 
most drugs mixed in .such base* are present as panicles. 
Dissolution of drug in the panicles is very slow, and few 
panicles are located at the vehicle-skin interface. Drugs 
must generally dissolve in an aqueous layer of fluids that 
collects under the ointment base before percutaneous ah- 
sofptitH) can occur. The solubility of a drug in the vehicle 
is an import am determinant of drug movement into the 

skill. Water-soluble drugs tend to have a low affinity for 
the vehicle and arc not well absorbed- Lipid»stduhle drugs 
arc better absorbed. A drug that has too great an affinity' 

for the vehicle may not., however,, be well absorbed simply 
because it will not leave the vehicle i Boothe, 1987} 

Pharmacokinetic Drag interactions 

Drug interactions that occur inside the body may be life- 

threatening Pharmacokinetic interactions occur when one 
drug alters the disposition of another drug t Pond, 1984). 
Each stage of disposition of a drug—-absorption, distribu¬ 
tion. metabolism, or elimination—can be altered by an¬ 
other drag. 

Absorption 

Absorption of one drug may be hindered due to changes 

in the drug’s passage through biologic phases and to 


Taiblo 2-1 Examples ot Drugs That Affect Gastric Motility 


Decreases) motility 

Increased motility 

An 11 dm l utcff k’ % 
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Ant ihiunniivs 
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changes in local pH, the integrity of biologic membranes, 
regional blood flow, and, in the case of orally administered 

drug',, gastrointestinal motility. Each of these changes can 
be induced by a concurrently administered drug. Examples 
to consider include the following: 

1. Use of an antisccretory drug' may decrease the pro¬ 
portion of a weak acid that is orally absorbed as gastric pH 
is increased, thus decreasing the absorption of weal acids. 

2. Similarly, the efficacy of sucralfate* which requires 
activation by an acidic environment, may be decreased if 

administered during the peak antacid effect of an amisccre- 
tory drug. 

3. Sucralfate and crmeiidine are examples of drugs that 
bind to and prevent the absorption of other drugs L i kcwise. 
tetracycline and enrofloxarin are bound by divalent or 

trivalent cations that might be found in antacids (see Ta¬ 
ble 2-4). 

4. Drugs that alter gasirk motility might alter the rate 
of ora) drug absorption. Most drugs are absorbed from the 

small intestine. Administration of anticholinergics de¬ 
creases gastric emptying, allowing a longer lime to elapse 
before a drug moves to the small intestine. Although extent 

of absorption may not be affected, peak plasma drug con¬ 
centrations may be lower, Metoclopramide probably has an 
opposite effect. Its contrast to gastric motility increasing 
motility of the small intestine is unlikely to alter the oral 
absorption of drugs because the surface area is so large it 
i.s difficult to manipulate. However, a few drags alter drug 
absorption by causing malabsorption or charging gastric- 
blood flow (Table 2-5). 

Dfetri button 

Pharmacokinetic drug interactions dial alter drug distribu¬ 
tion usually result from competition for protein-binding 

sites between two or more concurrently administered drugs. 

Because protein binding it reversible, the drug with she 
highest affinity for protein (usually albumin) displace* the 
drag with less affinity (Table 2-6 1. If a highly (>80% i 
protein-bound drug is displaced by only a small fraction* 
the amount of unbound, pharmacologically active drag 
markedly increases, and the risk of toxicity js initially 
increased. Because nonsteroidal ami-mflammaiory drags 

(NSAIDsI are generally more than 90% protein bound* 
even slight displacement of the drag from its binding 
sites can result in toxic concentrations. Increased hepatic 

clearance of die unbound drug may ultimately* however* 
counter Increased PDC. .and the risk of toxicity may de¬ 
crease as steady-state concentrations ore reached. Most 

drag interactions involving protein binding also involve 
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competition for albumin-binding sites because albumin ns 

the most common binding protein, particu I arly for weak 
acids Lipoproteins, globulins I increased with acute -phase 
protein increase), and, In a lesser extent, albumin bind 
weak bases (e g., hupivacaine. liducaiiie) (see Table 2-(i}, 
Use of drugs that alter drug disthbuiion it> peripheral 
organs can alter drug delivery to the organs. For example, 
drug therapy for the ctideal care patient may be ineffective 
if the patient is hypovolemic. Because blood How to the 
brain and heart are maintained, drug that might have been 
distributed to peripheral organs is distributed to these two 

organs, increasing their risk of toxu ity, In contrast, it 
should be expected that drug distribution to peripheral 
organs is likely to increase as the management of a critical 
care patient progresses and physiologic responses to shock 
and so forth are medically resolved. Rarely, drug inicrac- 
lions can occur at die tissue site. For example, drugs can 
compete with each other at tisxue^binding sites. Qumidinc 
increases dsgoxin toxicily because it displaces digoxin from 
cardiac tissues; in contrast, hypokalemia facilitates binding 
of digoxin to cardiac tissue, thus enhancing digoxin card lev 
toxicity, 

Mctibolbun 

Phurinacokinelic drug interactions frequently alter the me 
label is rn of a concurrently administered drug (Table 2-7) 
(Hostetkr et at, 1988: Ohnhaus et al., 1983; Bresnick, 
1982; Snyder and Remoter. 1979; Schen kmati and Kupfrr. 

1982) When administering a drug metabolized by the liver, 
it is wise to anticipate a drug interaction if a second drug 


Table 2-7. Exa mples of Inducers and Inhibitors of Drua 

Metabolizing Enzyme* 
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also metabolized by the liver is added to therapy. Most of 

lilt 11iici ul cii-1 in i juali fruru modulation of hepatic (phase I) 

drug metabolizing enzymes Many drugs induce enzyme 

activity Csec Table 2-7), The- rate ol metabolism and clear¬ 
ance of concurrently administered drugs that are metabo¬ 
lized by the liver may ihus be increased. Some drugs arc 
capable of both induction and inhibition. The usual sc- 
q.iekie ol enzyme induction are increased clearance and 

decreased pharmacologic response. However, toxicity may 
be enhanced because of increased production of a toxic 
metabolite, or, in the case of pro-drugs. increased ammints 
of pharmacologically active dreg are formed. Enzyme in 
duciion is probably important in the pathogenesis of hepa 
totoxicity induced by several dregs fe,g„ anticonvulsants) 
and in the therapeutic failure that accompanies some drop 
(e g , EUHiconvuisiinis), Several days to weeks of drug ad¬ 
ministration generally are required foi induction to occur. 
Induction is usually accompanied by increased hepatic 
RNA and thus protein synthesis, and an increase in hepatic 
weight. Ptienohorbilal is one of the .most potent microsomal 
enzyme inducers known and can enhance the hepatotoxic- 
ity of other hepaUXoxic drugs. Likewise, it increase* the 
formation of and response to pro-drugs arid decreases the 
effects of itself and other drugs metabolized by the liver 
to clearance of these drugs is increased (Pond, 1985; Ves- 

sey, 1982 : Griffin and D'Arcy, 1979 ), 

Drug-induced enzyme inhibition (see Table 2-7.1 may 
also occur, although it may not be as clinically signibcant 
as induction (Nctter, I9H2». Generally, clearance of a con¬ 
currently administered dreg metabolized by the liver is 
prolonged. The potential for toxicity or for an exaggerated 
pharmacologic response is increased. Pro-drugs (eg . ena- 
Isipj il, primidone J arc less Jikdy to be activated. In contrast 
to induction, inhibition may occur rapidly, Often inhibition 
reflects competition for the same metabolic enzymes. 
ChlortunplicniLoL and cimciidmc are examples of potent 

microsomal enzyme inhibitors (Pond, 1985; Vessey, 1982; 
Griffin and D’Arcy 1979}. Coudministralion with poten¬ 
tially toxic drugs that are also metabolized by the liver 
should be done cautiously. Rttof mated qu mol ones such as 

enroftoxacin can increase theophylline plasma conceutra- 
tiotrv to toxic levels, presumably due to impaired hepatic 

clearance of theophylline (Pond. 1985; Vessey, 1982; Grif¬ 
fin and D'Arcy, 1979). Ketoconazok impairs the hepatic 
elimination of several drugs, Alcohol and 4-meihylpyrazole 
competitively inhibit alcohol dehydrogenase, the drug me¬ 
tabolizing enzyme that converts ethylene glycol to its lethal 

metabol 3 te. 

Drug-induced inhibit too of dreg metabolism can be used 
for therapeutic benefit. Ketoconazok might be used to 
decrease the clearance (and thus the dose and cost) of 
cyclosporine. Enzyme inhibition has been used clinically 
for cals suffering from acetaminophen toxicity. Because 
acetaminophen is metabolized hy phase 1 enzymes to a 
toxic metabolite (which overwhelms glutathione scaveng¬ 
ing activity I, cimetuline might be used to decrease the 
production of the potentially fatal toxic metabolite. The 
combination of cilaslatin with imipenem is another exam 
pie of drug inhibition used therapeutically; Glad atm inhib¬ 
its renal tubular drug metabolism of imipenem. thus reduc¬ 
ing its hepatotoxicity while prolonging its drug elimination 
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half-life, Nutrition. sex* age* and other factors can influence 
how drug metabolizing enzymes respond to drugs. 

Drug clearance may also be affected by drugs to 
change hepatic blood flow. This interaction is significant, 
however, only for drugs that are characterized bs extensive 
and rapid hepatic clearance (e,g, T propanol, Lidocainc) and 
probably is not clinically relevant at this time. 


Excretion 

Pharmacokinetic drug interactions may alter urinary excre¬ 
tion due to changes in glomerular filtration, competition 
between the drug for active tubular secretion, nr both. 
Competition for carrier proteins responsible for active tubu¬ 
lar secretion usually involves acidic drugs (Table 2-8). 
Probenecid is still occasionally used to prolong the elimina¬ 
tion of m expensive penicillin because it competes with 
the penicillin lor a carrier protein. Renal excretion may 
also be affected by drugs that alter urinary pH and tubular 
reabsorption Changes in urinary pH conducive to forma- 

tion of a greater proportion of un-ionized drug fe.g,, an 

acidic urinary pH and an acidic drug) encourage* tubulin 

reabsorption of a drug, thus decreasing its clearance and 

prolonging its elimination half-life (Table 2-9) (Pond., 
1985; Vessey, 1982; Griffin and D‘Arcy, 1979). For exam¬ 
ple, overdosing of some drugs (eg., aminoglycoside or 
strychnine poisoning) can be treated by hastening elimina¬ 
tion with urinary aridifiers. 


Pharmacodynamic Drug Interactions 

Pharmacodynamic drag interactions occur when one drug 
directly alter* the chemical or physiologic response io 
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another drug (Table 2-10), Pharmacodynamic interactions 
can enhance the response of a drug due to additive or 
synergistic effects at die same receptor (e.g . the permissive 
effect of glucocorticoids on (3-adrenergic receptors); m 
an intracellular site (e g., epinephrine and theophylline in 
bronchial smooth muscle), or at different sites but with The 
same physiologic reaction leg., hypokalemia induced by 

cardiac glycosides and diuretics; many interactions of anti¬ 
biotics), Pharmacodynamic interactions may decrease the 
response oi' some drugs due to competitive antagonism at 
the same receptor site (e.g., atropine and anticholinesterases 

or atropine and metoc lopramide) or due io antagonistic 
responses medialed at distant but physiologically related 
sites. Antagonistic pharmacodynamic interactions have 

been used therapeutically: oxymorphone reversal with nal¬ 
oxone; ami xyl&zine and other chemical sedative reversals 
with totazotine or yohimbine. 


Table Ml Examplss of Pharmacodynamic Drug Intel actions 
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The most familiar pharmacodynamic interactions are 
probably those that act in an additive m synergistic manner 

to augment response to a drug, Augmentation can occur 
through different mechanisms; of action (Lc., controlling 
vomiting by combining a drag active at the chemoreceptor 
triggering zone with a drag that act- peripherally; control¬ 
ling seizures by combining phenobarbita I with bromide; 
controlling tachycardia by combining diJiiazem wnb tli- 
goxinL Less commonly, augmentation may occur through 

similar actions tit a receptor site; mure often, drugs will 

compete with one another at the same receptor Urns re¬ 
sulting in antagonism. Unfortunate I y* we often lorget that 
if the desired pharmacologic response is augmented by 
drug combinations, often the adverse reactions to the drugs 
are also augmented. For example„ drugs that impair renal 
prostaglandin synthesis teg.* NS A IDs, angiotensin-con¬ 
vening enzyme i inhibitors, aminoglycosides! should be 
used in combination cautiously because their combi nation 
increases the risk of renal failure. Likewise, ulcerogenic 
drags (NSAIDs, glucocorticoids) enhance the risk of gas¬ 
trointestinal ulceration when used in combination. 

Pharmacodynamic interactions may decrease the re¬ 
sponse to a drag due to competitive antagonism at the 
same receptor site. Most commonly* these actions are desir¬ 
able and are frequently the target of combined drug ther¬ 
apy; atropine to treat organophosphate toxicity; reversal 

agents for opioids and anesthetic agents,. Antagonistic phar¬ 
macodynamic responses can also occur through different 
receptor sites or different mechanisms. The combination of 
a “bacteriostatic" antibiotic with a ' bactericidal" antibi¬ 
otic might be considered as an example Also, the proki 
nctie effects of cisapride and metoclnpramtik are prevented 

by anticholinergics; die effects o| raeralfate are reduced in 

the presence of high gastric pH induced by amisccrciory 
drug: and calcium-containing solutions should noi be com¬ 
bined with blood or bkiod components because the losx of 

anticoagulant effects increases the risk of micrmhrombi 
formation in die (ransfused blood. 



The diseased patient ft more likely to react adversely to a 

drug Although such reactions Occasionally reflect disease- 

induced differences in receptor number or sensitivity* most 
often they reflect differences in drag disposition The dos¬ 
age regimens recommended for a pharmaceutical prepara¬ 
tion generally arc based on controlled studies in the normal* 
healthy animal. Drags are most frequently* however* ad¬ 
ministered to the diseased patient. Pathophysiologic 

changes in most body systems can alter all phases of 

drug disposition, predisposing the pattern to adverse drag 

reactions The sequelae of disease m drug disposition 
usually lead to increased PDCs and thus to a greater poten¬ 
tial for adverse drug reaction*, Occasionally, however* 

PDCs are tower than anticipated* and therapeutic failure 
may occur. Diseases most likely to contribute to adverse 

drug reactions are those affecting die kidneys, liver* and 
heart. Less significant effects accompany gastrointestinal. 

pulmonary, endocrine, and metabolic disorders. 



Drag losiciiy in renal failure may result either from in¬ 
creased sensitivity to the drug dm to uremia-induced alter¬ 
ation* in tissue receptors oi from dec reused or increased 
PDCs caused by disease-induced changes in pharmacoki¬ 
netics. The latter have been best characterized (Bracer and 
Cbennavasin* 19R5: Stem, 1983: Riviere, 1984; Carlson 
and Kaneko, 197I t (Table 2-1 Ik 

Renal blood flow js often profoundly decreased in pa- 

tii-nfx with renal disease, Changes in glomerular filtration 

and tubular secretion tend to parallel changes in renal Wood 

flow. The effects of changes in renal blood flow (usually 

decreased) on drug, excretion are most profound if renal 
extraction of the drug ft high (eg** penicillins. sulfates, 
and glucuromde conjugates) bin are less significant for 
drags (hat are slowly extracted (c.g,. aminoglycosides* di¬ 
uretics, dignxin), 

Glomerular filtration nf drags and other Lompoumft ft 

a Ic► adversely affected in renal disease independent of 
changes m renal blood flow. The determinants of glomeru¬ 
lar filtration include protein binding* glomerular integrity* 
and the number of functional (filtering) nephrons. The 
molecular size of the drug is also important because drugs 

with a molecular weight greater than approximately ‘0,000 
usually cannot be filtered. Drugs that are tightly protein 
bound (such as NSAlDs) are not tillered until they are 
displaced from the protein. Factors that tend U> displace 
such drugs from protein-binding site* may increase the rate 
of drug excretion in renal disease and include hypoalbumi 
nemia, competition for prow in- binding sites due to accu¬ 
mulation of uremic toxins* or changes in the conformation 
and thus binding affinity of the protein fe.g * albumin) 
Changes in protein binding that have been measured in 
renal disease include decreased binding of acidic drugs 

■ ■ ; j| h i mm c»j 

fe.g., furosemide, NSAlDs, and selected penicillins and 
anticonvulsants) and normal or increased binding of bask 
drags due to increased concentrations of inflammatory pro¬ 
teins (e.g., propranolol* diazepam, prazosin). 

Although changes in active tabular ^absorption that, 
may accompany renal disease probably do not profoundly 
influence the rate of drag excretion, changes in active 
tubular secretion can be significant. Active tubular secre- 


fable 2 - 11 . Examples of Drugs Character uetl by Changes in 
Drug Disposition in Patients w«h Renal Disease 
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lion occurs in ih c pars recta (straight segment) of the 
proximal tubule. A transport s\ stem exists fur a variety of 
Ofgiiniv adds (eg,, penicillins cephalosporins, NSAIDs, 
suIfonamklcs„ and several diuretics) as well as bases (e.g„ 

cimctidinc, procainamide, and some morphine derivatives). 
Distal nephron at;live transport may also be important for 
some drugs teg., dtgoxin) Excretion of these drugs is 
must Likely to he dec revised in the presence of renal disease 
due to decreased nephron mass, decreased renal blood flow, 

and decreased tubular function. 

In addition to these changes, renal disease can also alter 

drug disposition because of changes in electrolyte, acid- 
base, and fluid balance. Changes in electrolytes and acid 
base balance may also be important m altering receptor 

sensitivity 10 drugs, such as those affecting the cardiovascu¬ 
lar system te g., hyperkalemia and its effects on responses 
to digitalis, qtiinidine, and procainamide). 

For dregs whose elimination depends on renal function 
and whose clearance is known to be decreased in renal 
disease (see Table 2 Ilk dosing regimens can be appropri¬ 
ately altered to reduce the incidence of adverse reactions 

(Riviere, 1984), Either serum creatinine or creatinine dew• 

ance is generally used To estimate glomerular filtration 
rate: however, because of its ease of roeasurctneni. scram 
creatinine r most commonly used. Decreases in the renal 

elimination of a renally excreted drug lend to parallel 

increases in serum creatinine, and dosing regimens can be 

altered by cither lengthening the dosing interval or decreas¬ 
ing the dose by a proportional decrease in creatinine clear¬ 
ance tjr the increase in serum creatine: 


New dose ■ old dose X 


k .’_ 


normal CfCl 


or X 


normal Cr 
ptQ 


New interval 


old interval x 


x 


p* Cr 


normal CiQ 
ptCrCI 


or 


normal Cr 


where pi is patient, Cr is creatinine, and C re I is creatinine 
1 1 ear.! rice For example, if a patient has a scrum creatine 
level of 2.5 mg/dL (normal i* l,2k a dosing interval for a 
drug green every 12 hours would lx*- prolonged to every 
24 hours, or the dose of 2 mg/kg could be reduced to 1 

mg/kg. 

The parameter of the dosing regimen that should he 
altered depends on the drug. Lengthening the interval re¬ 
sults in wider swings in PDCs during a single doting 
interval and thus may not be desirable foe antimicrohial 
therapy or anticonvulsant or cardioactive drugs that depend 
on maintenance of a minimum drug concentration within a 
specified therapeutic range. Thus, decreasing the dose may 
be more appropriate for these drugs. For drugs with a long 
elimination half*life or for drugs whose effects persist in 
the absence ot detectable drug fe.g selected antibiotics, 
glucocorticoids. nonsteroidal agents), however, it may lx 
more appropriate to prolong the interval. For example, 
gentamicin's efficacy depends on a high PDC, Safety is 
based on allowing PDFs to fall below a recommended 
trough concentration. Thus, prolonging the interval is more 
appropriate than lowering the dose for gentamicin. As such. 


for a patient with a scram creatine level of 2.5 mg/dL 
(normal is 1,2k a dosing interval for gentamicin of every 
12 hours would be prolonged to every 24 hours, but the 

old dose would fee. given. For other drugs (c.g., a potentially 
toxic ^-lactam antibiotic), the dose might hi s decreased by 
50#. but the old interval is used. 


Hepatic Disease 


The efficiency of hepatic elimination is determined by 
hepatic clearance and by the hepatic extraction ratio of the 
drag (Wilkinson and Shand, 1975; Wilkinson and Branch. 
.1984: Ahmad ct ah, 1983; Boothe. 1995) Both, in turn, 

depend on hepatic blood flow, the extent of drug protein 
binding, and intrinsic hepatic clearance, which itself con¬ 
sists of hepatic uptake (the rate-limiting step of hepatic 
clearanceJ. 5niracellular transport, metabolism, and. if ap¬ 
plicable, biliary elimination. Drugs that are eliminated by 

the liver can be categorized based on their rate of extraction 

(Williams. 1984k FitrwJtmiud drugs <e.g. t hdocaine, pro 

pranolol, and verapamil) are so rapidly extracted by the 

liver that their rate of elimination depends only on the rale 
at which ii is delivered to the liver (e.g , hepatic blood 
flow) Such drags are insensitive to changes in hepatic 

metabolism but are very sensitive lo changes in hepatic 

blood flow, Capm iry-iimited drugs (e.g., diazepam, ptvdni- 

sokmc. phenylbutazone, phenytoin. theophylline, cimeti- 
dine, and antipyrinc) are extracted slowly by the liver, and 
their elimination depends on hepatic uptake and metabo¬ 
lism hid is independent of hepatic blood flow. The elimina¬ 
tion ot such drags re affected by changes in hepatic metabo¬ 
lism hit not by changes in hepatic Mood flow, Some 
drags are intermediate, being partially dependent m hepatic 
blood flow and hepatic metabolism (Williams, 1984; Wil¬ 
kinson and Branch, 1984). 


Protein binding can affect the elimination of some of 
these drags because only unbound drag can 'be extracted 

by the liver Flow-limited drugs tend to be binding inseniti* 
lire in that hepatic extraction is so fast that binding to 
proteins does not alter their rate of elimination. Some 

capacity-limited drugs* are not significantly protein bound 

and thus ore ,-dso binding insensitive fe.g,, anlipyrine). in 
contrast, some capacity-limited drugs are binding sensitive 
(e.g, theophylline, phenytoin) because ihcir slow title of 

extraction can fee increased by decreasing or increasing, 
respectively, protein binding (Blashkc and Rubin, 1989a). 
The effects of hepatic disease on drug disposition are 

vcry complex, particularly for drags that are affected by 
changes m hepatic blood flow, hepatic metabolism, and 
protein binding (Table 2-= 12) (Williams. 1984; Wilkinson 

and Branch. 1984). Each of these parameters may 'be al¬ 
tered lit various ways in patients with liver disease. Hepatic 
blood flow is generally reduced in chronic liver disease 
The presence of portal-systemic shunts contributes to re¬ 
duced Mood flow In addition, intrahepatic shunting of 
blood flowing through the liver reduces drug delivery past 
functional hepatocylex. Thu%, the clearance of highly ex¬ 
tracted drugs b generally reduced in putiertis with liver 
disease. Plasma and tissue drag concentrations are mart ■ 

edly higher when dosing regimens arc not appropriately 

altered. This is particularly important for highly extracted 
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drugs w hen They arc administered orally.. The dose of such 
drugs (e g propranolol. verapamil, prazosin, morphine de¬ 
rivatives) in the presence of normal hepatic blood flow 
is based on decreased hiuuvai Lability due to "first-pass" 
ejLiraclion: A large percentage ot the dreg does not reach 
systemic circulation bccau.sc it is removed from portal 

blood by the liver the first time it passes through the liver 

Decreased hepatic blood flow and mtrahepatic shunting of 
blood cun markedly increase systemic bioavailability of 

such drugs tilashkc. 1989), Recent studies in human pa¬ 
tients with liver disease suggest that the intrinsic metabo¬ 
lism of highly extracted drugs % also reduced in patients 
with liver disease In huti ion patients with liver disease, the 
dose of many high!) extracted thug-’ is reduced by 50%; 
such Em approach is probably rcasoimble for the veteri¬ 
nary patient. 

The effect of liver di wave or, poorly extracted (capacity 
Limited) drugs is more difficult to predict, particularly for 
drugs highly protein hound. Generally, hepatic metaholism 
is reduced in patients with liver disease. Disease i> gener¬ 
ally guile profound, however, by the time changes in dine 

disposition become evident. The severity of disease is 
manifested as a decrease in serum albumin and blood urea 
nitrogen levels (but not necessarily increased bilirubin), 
'['bis has been shown by studies that have measured the 
clearance ot amipy hire and caffeine, which are capacity - 
limited, binding-sensitive and -insensitive drugs, respec¬ 
tively, in dogs with experimentally induced liver disease 
f Boothe et sil1992. 199*1), Because elimination of these 
drugs depends entirely on hepatic metabolism, their clear¬ 
ance might be used us a hepatic function lest. Because 

their elimination does not necessarily correlate with the 
elimination of other drugs that also depend cm hepatic 
clearance, however, they are nor yet used to predict changes 


in dosing regimens for the patient with liver diwa.se Ret 
ommendmions regarding dosing regimens for drugs not 
highly extracted by the liver thus are difficult to make for 
the patient with liver disease, in part because there is no 
simple test that wi!) assess or quantitate hepatic function 
(Morgan anti Smallwood, 1989; Puulsen and Loft. I9HH: 
Boothe, 1995; Boothe et ah. 1922, 1904; Van Thiel aihJ 
Hassenein. 1995). In general, clearance of capacity-limited 
drugs, is probably not impaired in patients whose scrum 
albumin and blood urea nitrogen levels are within normal 
limits. Common sense dictates, how-ever, that discretion be 
used when administering potentially toxic drugs that <k 
pend on hepatic clearance for elimination. 

Diseases of the biliary tract alter the disposition of drugs 
eliminated through the bile. This route of elimination is 
complex, however, with drugs being eliminated in feces 
and undergoing cnlcruhcpalic circulation. Characterising 
these changes is difficult without catheterization of the 
biliary duct, and recommendations are very difficult to 
offer. Cholestasis decreases the content or activity of cyto¬ 
chrome P450 drug metabolizing enzymes and thus can 

affect the elimination of drugs that arc not secreted so bile 
fRollins. 1984; Kawata et uL 1987). In general, doses of 
drugs eliminated principally in the bile should be reduced, 
particularly if the drug is charibclerized hy a narrow thera¬ 
peutic window. Examples include selected antibiotics Ida*- 
ycycline and clindamycin), digi toxin, and naproxen. 

The effects that changes in protein binding may hive 
on hepatic drag clearance contribute to the unpredictable 

nature of liver disease-induced changes in drug disposition 
(Blashke and Rubin 1989; Evans et al„ 1973; Belpaire el 
a| H 1987), Decreased protein binding of drugs that may 
accompany liver disease (i.e., due to decreased synthesis 

of albumin, competition lor binding, sites by endogenous 
compounds, or changes, in conformation of the binding 

she) may increase hepatic clearance and thus compensate 
for reduced hepatic metabolism. Increased binding may. 

however, also occur particularly for basic drags (e,g., lido- 

came) due to increased production of acute-phase proteins, 

which may have the effect of decreasing clearance. 

Changes in protein binding will also affect drug distribu¬ 
tion. Protein binding decreases ihe amount of drug that 
distributes to peripheral tissues. Drug distribution in the 
patient with liver disease will be further complicated by 
the effects of fluid, electrolyte, and acid*base imbalances, 

which are also likely to occur For example, an ascitic 

compartment may lead to overdosing if a patient is not 
dosed based on lean body weight and ihe drug does not 

distribute to the ascitic compartment, winch may constitute 

up to 30 % of body weight (Fig, 2=1), 



Cardiac disease profoundly affects drug disposition (liable 

2-13), Primary or cumpcnsauiry disturbance* that fowl to 
altered drug disposition include renal sodium and water 
relent ion* increased pul monaty and systemic vemnis pres¬ 
sures, and increased -ympatheiw nervous system output 

(Benowitz, 1984). Sodium and water retention can cause 

profound, changes in drug distribution due to changes m 
the size* of body c^mipartments In addition, increased 
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sympathetic outflow results in redistribution of blood flow 
such that the heart and brain receive a higher proportion of 
blood and thus are exposed lo more drug. Because other 
tissues, particularly skeletal muscle, represent a large vol¬ 
ume to which drug is normally distributed, reduced distri¬ 
bution of drug to these tissues results in even higher PlX's 
in blood going to the heart and brain llius, the heart and 
brain arc more susceptible to toxicity. Central nervous 
system and cardiac toxicides lo Lidocaine and cardiac toxic¬ 
ity to digoxin have been described in some patients with 

cardiac disease, these toxicities have been attributed to 
blood redistribution* which accompanies cardiac failure. 

As cardiac output decreases, reduced blood flow to the 
kidney and liver will have profound effects on clearance 
of drugs through cither of these organs, Reduced blood 
flow reflects in part redistribution mediated by sympathetic 

out pul. As cardiac disua.se progresses* however, decreases 

in blood How to both the liver and kidneys parallel de¬ 
creases in cardiac output. The effects of decreased hepatic 


Table 2-13. Drugs Characterised by Changes in Drag Disposition 
in Patients with Cardiac Disease 
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blood flow on drug elimination depend on the drug: as 
with liver disease, hepatic clearance of How-limited drugs 
may be profoundly decreased In the kidney, sympatheti¬ 
cally mediated intrajenal redistribution of blood fron t corti¬ 
cal to juxtaglomerular tubules increases the likelihood of 
tubular reabsorption, which prolongs drug half-life. 

Tissue hypoxia and decreased delivery of nutrients lo 

the kidney and liver also contribute to decreased clearance 
by these organs. The metabolic capacity of (he liver is 

reduced; thus, clearance of capacity !muled drugs is im¬ 
paired Similarly, renal tubular function is impaired. 

Drug absorption may be impaired in the patient with 
cardiac disease. This is particularly true for parenteral!y 
administered drugs. The rate of absorption is more likely 
to be impacted than the extent of absorption; hence peak 
concentrations may be less, although the estem of drug 
absorption may not be affected, Redistribution of blood 
away from skeletal muscle and skin decreases the rate 
of drug absorption after intramuscular and subcutaneous 
injections. Autonomic disturbances, consisting of increased 
sympathetic activity and decreased autonomic tone, tissue 
hypoxia, and mucosal edema may decrease both the rate 

and the extent of gastrointestinal absorption. Decreased 

blood flow to the intestinal vdlus may potentially decrease 
absorption of drugs that are normally very rapidly absorbed 
from the gastrointestinal tract. Finally, the effects of cardiac 
disease on Nepalic clearance of flow-limited drugs and thus 
on systemic bioavailability of orally administered drugs 
must be considered. 

Several recommendations can be made for administering 
drugs to the patient with cardiac disease. 


should be administered intravenously 
because absorption from ail other routes is limited 

2. Drugs that are toxic (particularly to the brain and 

administered intravenously 
(he., administer over 10 Lo 30 minutes). 


heart> should not be rapidly 


I. Critical drugs 


3. High drug concentrations resulting from redistribu¬ 
tion should he compensated for by decreasing loading 
dost). 

4. Maintenance doses of selected drugs cleared by the 
liver, kidney, or both should probably be lowered, although 
predicting which drugs and how much is difficult. Thera 
peutic monitoring should be used U> guide alteration of 

dosing regimens whenever possible. 


Thyroid and Other Diseases 


Roth hyperthyroidism and hypothyroid ism can profoundly 
affect drug disposition, although The manner is unpredict¬ 
able lEichelbaum, 1976]. The effects thus far involve me- 
La bo I is nr In human patients with hyperthyroidism, die ac¬ 
tivities of some cytochrome P45Q enzymes (e g,, 
hydroxy lotion ) arc increased, while those of others ie,g., N- 
de methyl ationl are decreased, In rats in which hypothyroid 
dicease had been induced, enzymes that act as cofactors 
were increased. Thyroidcctomized animals have a general 
decrea.se in drug metabolism, although (he sequelae are not 
alwa>s predictable. The effects of thyroid disease on drug 
disposition also depend on sex, with male rats having a 
general decrease in cytochrome P450 enzymes. The dim cal 
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sequelae of changes in drug disposition induced by thyroid 

iWase are not well destnhed in scieniiSc studies alfhnugli 

several examples are provided vn the human literature. 
pFgoMri doses necessary to induce a clinical response are 
in genera! irKreused for patients with hyperthyroidism, 

whereas smaller doses than normal arc needed for patients 
with hypothyroidism, interestingly* propranolol clearance 
is decreased in cats with hyperthyroidism (Whittem, 1996). 
Diseases of other body systems can also dramatically 

alter drug disposition. For example* gastrointestinal disease 
{such as chronic inflammaiory bowel disease) alters absorp¬ 
tion of orally administered drugs (Nimmo, 19761. Diseases 
of any system may alter the response of that system to a 
drug, Nutrition also can alter drug metaholizing enzymes. 

The effects of disease, regardless of the system* on drug 

absorption, distribution, metabolism, and excretion are very 

complex, often subtle, and very difficult to predict. Finally, 
as therapy becomes successful and the clinical signs of 
disease resolve the sequelae of disease on drug disposition 
also resolve Therapy once again may need to be adjusted 
as the animal responds, 

PHYSIOLOGIC FACTORS 

Age-Induced Differences 


lion) of drugs (see earl let dtsuivxion) (Bcnowii/, 1984; 

A worn. 19891. These duaga mh M la difter (temped 

(i.e,, altered absorption and distribution) or increased (i.e., 

altered distribution* metabolism* or excretion) plasma and 

thus tissue drug concentration (Ritschel, 1988; Aucoin, 

1989), As cardiac Junction decreases, secondary compensa¬ 
tory responses can lead to further risks of adverse reaction 
IAucoin* 1989). Blood flow is preferably redistributed to 
tire brain and itean. increasing die risk of toxicity of drugs 
toxic to these tissues. 


Central and Peripheral Nervous Systems An the geri¬ 
atric patient ages, brain weight and peripheral fiocr num 

bers decrease. Connective tissue infiltrates peripherally 

(Ritschel, 1988). Oxygen consumption and cerebral blood 
flow decrease In addition, decreased amounts of selected 

neurotransrmtiers have been documented 


Respiraiory In human geriatric patients, residual lung 
volume decreases by 50* £ with accompanying decreases in 
vital capacity, arterial Ps> . and maximum oxygen uptake. 
In addition, the central response to hypoxia and hypercap¬ 
nia, such as that induced by opioid analgesics* decreases 
(Ritschel, 1988). Anesthetic or other sedating agents must 

be used more cautious! y« 


Drug Disposition in the Geriatric Animal 

This discussion focuses m some of the clinically important 
changes that are likely to alter response to drug therapy in 
geriatric patients and on actions that can be implemented 
to compensate or reduce the sequelae of these changes. 
Two major areas of concern are changes in pharmacokinet¬ 
ics (gerantnk inches) or drug disposition stud changes in 
pharmacodynamics or tissue response to drugs (Massoud. 
1984 Ritschd, 1988; Feely and Coaktey, 1990). The latter 
concern will focus on both the potential for reduced re¬ 
sponse n> analgesic drag therapy i i e.. therapeutic failure) 
and the increased likelihood of drag-induced toxicity. 

The age at which body functions convert from a period 

of growth to a period of decay {16 to 18 years in humans} 

Has rtoi been established in dogs and eats. Although humans 
are considered to have reached "old age’’ until 80 
years nf age, no age has been generally recognized lo 
reflect '‘geriatric" in dogs .uni cars The age probably 
differs among canine breeds. Aging is accompanied by 

permanent loss of up to 30*5 of body cells, with a parallel 

loss in oxygen consumption. Body composition changes as 
do regional blood flow rates. Physiologic function* gener- 

ally decline steadily with increasing age. In humans, basal 

metabolic rale decreases hy 0.49f- per year (Ritschd, 1988). 
Changes in individual body systems- ih.il might be im¬ 
portant to drug therapy include the follow mg. 

Cardiovascular As animals age* cardiac output de 
creases with an increase in circulation transit time. In 
humans, cardiac output decreases by about I t per year for 
3 total decline of 30% To 4U% in the aged. Regional and 

organ blood flow rates similarly decrease (Ritschel 1988) 
These changes are likely to induce changes in the disposi¬ 
tion (i C-. absorption, distribution* metabolism* and excre- 


(iaslminteslinal As animals age. deglutition decreases 
due to decreased salivation and to pharyngeal and esopha¬ 
geal motility. Gastric function is characterized by atrophy 

of the mucosa with a reduction of hydrochloric acid scene - 
(ion and a subsequent increase in gastric pH. Gastiointesib 

nal motility is generally reduced. The intestinal macro villi 

and microvilli also atrophy, increasing the risk of bacterial 

overgrowth, These sequelae tend to reduce the absorption 

and thus the PDC of orally administered drags. Changes in 
gastrointestinal function may also predispose flic geriatric 
patient to adverse affects induced by toxic drugs such its 
chemotherapeutic agents and NS All) analgesic*. NSAIDs 
should be used cautiously; the clinician should anticipate 


and be prepared to treat toxicides (e.g , NSAID gastnoulcer- 
atio« with antisecretory drags (eg., omeprazole)* misoprm- 
to I (a prostaglandin K, analogue i. and sucralfate. 


Hepatic Changes in hepatic function are important to 
the geriatric animal because of the liver's role in the metab¬ 
olism of drags (Sheaker and Bay, 1994) Hepaincyie num¬ 
ber and function decrease a> do hepatic and splanchnic 

blood flow, hepatic oxidation, and cytochrome P450 con¬ 
tent (the primary drug metabolizing enzyme). Both flow- 

limited and capacity-1imilod drugs are affected. For exam 

pie. hepatic clearance of both opioid analgesics (which arc 
characterized by lint-pass metoholi&m: i.e,, flow limited I 
and mipstvroidai analgesic* (eliminated principally by he¬ 
patic metabolism; i.e„ capacity limited) is decreased in 
geriatric pal rents. Increased response of human geriatric 

palicnis to opioid analgesics they require 6fKfc to ?5 4 I 

less drag than a younger patient—has been attributed to 
changes in drug elimination {Fuck. 1991; Ritvchel* J988; 
Woriaman ct at.. 1989) Changes in hepatic function oxy¬ 
genation* and nutrition may also predispose the liver to 
drug-induced hepaloloxicily. Because of reduced hepatic 
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function. the geriatric patient may be less able to generate 

endogenous hcpaloprolectMil agents. 


Irinarv As renal blood flow decreases, the glomerular 
filtration rale and active secretory capacity of the nephron 
unit progressively decrease 1 with age. Both result in a si mi* 

lar decline in renal clearance. Renal excretion is the major 
route of elimination of many drugs. Changes in renal clear¬ 
ance tend to prolong the elimination and thus increase 

PIX's in the geriatric patient. Changes in renal function 

also render the geriatric patient more susceptible to adverse 
drug reactions such as those induced by aminoglycosides, 
angime ns In-converting enzyme inhibitors, and NSAID an¬ 
algesics. 


Body Weight and Coni posit ion Lean body mass de 


creases as fatty tissues increase (Fig. 2 2l. In human males, 
lat increases from about !8*3f m young adults up to 50% 
in the aged iRitschel. I9HK) Increased proportion of bods 
fat iv accompanied by a decrease in total body water and 

cell masv Although extracellular fluid does not change m 

total amount, the relative proportion of total body water 
that it comprises increases. Thus, the proportion of iniracel 

luhr to extracellular fluid decreases. The sequelae of these 
changes depend on She drug* A* distribution of water- 

soluble drugs decreases with total body water, PDCfl tend 

to increase. The distribution of lipid-soluble drugs increases 

as the proportion of body fat increases, however, tending 
In decrease PDC’s unless tin 1 patient is dosed on total 
body weight. 


Serum Vltiimiin Although loud serum plasma protein 
content probably remains the same in the geriatric animal, 

the proportion represented h\ albumin decreases and that 
by gamma globulins increases. Changes in serum albumin 
can be clinically important to patients receiving highly 


protein-bound drugs, such as NSAll>s, IXcrcasesl albumin 
can result hi a greater proportion of free drug: Most 
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NSAIDs are close to 99% protein bound, A decrease of 
only I% (i,e M 99% to 98% binding! doubles the conccntra- 
lion of a pharmacologically active drug. The sequelae of 
increased PDC may be offset by a compensatory increased 
clearance* because only unbound drugs are generally con¬ 
ducive to hepatic or renal clearance. 


Receptor Sensitivity Geriatric patients respond differ¬ 
ently to some drugs, suggesting that tissue receptor sen si* 
miiv to the drugs is altered. Changes in receptor number or 
responsiveness have been implicated but hol Jis-umented 
(Ritscbel. 1988; Fecly and Coaklcy, 19901. Physiologic 
changes such as [thered ncurocransmittioii or intracellular 
constituents have also been suggested. For example, geriat¬ 
ric patients are less likely to perceive, appreciate, or ex¬ 
press pain. Thus, the need for analgesic therapy is often 
not detected. In addition, geriatric patients are less able to 
respond to many analgesic drugs. 

Disease Aged animals arc more likely to be suffering 
from diseases lhat affect not only drug disposition but also 
tissue receptivity to drugs tWorkaman el al„ 1989), The 

immune system of the geriatric patient is not as effective 

as that of the adult (Schultz. 1984), leading to the use of 
bactericidal antibiotics and minimizing the use of iimmuno* 

suppressive drugs. In addition, the geriatric patient is more 
likely to he receiving multiple drugs, which increases the 
likelihood of drug interactions. Finally, diseases of selected 
organa may predispose these organs to drug-induced toxic- 

fey* 

Analgesics offer a gotxi example of drugs that must be 
used cautiously hy geriatric patienis, The doses of both 
opioids and NSAIDs should be decreased in anticipation 
of adverse effects. In human patients, opioid doses are 
reduced as much as 75% in geriatric patients For NSAID 
therapy, anti secretory drugs, misoprostol, or sucralfate 
should be considered as “protective" for geriatric patients. 


Pru|* DisjMfcittiuti in the Pediatric Animal 

With regard to dogs and cats, pedititrk generally refers to 
the tirst 12 weeks of life (Robinson. J983). Important 

developmental changes occurring within this time spec¬ 
trum, however, justify further staging into neonatal (0 to 2 

weeks), infant 12 to b weeksj. and pediatric {h to 12 weeks) 

periods of growth Changes associated w ith each of these 
periods cause accompanying changes in drug disposition, 
ihus tendering the pediatric patient more susceptible to 

drug-induced adverse reactions. All four determinants of 
drug disposition <i,e., absorption, distribution, metabolism. 

and excretion) undergo dramatic changes as the neonate 

matures (Table 2-14) (Green and Mirkin, 1984: Boothe 
and Tanncrt. 1991). However, the clinical significance of 
these sequelae vary. 

Absorption After oral administration, most drug ab¬ 
sorption occurs from the small intestine. Because the sur¬ 
face aica of the small intestine is Ejicc. even in neonates, 
the extent of drug absorption probably does not clinically 
differ between normal pediatric and adult animals. The rate 
of absorption tends to be slower, however, probably due to 
decreased gastric emptying anil irregular intestinal peristal- 
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sis. As a result, peak PDCs may be lower in pediatric 
patients. 'The decreased rate of absorption might actually 
protect against losic drug concentrations (Hcimann. 1980: 
Rune and Wilson, 1983). These protective median i sms may 
not, however, be present in the neonate before absorption 

of colostrum. Poring this period, the permeability of the 
intestinal mucosa is increased along with the rate and 
extent nl drag absorption, Occasionally, drugs that nor¬ 
mal I \ are not absorbed from the gastrointestinal tract le g*. 

aminoglycosides, carbctiicillin and other acid-sensitive |J- 
lactams, and enteric sulfonamides) can reach systemic cir¬ 
culation Intestinal permeability decreases rapidly after the 
ingestion of colostrum (Gillette and Hiking. 1966; Rune 
and Wilson, l9H3k possibly due to endogenous release of 

hydrocortisone or iidrenocorticoiropic hormone. Exogenous 
supplemcutalioti of either of these hormones by the 24- 

hour prepartum mother prevents increased permeability and 

colostrum absorption in the neonate. 

A number of other factor; may alter small intestinal 
drug absorption in pediatric patients. Gastric pM is neutral 
in the newborn; adult levels are not reached omit some 
time after birth, depending on the species (Heimann, 1980; 
Gillette and Filkins, 1966). Increased gastric pH (achlorhy¬ 
dria) may decrease the absorption of many drags lhat 
require disintegration and dissolution or are lowed in a 
Jess acidic environment re.g., weak acids such us, penicil¬ 
lins). Milk diets tan reduce ding absorption by either 

decreasing gastric emptying or directly interacting with 

drags (eg., milk carl impair absorption of tetracyclines). 

The "‘unstirred water layer" adjacent to the surface area of 
the mucosal cells is thicker in die neonate than in the older 


pediatric patient ami may limit tlx rate of absorption of 
some drugs. As biliary function matures, the ahvxptiun of 
fa [-soluble drug:* (e.g., griseofulvin and fat-soluble vita¬ 
mins) increases Microbial colonization of the gastrointesti¬ 
nal tract may alter response to antimicrobial drugs, extrahe- 
paiic metabolism, or cntcrohcpatic cireulation (Morwili et 
nl.* I983;.|«ucs + 19871. 


Absorption from the rectal mucosa is rapid Rectal ad¬ 
ministration of drugs or fluids can he used for pediatric 
patients when venous catheterization is difficult. to reduce 
complications associated with iiuravcnous administration 
(e g , sedation or anesthesiak nr when oral administration 
is undesirable (e g., unliemeticsk Several pediatric drags* 

intended for systemic effects ore available a> rectal suppos 

uories. Limited dal a from human infants imlicale that peak 

plasma concemrat iiMts after rectal administration may be 
higher than SImivc obtained by other routes (MurteLli et 
aj" 1983). 

Abstirption ol drags administered parenicrally to pedioi- 
nc animals also varies from adults. The rate of absorption 
after intramuscular administration changes with age as 

muscle mass and m accompany mg blood flow increase 
and as va_wi»mutoi responses mature (MorselIi et .d,. 198.3). 
Recause muscle mass is small, subcutaneous administration 
is frequently preferred for pcdialric patients. Again, vari¬ 
ability in subcutaneous absorption rates can be- anticipated 
with age. Less fat but greater water may result in faster 
absorption compared with that in adults iShift me et aL 
1973k EnvironmeiUal temperature probably influences sub¬ 
cutaneous absorption, particularly in newborns whose ther¬ 
moregulatory mechanism is poorly functional. Cold envi 
ranmenis are likely to reduce subcutaneous drag ab'uxptioo 
if the neonate is not provided warmth. The same is true for 

the patient who is in a suite of hypothermia 1 ntrapcritoncal 

administration can be a life-saving route of blood and fluid 

administration, particularly for the newborn with inncccssi 

Me central veins Isotonic fluids are rapidly absorbed, and 
up to 70% of red blood cells are absorbed within 48 to 72 
hours (Authement et s*L 1987). Blood and fluids can also 
be administered into the medullary cavity of large bones 
(Fiscr, 1990; Hodge, 1987). 

Absorption of volatile anesthetics from the pediatric 
respiratory tract is rapid because minute ventilahon is 
greater iRobinson, 1983). Thus, young animals are more 

sensitive to the effects of gas anesthetics. Although not a 
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common route of drug ^ministration, percutaneous ab¬ 
sorption of drugs is likely to he greater in pediatric patients 
Percutaneous absorption is directly related lo skin hydra¬ 
tion, which is greatest in neonates. Topical administration 
of potentially toxic lipid-soluble drugs (e,g M hexachloro- 
phene and organophosphates» should be avoided., 


Distribution i he most important factors contnbuting 
to differences in drug distribution in pediatric patients are 
differences in body fluid compartments and drag binding 

to serum proteins, Btxly fluid compartments undergo pro- 
found changes with the growth of the neonate. Both the 
percentage of total body water and the ratio of compart¬ 
ments I volumes change with maturation. The percentage 
of total body water decreases with age. hut the decrease is 
more substantial in the extracellular versus the intracellular 
compartment (see fable 2—1J y (Sheng and Huggins. 1972), 

Daily fluid requirements are greater in. neonatal and pediat¬ 
ric patients, in part because a larger proportion of their 

body weight is represented by body water I Fig, 2-3). The 

sequelae of these body compartment differences depend on 
the normal distribution of the drug. Most water-soluble 
drugs air distributed to extracellular fluids. In pediatric 
patients, the volume to which these drugs is distributed 
is therefore higher than in adults: FTHTs correspondingly 
decrease. Thus, doses may need to be increased to avoid 
therapeutic failure. A different pattern might be expected 
for lipid-soluble drugs because they tend to he distributed 
to total body water Such drug* should be dosed on body 
weight (eg., mg/kg). Although decreased PDCs resulting 
from increased distribution may protect the pediatric pa¬ 
tient from potentially toxic drug concentrations tDavis et 
al., 1973b a poor therapeutic response may result from 

failure to generate therapeutic drug concentrations of water- 
soluble drugs, Changes in Ihe half-life of each drag parallel 
changes in distribution. Because many drags are distributed 
to a larger volume in pediatric patients, a longer half-life 
should be anticipated and the dosing interval may need to 

be prolonged. 

Because the proportion of body fat is smaller in pediatric 


Figure 2-3, The l.i^c head that ecu Jo* puJuiirk patients so efKfcahng 
cxcmplitic* (he larger component of body wdgtu represented hy l-\ irjsceL- 
lular Huai in ihii age group, lni'KMWsJ extnu/e tin I ju [luid and tnLmseJ 

[rHa] tnndy waleT liKmraw th< mlurrw ot dlwntmlim of mnW cJmcv, ihu* 

towering pldMiu drug ctmcemmtMKif, The elimination half-lives of mou 
drugs also will mtrrraxe, suggesting ilui a 1«mper dosing interval is needed 


patients, the distribution of hpid-soluhle drags that accumu¬ 
late in fat (such as organophosphates, chlorinated hydrocar¬ 
bons. and ultra-short thioharbiiu rates) may be proportion¬ 
ately decreased. Although drag half-life would dec reuse. 
PDCs may become toxic. Many lipid-soluble drugs have a 
high affinity for and are bound by plasma proteins, thus 
facilitating theti movement through the body. Binding, 
however, limiis their distribution to tissues. Predicting the 
distribution of highly protein-hound drags is complicated 
in the pediatric patient. Semin concentrations of both serum 
albumin, the protein to which most drugs are bound, and 
a i-glycoproteins (to which baric drags preferentially bind! 
arc decreased in pediatric patients (Poffenbarger el al., 
1990), Protein binding of drags may also be reduced be¬ 
cause of differences in albumin structure or because drugs 
compete with endogenous substrates (such as bilirubin) for 

binding silts (Rune and Wihon. 1983; Khmebo cl al.. 

1973). As drugs are displaced, the concentration of free, 
pharmacologically active drugs and die risk of adverse 
reactions increase These changes arc significant, however, 
only if the drag is highly <Lc„ >80%) protein bound and 
characterised by a small therapeutic index Although Ihe 
concentration of free drag increases, that of total drug in 
the plasma tends to decrease because unbound drug is free 
to distribute into tissue (Ehmcbo ct al,, 1973).. Conse¬ 
quent |y, drug half-life may increase, and longer dosing 
intervals may be indicated for potentially toxic drags. In¬ 
creased clearance of unbound drag may ultimately * 
malk*’ a half-life that has been lengthened by an increased 
volume of distribution. 

Differences in regional organ blood flow might cause 
clinically important changes in drag disposition in pediatric 
animals. Differences in renal blood flow have been docu¬ 
mented! Horsier et al.. 197!: Horsier and Whin, 1971) and 

result in clinically important differences in drug excretion. 
Blood flow to vessel-rich tissues of the body (tie,, heart 
and brain) is greater and faster (Rohinson, 1983); the pedi¬ 
atric patient is thus more susceptible to drug-induced car¬ 
diac and central nervous system toxicity. The potential for 
central nervous system toxicity is further increased because 
the blood-brain harrier is poorly developed immediately 
after birth. Increased permeability protects the neonatal 
brain from a deficiency of nutritional fuels in stressful 
states (e.g., hypoglycemia, hypoxia, and acidosis) by 
allowing the movement of oxidizable substrates such as 
lactate into brain cells (HcHmunn el al., 1982). Drugs 
normally incapable of reaching the adult brain are. how¬ 
ever, also able to reach brain cells, which arc very 1 suscepti¬ 
ble to tbdr effects. 


nor- 


Metuholism Drug elimination, including both hepatic 
metabolism and renal excretion, is limited in nconatid and 

pediatric patients. Thus, many drugs administered to ihe 
young animal arc characterized hy decreased clearance 
(Rant and Wilson, 1983: Greene and Mirkin, 1984). In 
contrast to human infants hepatic melaholism of drags is 

incompetent in the near-term and neonatal puppy (Reiche, 
1983; Peters cl al, 1971; Inman ami Yeary. 1971). Both 

phase l (e g., oxidative) and phase ll (e.g TT glucuronidation) 
reactions are reduced. The various pathways of metabolism 
mature at different rates. Phase I activity may not occur in 
the neonatal puppy and may not he evident until day 9. 
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Activity appears to progressively increase after day 25, not 
reaching adult levels until 135 days postpartum (Peters et 

al,, 1971), Generally, decreased hepatic drug metabolism is 

reflected as decreased plasma clearance, increased plasma 
half-life, and potentially toxic PDCsl Dose reduction, dose 
prolongation of intervals, or both may be indicated for 

some drugs. Oral hioavat lability of drugs characterized hy 
significant first-pass metabolism in adults (e.g., proprano¬ 
lol) is probably greater in puppies and kittens. Response to 
pro-drugs, such as primidone, prednisone, enalaprij* and, 
potentially, methylprednisolone may be reduced because of 
decreased formation of active drug products. Pediatric he¬ 
patic drug metabolizing enzymes do appear to be inducible 

by phenoburbital and other drugs. Nonhepatic drug metabo¬ 
lizing enzymes also appear to be decreased in pediatric 
patients. For example, pediatric lower plasma cholinester¬ 
ase can result in increased sensitivity to organophnsphates* 
succinylehol ine , and procaine. 

Excretion Reduced renal excretion, characteristic of the 
pediatric puppy, results in decreased clearance of renal]y 
excreted patent drugs and products of phase II drug metab¬ 
olism. Although die number of glomeruli remains constant 
throughout pediatric development, both glomerular filtra¬ 
tion and renal tubular function progressively increase 
(Horsier and Valtin, 197H Cowan et ah, 1980). Adult 
values may not be reached until approximately 2-5 months 
of age. In contrast to glomerular filtration and secretion, 
renal tubular reabsorption in puppies appears to be similar 
to that in adults as long as body fluids and electrolytes arc 

maintained (Kleiuman, 1978; Bovee et al, T 1984). The 
sequelae of developmental changes in pediatric renal func¬ 
tion include decreased clearance and prolonged half-life of 
drugs (primarily water soluble) excreted by the kidneys.. 
Such a pattern has been shown for several drugs. Compared 
with current recommendations for adults, pediatric patients 
may require a higher dose {due to increased volume of 
distribution) and longer intervals (due to increased distribu¬ 
tion and decreased clearance) for gentamicin administra¬ 
tion, More importantly, modifications should be anticipated 
b the gentamicin dosing regimen of unhealthy puppies 
because they are likely to be affected by conditions that 

increase the potential for gentamicin-induced nephrotoxic¬ 
ity (e.g., dehydration}. However, underdeveloped glomeruli 

may actually protect the pediatric patient from aminoglyco¬ 
side-induced nephrotoxicity (Boothe and Thnnert, 1991). 

Further investigations are needed to establish safe yet effec¬ 
tive doses of gentamicin for the neonatal puppy or kitten. 

Specific Drug Therapy for the Pediatric Patient 

Fluid Therapy Pediatric patients are predisposed to 

dehydration because extracellular fluid is increased, renal 
capacity to conserve water is decreased, the surface area to 
body weight rain is large, and fluid loss through immature 
skin is greater (Kemer and Sunshine, 1979), Fluid require¬ 
ments are greater for pediatric patients than for adults. 
Rates recommended for daily maintenance vary from 60 to 
ISO riiL/kg/dav (Mosier, 1981), Pediatric patients cannot 
accommodate volume overload as efficiently as adults, 
Although larger Fluid amounts are indicated* care must be 
taken with both the amount and the rate of fluid administra¬ 


tion, Fluids can be administered by several routes. Crys¬ 
talloids administered rectally should be isotonic; rapid 
rectal absorption of hyperosmolar solutions can lead to life- 
threatening hyperosmolarity. Subcutaneous administration 
may be an acceptable route if smalt volumes of isotonic 
fluids are administered in patients with normal hydration. 

Intraosseous fluid administration is an acceptable route of 
administration if a central vein is not accessible (Otto el aL, 
1989), Oral re hydration is recommended as the preferred 
therapy for dehydration caused by diarrhea in human pedi¬ 
atric patients (Hirachhom, 1982). 


Antimicrobial Therapy As for adults, an appreciation 
of the chemotherapeutic triangle (i,c., relationship between 
host, drug and microorganism) is necessary for the appro¬ 
priate use of antimicrobials with pediatric patients. Several 
antimicrobials should be avoided in pediatric patients. 
These include chloramphenicol, tetracyclines, doxy ey cl ine, 
and other drugs that undergo enterohepatic circulation (e.g. T 
clindamycin) and thus arc more likely to disrupt the normal 
colonization of the alimentary tract in pediatric patients. 

(1-Lactam antibiotics are generally the drugs of choice 
for pediatric patients whenever possible. Although drug 
half-fives are likely to be prolonged, they tend to be safe 
because they are characterized by a wide therapeutic index. 

Higher doses may be necessary to achieve desired peak 
PDCs because their distribution is greater. Time interval of 
administration can be prolonged to compensate for the 

longer half-life. Therapeutic drug monitoring should be 

used to improve the safety and efficacy of ami nog ly cos ides 

whenever possible. Higher doses and longer intervals may 
be necessary to achieve recommended peak and trough 
concentrations. Amikacin, potentially less nephrotoxic (and 
more effective against Pseudurnmim spp.) than gentamicin, 
should be used whenever possible. Quirtolones are very 

effective and, for most patients, safe antimicrobials. They 
are characterized by excellent tissue distribution. These 
drugs should, however, be avoided in. large breed pediatric 

animals because of destructive lesions In the cartilage of 
long bones. Thus, the author does not recommend these 
drugs as first choice for any pediatric patient,. The combina¬ 
tion of a sulfonamide with trimethoprim or ormetropom 

tends to be safe and effective for kittens and puppies. 

Therapeutic indications for lincosamides and macrolides 
are limited for pediatric patients. Because both groups of 
drugs undergo extensive biliary secretion and enterohepatic 
circulation, they should not be used as first-choice antimi¬ 
crobials. An exception should be made for Mycoplasma 
infections for which tylosin is the drug of choice. Metroni¬ 
dazole is foe drug of choice for GkmUa infections in dogs 

and cats, arid it is often used for the l re at mem of anaerobic 

infections. Decreased clearance and prolonged half-life 

should be anticipated in kittens and puppies; lower doses 
and longer interval a may be necessary to avoid central 
nervous system toxicity. 


Sedation. Anesthesia, and Analgesia Opioid agonists 
are the preferred sedative, premedicant, or analgesic of 
some veterinary clinicians for pediatric patients (Robinson, 
1983). Although associated with marked cardiac and respi¬ 
ratory depression* the effects of opioid agonists are largely 
reversible with opioid antagonists. Bradycardia can be 
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avoided in older pediatric patients by premedkation with 
atropine or g I y copynolate. Whereas the duration of fen- 
tan) I analgesia (flontrajisdcrmal patch) is generally too 
short to justify its use for adult patients, some clinicians 

prefer it for short-term intraoperative analgesia for pediatric 

patients because it minimally affects the cardiovascular 
system The combination of fen tiny 1 and dropenkkf has 
been used with pentobarbital for car trimming and to in¬ 
duce anesthesia in cardiac patients Ketamine can be ad¬ 
ministered subcutaneously, intramuscularly, «r intrave¬ 
nously for the restraint and immobilization of young cals. 
Response to ultra short bait i (unites such, us thiopental and 
methohexital or simitar agents (e,g,, propofol) should be 
exaggerated in young animals because of decreased bod) 
fal and hepatic clearance. Dilution to a 1 % to 2% solution 

is indicated to prevent ovcradminisiraii«n„ 

Complications associated with iniravenous administra¬ 
te ut can be reduced by rectal administration of either thio¬ 
pental or meihuhexiial in human pediatric patients. As a 
class* the benzodiazepines can probably he used safe!) in 
pediatric patients. Elimination occurs primarily by hepatic 

metabolism and is likely to be slower in pediatric patients. 
Benzodiazepines are. however, characterized by a wide 

therapeutic index. Midazolam, the newest member of this 
group, is more potent, has a faster onset of action, and 
is more rapidly eliminated than diazepam. Although not 
approved for use in human pediatric patients, it bus been 
used in this age group successfully to induce sedation 

iNahau. 198$), Inhalant anesthetics are preferred for main¬ 
tenance anesthesia in veterinary pediatric patients. Halo 
thane, methoxyflurane, enflurane, and isoflurane have been 
used, Isoflunme is becoming more popular for pediatric 

patients because both induction and recovery are rapid and 

the incidence of adverse effects is less. Hypotension is a 
complication of all gas anesthetics, however, and variable 
patient response necessitates dose monitoring. 

Pregnancy and Liictnfiwn 

M a terrmf ■ Fetal'-Placental Lf nit 

Maternal The effects of pregnancy can alter all phases 
e>f disposition in the mother Gastrointestinal motility and 
gastric acid secretion decrease and may lead to decreased 
drug absorption. Decreased albumin concentration result! 
in decreased binding of highly protein bound drugs. In 
creased volume of distribution of unbound drugs may result 
in lower PDCs and more rapid drug clearance. Increases in 
cardiac output, renal blood flow, and glomerular filtration 
rate can further decrease drag concentrations, particularly 
of antibiotics. High, progesterone concentration! may in¬ 
duce hepatic microsomal enzymes and increase drag me¬ 
tabolism iPapich and Davis, 1986). 

Frtm and Neonate Unique differences in drug disposi¬ 
tion predispose the near-term fetus and neonate to adverse 
drag reactions, The idea of absolute placental selectivity 
has been replaced with the realization that essentially all 

drug! administered to a pregnant areimal are transferred 
across the place nu regardless of the degree of intimacy 
between fetal and placental membranes (Welsch, 1982; 

Levy 1981). The responses of the fetus and newborn to 


individual drags, however, vary. Differences in responses 
reflect, in part, differences in placental kinetics of drugs. 

Current efforts id human neonatology are concerned with 
the characterization of the pharmacokinetic differences be¬ 
tween drugs in the near-term fetus. Even the most simple 
pharmacokinetic representation of the maternal-fetal sys¬ 
tem iv however, complex, being composed of at least 
three compartments; maternal, placental, and fetal. The 
I pharmacokinetics of each compartment is determined, in 
tom, by its own rate of absorption, distribution, metabo¬ 
lism, and elimination (Levy, 1981; Welsch. 1982; Kroner 
and Krauer, 1991), Furthermore, pregnancy is a dynamic 
state characterized by dramatic changes in placental and 
fetal growth and in the physiology of the pregnant animal. 
All pharmacokinetic processes change in concert with the 
progression of pregnancy. Species differences in placental 
drag transfer do exist, making extrapolation of information 
to small animals difficult. The route of administration is 
also likely to determine the amount of placental transfer 
Routes thill result in higher plasma peak concentrations 

(i.c., intravenously, as an intravenous infusion, aid in mul¬ 
tiple doses) are likely to expose the fetus to higher drug 
concentrations. 

Although many factors determine the rate and extent of 
drug transfer across the placenta, the lipid solubility of Ihc 
drug and a steep maternal-fetal drug concentration gradient 
are probably (he tmmi important lWelsch, 1982). In general, 

im lit ionized compounds with high lipid solubility cross 

rapidly, whereas drugs with little lipid solubility cross 

lowly. Impermeability of the placenta to polar compounds, 

which generally do not penetrate cell membranes, has been 

described as relative rather than absolute (Welsch. 1982). 

A number of drugs that are polar at physiologic pH can 

cross the placenta rapidly fWelsch, 1982).. Occasionally, 
placental metabolism may reduce the concentration of se¬ 
lected drag! reaching the fetal umbilical vein. 

Differences in drag disposition compared with both pe¬ 
diatric animals oral adults can lead to adverse reactions in 
the near-term fetus receiving drags through the placenta. 
Fetal protein is generally less in the neonate. which is in 
turn, less than that in the adult (Levy 1981; Welsch, 1982), 

Thus, higher concentratiotLs of unbound and pharmacologi¬ 
cally active drugs can be anticipated. Perhaps more im¬ 
portant are an j tom l cal peculiarities of fetal circulation. 

Because ihc fetal liver and lungs are largely bypassed, 

blood reaching the heart and brain contain essentially the 
same concentration of drugs as present in the umbilical 
vein. Although fetal metabolism of drugs can contribute to 

the ultimate elimination of drugs in the human neonate, the 
amount of drug metabolizing enzymes present in near-term 

animals is negligible (Welsch, 1982), 

Although drugs administered to pregnant animals may 
be detectable in the fetus, they may not produce clinically 
important effects. Examples of drugs that have been shown 

to reach detectable and potentially clinically important con¬ 
centrations in the fetus include salicylates and other 
NSAlDs, anticonvulsants (phcnyioin and diazepam), local 
anesthetics such as lidocaine, gentamicin (in some species), 

and narcotic analgesics. In human infanta, Ihc ratio of 

maternal to feted concentration of fj Lactams approximates 

I (Nau, 1987). Because predicting the effects of a drug 
crossing the placenta is difficult, drug selection for the 
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mother should be based, in pan, on anticipated safely to 
the near-term fetus. 

(jKtadon As is the fetus, the nursing animal is an 
inadvertent recipient of drugs administered to the mother 

Most of the pertinent information in the veterinary litera¬ 
ture is concerned with excretion of drugs in the milk of 
food animals; there appears to be m> information regarding 
small animats. Studies of humans indicate that drugs dif¬ 
fuse mlu the milk from maternal circulation Low molccu- 
I.ji weight (<2tX)t, un-ionized highly lipid-soluble drugs 
that are minimally protein bound diffuse into lire lactatmg 
mammary gland rapidly, whereas water-soluble drugs dif¬ 
fuse more slowly (Berlin. 1981k The plC of a drug largely 
determines its concentration in milk. Animal milk tends to 
be acidic compared with plasma pH I hus. although a drug 
may he non-ionized in the plasma, and thus more likely to 
diffuse into milk, it may become ionized and nondiffusible 

once in the milk. Such ‘"ion trapping" can concentrate 

drugs in milk The ratio of drugs in milk to plasma ns 

peedi l table, being greater for weak bases and weak acids 

whose pbo diJTer from the pH of milk by 2 units i +■ 2 

for acids and -2 foe bascs) (Rasmussen, 1979). Generally, 
the amount of drugs exaeied in milk is less than 2" * of 

the maternal dose (Berlin. 1481). Greater concentrations 
can be expected, however, if a drug is administered to the 
mother intravenously, as an intravenous infusion, or in 

multiple doses. 

Not nil drugs ingested with milk during nuking ill be 
absorbed from the gastrointestinal tract -of the nursing ani¬ 
mal, For example, milk may decrease the absorption of 
some drugs, whereas the pharmacokinetic properties of 
other drugs (i.c., aminoglycosides) preclude their absorp¬ 
tion except in the very young. Noi all drugs, however, must 
he absorbed to cause dime ally important adverse effects. 

For example, antimicrobials can potentially alter the 1 devel¬ 
oping flora of the pediatric alimentary tract tJones, 1987; 
Smith, 1965). Thus, it is prudent to jvoid administration 
of potentially toxic drugs to the dictating hitch or queen. 

Rotes of Species end Breed Differences in 
Drug Disposition 

Species that are physiologically similar tend to have similar 

drug disposition patterns, and the same dosing regimen can 
often he used for a particular drug (Vessey, 1982). Thus, 
dosing regimens recommended for the dog frequently can 
be extrapolated ten the cat. Extrapolating human dosing 
regimen* to the dog can be problematic, particularly since 
human doses arc often not based on a per kilogram hasis. 
Unfortunately, despite the fact that drugs approved for 

use in humans arc firstly studied in dogs, data regarding 

comparisons is not generally available. Drug therapy in 
dogs and cat's with drugs labeled for human use often 
reflect extrapolation of dosing regimen* used in human 
patients. Further, drug use in cat- often reflects extrapola¬ 
tion of dosing regimens used in dogs. Only occasionally is 
a scientific basis for extrapolation of a human drug avail 

able. An appreciation of physiologic difference* can in¬ 
crease flic likelihood of success in extrapolation of dosing 


regimens to or between dogs or cats I Boothe, 1990; Boothe 

MidTanneri, 1991: Wikfce. 1984; Baggoti. 1977 k 

Absorption 

The rale and magnitude of chug absorption foe most drugs 
appear to be similar for both the dog and cat. regardless of 
the route of administration, An exception may need to be 
made for slow-neJca.se preparations: rates and extent of 
absorption do vary among species. Because slow-release 
preparations used in human patients arc designed to main 

tain therapeutic concentrations in humans, absorption kind¬ 
les of them- productx can be profoundly different in the 
dog and cat, l se of such drugs should be based on clinical 
studies of there preparations in dogs and cals. 

Distribution 

Although differences in drug distribution between the spe 
cies tend to be: minor, they can result in important differ¬ 
ences in drug response. Blood volume ol the car (70 mb 
kg i is less than that of the dog (90 nUTkg) PDCs of drags 

whose distribution is confined to the plasma compartment 
may therefore differ between (he species The same amount 
of drag (on a per kilogram basis) is diluted less in cats 

because the plasma volume is smaller. Thus, drug concen¬ 
trations after administration of a milligram per kilogram 
dose might initially be higher in cals than in dogs Organs 
that arc well perfused (i t\. bean, beam) may be more 
susceptihk to toxicity, Cats are approximately the same 

si/e as the smaller dog breeds Thus, doses determined for 
medium-sized to large-sized dogs may not tie appropriate 

for the cat because the smaller animals have a greater body 
surface area. In larger animals, body water comprises a 
larger proportion of body weight, which tends to dilute out 
the drag, A higher dose may be needed for larger animals. 
Because the dreg half-life may be longer (due to increased 

distribution), however, the dosing interval may need to 

be longer. 

Differences in plasma protein-binding characteristics 

(particularly albumin) may alter the distribution of drugs 
(hut sue highly protein bound. The degree to which various 
drugs ire protein bound varies dramatically among the 
species. For a drug highly protein hound, a difference of 

10% in binding can be disastrous in some patients. Al¬ 
though the elimination characteristics tri many drags have 

been established for cats, few studies have determined the 

extent of protein binding.. 

The effects of disease can markedly alter distribution 
The unhealthy cat does not maintain hydra lion as well as 
the dog; fluid imbalances resulting from dehydration or 
edema alter drug distribution. The obese cal can represent 

a "sink ’ for drugs that are lipid soluble, thus lowering 
PDCs potentially to submaxi mid levels if the dose is not 

appropriately increased. Weight loss in a hyperthyroid cal 
can have the opposite effect. 

Metabolism 

The most significant and best characterized differences in 

dmg disposition between the dog and cat probably result 

from differences in drug metabolism, Identification of 
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phase 1 enzymes and iheir specific drug substrates is diffi¬ 
cult and leu species differences have been described in the 
cat or dog. Deficiencies in demethylaUon and hydroxy lation 
have been described in the cat and may be responsible for 
different patterns of pro-drug activation (e.g, primidone; 

see Chapter 24 1 or adverse reactions to selected drugs (i e„ 
chloramphenicol) i Watson. 197ft) The recently described 
reaction of cals to diazepam may represent differences in 
the metabolites produced, ax may the susceptibility of the 
feline liver to metabolite-induced damage (Elston el aL, 

1993,). 

Differences in phase Jl enzymes and their drug sub* 

sbates have been better identified and account for many of 

the differences in drug disposition bet ween the dog arid cal 
(Baggott. 1977), Mosi of these differences result front a 

deficiency of glucuronidc conjugal ion in the cat. The defi¬ 
ciency reflects extremely low concentrations of some glu- 

curonyl transferases Thus, many drugs excreted as glucu- 
ronide conjugates in other species ure characterized by a 

prolonged clearance rite and half-life in die cat Toxic 
levels may accumulate much faster in the cat and exagger¬ 
ated pharmacologic responses or toxicides occur more eas¬ 
ily. Do* mg regimens must be modified for such drugs by 
either decreasing the dose i especially for drugs whose 
dosing interval is shorter than the elimination half-life) or 

prolonging the dosing interval. For example, the half-life 

of aspirin approximates 36 hours in calx compared with S 

hours in dogs. To avoid toxicity in the cm. aspirin is dosed 

every 48 to 72 hours compared with twice daily in dogs. 
Acetaminophen is toxic in the cat because it is not glucu- 

Tumdated sufficiently fast. Excessive acetaminophen is 
^bunted to phase l enzymes, resulting in the production of 
toxic metabolites, The toxic metabolites overwhelm the 
glutathione scavenging system of feline erythrocytes and 
hepatocytes, resulting in life-threatening methemoglobin¬ 
emia and (potentially) hepatic necrosis. Cimetidine can be 
helpful for cats reacting adversely to acetaminophen (if 
administered within 48 hours) because it inhibits phase I 
drug metabolizing enzymes. 

Not all drugs that are conjugated with glucuronidc are 
predisposed to toxicity sn the cat. This is true for several 
reasons, First, the cat is deficient only in certain families 
of glucuronyi transferase. Cats can conjugate and excrete 
endogenous substrates such as bilirubin, thyroxine, and 
steroid hormones as well as other species. Metabolism of 
si variety of exogenous drugs, however, particularly phenols 

and aromatic acids and amines, occurs at a much slower 

rate in the cat than in other species (Raggott, 1977: Welch 
ei ah, 1966 m The degrees of deficiency and potential toxic¬ 
ity depend on the drug substrate. For example, some pheno¬ 
lic compounds are sufficiently conjugated, whereas others 
are not. Second, glucumnide conjugated drugs character¬ 
ized by a wide safety margin are associated with few 

adverse reactions even if accumulation occurs. Finally, 
in the absence of glucuronide, drugs may ho sufficiently 
metabolized by an alternative pathway. Some sulfates may 

be particularly well developed in the cat, and many drugs 
that are excreted as glucnronide-conjugutes by Ihc dug may¬ 
be excreted as sulfated compounds by the cat. Other Mil • 
fate-conjugating systems,, however, appear to be easily sat¬ 
urated in the cat. Unfortunately, alternate pathways of drug 
metabolism may also contribute to the toxicity of some 


drugs t'e.g., acetaminophen) because they may involve 
phase I enzymes that catalyze the formation of toxic metab¬ 
olites. Thus, drugs shunted to another pathway in the cat 

may be very toxic to the cal but minimally toxic in other 

spec ies. 

With the exception of acetylation, deficiencies in phase 

[I enzyme activity have not been described in the dog. 
Acetylation is not a common route ol elimination for drugs, 
and the clinical significance of this deficiency is not well 

known. An exception can be 1 made for die amianhythmic 

procainamide. The drug :s acetylatod in humans to an 
active metabolite. Procainamide is less potent in dogs pre 
sumably because of the Lack of the active acetylaied metab¬ 
olite Thus, a higher dose must be given to dogs (compared 

with humans) let achieve on equivalent pharmacologic re- 

spunse. 

Renal Excretion 

|« contrast to hepatic metabolism, differences in renal 
excretion between the dog and cat do not appear to be 

profoundly important to drug disposition. The glomerular 
filtration rale of cats (2.4 to * 5 mL/min/kg | is less than 

that of dogs (3 to 5 mUmin/kgj, suggesting that renal 
clearance of drugs may be faster in dogs. Although this is 
true of inulin, differences have not been established for 
most drugs. Renal disease profoundly alters the rate of 
drug excretion in all species. In general, serum creatinine 
concentrations can be used to modify the dose (decrease in 
proportion) or interval (prolong in proportion to abnormal 

ilyj. The modification should be applied only to that portion 
of the drug eliminated by the kidney. Note that fluid imbal¬ 
ance* in renal disease can also alter drug distribution. 

Role of Species Differences in Target 
Tissues 

U is difficult to predict differences m drug reaction that 
can be ascribed to differences in target tissues because very 
little i s known about cats. Differences in response to se¬ 
lected drugs le g., opioids, insulin, chlorinated hydrocar¬ 
bons) are known to be or are thought to be reflections of 
differences in tissues. 

Feline erythrocytes (hemoglobin) appear to be more 
susceptible to oxidatkm and finis to mcthemoglobinemia. 

Drugs reported to cause methemoglobinemia 4n the cal 

include urinary antiseptics containing methylene blue 
(Sheerer et aL, 1983) or azodyes, acetaminophen (Cullisom 
1984; Welch et aL, 1966; Savides ct ol.. 1985) and related 
com]>oLinds, benzacaine (Wilkie and Kirby, 1988) and pro 
pyIthiourocil (Peterson el aL, 19R4). Several mechanisms 
have been postulated to explain the potential increased 

sensitivity of cats lo melhemoglobio formal ion. Lower con¬ 
centrations or activities of the intracellular repair enzyme 
me (hemoglobin reductase have been postufiued but not 

confirmed (Stolk, 1966; Bool he, 1990a), Faster metabolism 
of specific drugs to toxic metabolites is a likely cause for 
some drugs, particularly those whose elimination is shuffled 
to alternate (toxic) pathways (be,, acetaminophen) (Cul- 
lison, 1984). Differences m the structure of feline hemoglo¬ 
bin have also been postulated. Feline hemoglobin contains 
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up to 2(1 sulfhydryl groups compared with a maximum of 
4 in other species, Sulfhydrv I groups tend to be reactive 
and thus are susceptible to interaction with reactive parent 
drags or metabolites. Thus, more sulfhydryl croppy would 

need tc be maintained in a reduced stale in cats (Harvey 

and Kancko. 1970), 

Another possible mechanism of increased methcmoglo- 
bin form;ilioti in the cat might he differences in intracellular 
levels of glutaihione conjugal mg enzymes Because these 
enzymes scavenge reactive products that might oxidize 
sulfhydryl groups, a relative deficiency could predispose 
the eat to hemoglobin oxidation. The rote of intracellular 
levels or activity of glutathione conjugating systems of 
the feline erythrocyte in methemoglobinemia has not been 
addressed. Because the cat responds favorably to gEutathi 
one precursor supplementation (e g., ,V-aeetv I cysteine) after 
acetaminophen toxicity, however, differences in the activity 

of this system might also he important and need to he 

investigated. 

Breed Differences 

Breed differences exist in drug disposition, although they 
have not been well described, In humans, subpopu I aliens 
ot poor hepatic metahoh/ers" of certain drugs have been 
idem shed as being predisposed to adverse drug reactions 
because of a relative "overdose " A similar difference in 
drug dispositions should be anticipated in both dogs and 
cats. Sigh I hounds (e.g,, Salukis, greyhounds; Fig. 2 4) of¬ 
fer an example of breed differences in drug disposition. 
Their lean body weight provides little fat tissue for drug 
distribution. As a result, they are more susceptible lo over¬ 
dosing wub drugs thai redistribute (rapid movement of 
drug into a btnJv compartment such as the brain, followed 
by slower movement into other compartments such as fail 
such as thioharhiiurate> Brachycephalic breeds are more 
susceptible to cardiac arrhythmias isinoatrial block » caused 
by aeepromazme. Beagles offer a different consideration. 
Many drug studies have used the beagle as a model for 
drug disposition. Yet. purpose-bred beagles have been so 
well specialized for research that they Lire not necessarily 

representative of the general population of dogs, and thus 


Figure 2-4, Sight fa mini, as rtprcrailcU hy itv griiyfaHtiu: ,itc a breed 
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redisirilHJtiofi DifTeresm is meuhoiitrn nu; cunt. 


extrapolation of drug studies between this breed and dogs 
in general must be done cautiously. Breed differences in 
drug disposition should be expected in both dogs and cals 

and warrant further studies. 

Miscellaneous 

Difference* in circadian rhythm (j.e.. diurnal vs, nocturnal} 
play a role in some differences between the dog and cat 
Aminoglycosides are less likely lo cause toxicity if admin¬ 
istered during active periods. This has been established for 
theophylline, for which clearance occurs more rapidly at 
night in the dog compared with carls morning in cals. 
Dosing of glucocorticoids at night has been recottuncnded 
for cals in order to mimic endogenous release patterns. 
The clinical significance of these differences has not been 
determined, 

RECOMMENDATIONS REGARDING 

EXTRAPOLATION OF DOSING REGIMENS 

Drug information Sources 

Extrapolation of doses of human drugs to dogs and cals 
and from dogs to cats should be based on a knowledge of 
the clinic; 1 1 pharmacology of the drug to he administered 
and on ihe physiologic differences of the target species 
The safer ihe drag, the safer the extrapolation, Numerous 

resources are available for human drag information [Phyxi- 

nans Desk Reference, Facts and Comjhirisorts. USP Phar¬ 
macopeia, ihe package insert from the product} to deter¬ 
mine the safety and the determinants of disposition of a 
new drag Several sources are now available on the Internet 
(see Appendix 7k The veterinary literature and clinicians 
with expertise in the held, including diplomats of the 
American College of Veterinary Clinical Pharmacology, arc 
additional sources. 

Note that every drag dm has been approved for use m 
humans has been studied in dogs The studies have focused 
on safetw however, not efficacy. The information regarding 
safety (often including pertinent pharmacokinetic data, 
such as volume of distribution, bioflvailubility, and drag 
elimination half-life) may be obtainable through a Freedom 
of information request, which would be processed by the 

FDA (Freedom of Information Staff [HR-361, 5600 Fishers 
Lane, Rockville, MD 20857; I fax 301-443-1726). 

Extrapolation of dosing regimens should be limited to 
relatively healthy animats, if possible, to avoid the effects 
of disease on drag disposition. Likewise, extrapolation to 
geriatric and pediatric patients should be avoided. Adminis¬ 
tration by the oral route Is generally safer (although gastric 
irritation may be more likely), Oral administration is les% 
preferred if the drag undergoes first-pass metabolism, how¬ 
ever, because tins can vary dramatically among animals 
A 50^ change in first-pass metabolism may double the 

pharmacologically active dose in a puiicnt, Intravenous 
administration should be avoided; when it is unavoidable, 
the drug should be administered slowly lover 5 to ID 
minutes or more). Drags with long half-lives ( *12 hours) 
-hiMild generally be avoided If a drag is administered at 
an interval that is less than the drag half-life, accumulation 
should be anticipated and accounted for in live dosing 
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extrapolation. Note that maximum adverse effects may not 

appear until accumulation is complete at stead) state. Also, 
a drug half-life can change (due to disease or drag interne 
lions). Thus, a drug that initially did not accumulate (and 

whose dose is based primarily on volume of distribution) 
may begin to accumulate as disease worsens. Unless the 

drug can be monitored, a change m drug halt life will be 

missed., in such instances, a dosage reduction is again 

indicated On die other hand, as a patient improves, re- 

spouse to therapy may again change disposition, perhaps 

leading to therapeutic failure. One should be prepared to 
treat adverse effects if they occur If the drug half-life is 

long, the time necessary for abatement of the adverse 
reaction will also be long. In general, extrapolation of lipid 
soluble drugs should be avoided because of the risk of loo 
many species differences 

Water-Soluble Drugs 

As a general rule, extrapolation of do&es for drugs that are 
water soluble is more appropriate because these drugs arc 

distributed to extracellular hinds (normalizing volume of 
distribution): protein binding is likely to be negligible; 
and hepatic metabolism is minimized. Drag volume of 
distribution and renal elimination may be similar among 
species, and the interval used For such drugs can often 
be extrapolated among species. The dose administered, 
however, probably should be reduced lo compensate for 
differences in blood volume among animals. Increased 
doses lire indicated for pediatric patients and for patients 
with edema; decreased doses are indicated for geriatric and 
dehydrated patients, 

Lipid-Soluble Drugs 

Lipid soluble drugs tend it> be distributed to total body 
water unci beyond, leading to a greater risk of differences 

among species- They are more likely to be highly protein 

bound, leading to a risk of differences in tissue distribution 
ami in rhe proportion of pharmacologically active drug. In 
contrast to water-soluble drugs, lipid-soluble drugs are 
more likely to require hepatic metabolism. In general, an¬ 
ticipate a lopger half-life m cals for drugs that undergo 

phase l metabolism in other species. Note that species 
differences in phase S metabolism can he very profound. If 
acetylation is a major phase II route of elimination, it is 
likely that the drug may be- metabolized faster in cats than 
in dogs If phase I metabolism and glutnirooidalfon is the 
major route of elimination, a longer half-life should he 

anticipated in cals. Although glucuronidation does not nec¬ 
essarily indicate that elimination of the drug will be slower 
in cats until an appnrptiale study has established ihc kind 
ics of the drug in cats, its use should be avoided. An 

exception might be made if the drug can be monitored nr 
the drug is characterized by a wide therapeutic window. 

Slew-release preparations should be avoided because rates 
of absorption among the species can he dramatic. Finally, 
preparation fi containing propylene glycol and other un¬ 
known carriers might need to be avoided because of ad¬ 
verse react ions in cuts. 


Drugs with large {>2 I Ag) volumes of distribution should 
be avoided because this, indicates that accumulation or 

tissue binding of the drug may occur These factor* are 

liiteh to vary among species. Pro-drugs and slow-release 
drugs should be 1 avoided because the amount of active drug 
is not predictable among the species., Body surface area 
should be used whenever possible to determine doses of 
toxic drugs. Drag disposition may change as the animal 
improves particularly if » disease that affects drag disposi - 
lion li e , cardiac, renal, hepatic) is being treated. Changes 
in dosing regimen may again be indicated, Finally, one 
should be aware of the laws regulating the u*c of human- 
labeled drags. 


A major problem with extrapolating doses in animals oc¬ 
curs with preparations formulated for humans: the size of 

the tablet often precludes accurate dosing. Note that several 

pharmacies in the United States now cater specifically to 
veterinarians and thus art prepared to address such prob¬ 
lems, lu addition, carnet' agents or fillers can be purchased 
commercially .uid used to dilute drugs 10 more usable sizes. 
Compounding is discussed further in the Appendix. 
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An adverse drug reaction is any undesirable reaction to 
therapy with a drug. Adverse drug reactions can be classi¬ 
fied as type A or type B Ll^wson and Richard, 1982: 
Griffin and P' Arcy. 1979). Type A (** augmented”) adverse 
reactions generally result from plasma drug concentralioQl 

(PDCsl That exceed the maxi mum therapeutic range op less 

commonly, drop below the therapeutic range (sec Chapter 

IK If the clinician is familiar with the drug and the patient, 
type A reactions are largely predictable. Generally, they 

are manifested as an exaggerated* but normal or expected 
pharmacologic response (Fig, 3-1 ", This response might, 
however, be the primary or desired response <e.g„ brady¬ 
cardia in a patient receiving propranolol t« slow a sinus 
tachycardia). Alternatively, the reaction might be m un¬ 
wanted, secondary response result mg from the drug's phar¬ 
macologic effects (e.g„ bnonchospasm& induced by the 0- 

blockade effects of propranolol), A reduced response to a 

drug because the rape otic drug concent rations were not 
reached (i,e.» underdosing) is a variation of a type A ad¬ 
verse reaction (Fig. 3-2), Some drugs also cause adverse 
reactions unrelated to their pharmacologic response. These 
reactions usually reflect damage to target cells and are 
referred to in this chapter as to fox k adverse fraction*- 

Cytotoxic adverse reactions are perhaps best exemplified 

by hepatic necrosis or methemoglobinemia induced by 
acetaminophen. Often il is 'the metabolite ot the drug rather 
than the drug itself that causes cytotoxicity In such cases* 
drugs that induce metabolism, particularly in the liver (e,g., 
phenobarbetal, phenytoin: Fig. 3-3). may increase the risk 

of toxicity* whereas drugs that decrease metabolism reduce 
the risk of toxicity fe g., cimeiidine) (Aricns ct aL 1976, 


*!> BfflUk *ai 4i rrapioU of a fclLt™\hrp in cli meal 
audnkU by the PWir^rutH^J Mijiiigcturm AuoriatHm hx^danon 


Mitchell el al„ 1984; Klassen, 1985). Cytotoxic -drug reac¬ 
tions might be treated with drugs that scavenge radical 
metabolites fix , -acetylcysteine. a glutathione precursor). 

In contrast to type A reactions, type B ( "bizarre") 
reactions are not dose or concentration dependent. As a 
result, these reactions are not predictable and are largely 
unavoidable. They occur only in a small percentage of the 
population receiving the drug. Generally* their 
incidence— indeed their existence—often is not docu 
raented until the drug is in wide use. In addition, because 
their cause is not well understood, treatment is generally 


limited lo symptomatic therapy. Examples of type B ad¬ 
verse reactions include drag allergies or idiosyncrasies. 
Many of these adverse reactions ultimately may be shown 
to be genetically or otherw i*e based, hut the cause has yet 

to be identified and thus the reaction cannot be predicted 
As with type A reactions, type B reactions can occur in 
response to the parent drug or its metabolite. 

This chapter discusses the mechanisms and c finical signs 
of the adverse reactions caused by selected drugs and 
methods by which the reactions might be avoided or 
treated. Adverse reactions that result from the expected 
pharmacologic action of a drag (i c., exaggerated pharma- 
cologic effect) are discussed with each drug in subsequent 

chapters and are not emphasized here Cytotoxic reactions 
and the occasional secondary adverse reactions are often 

unexpected and not recognized. This chapter focuses on 

type A adverse reactions. Type H reactions are also dis¬ 
cussed when known. The List of drugs discussed is by no 
means intended to be complete but represents those drugs 
most commonly recognized as well as the addition of some 


that are often overlooked. 

A variety of factors ant influence the likelihood of 
adverse, and particularly toxic, reactions (Ariens et aL 

1976: Mitchell el «],» 1984. Klassen, 1985). Factors dial 
predispose it patient to the development of type A adverse 
reactions are discussed in Chapter 2 Further discussion of 
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each drug or drugs not addressed in this chapter can be 

found in the specific chapter that discusses the therapeutic 
use of the drug. Note that alternative health agents (eg,, 
herbal remedies, nutraceimcaki and over-the-counter prod¬ 
ucts can also cause adverse reactions, Despite being re¬ 
ferred to os "natural" many herbal remedies and health 

food products. contain drugs. These pfisJucls may not be 
regulated in veterinary medicine* and neither safety nor 
efficacy may have been established. 

The organs most susceptible to type A drug reactions 
usually arc those subjected to the greatest exposure or 
concentration of the drug. Thus, the organs w ith the great¬ 
est blood flow and those organs capable of drug concentra¬ 
tion, such as the liver and kidney, are the most vulnerable 
to systemic drugs. Highly metaboh rally active organs are 
also more likely to manifest toxic effects for two reasons. 
First, such organs depend oil die presence of energy, and 

anything that impairs acquisition of energy (including 
blood flow) can lead to malfunction. Second, if the meta¬ 
bolic activity includes metabolism of compounds, the pro¬ 


duction of potentially reactive metabolites can increase the 
likelihood of cy totoxicity if these metabolites interact with 
cellular structures. The organs most susceptible to damage 
by type B reactions tend to he the organs that contain 

(issues that act as haptens for drug-induced allergy le g., 
skm. blood-forming units) or tissues that filter and trap 
immune complexes (e g., glomerulus and joints). A sum¬ 
mary of compounds causing predominantly type A drug 
reactions and, when available, their antidotes, can be found 

in Appendix 5. 

Not all adverse reactions are clinically relevant. Some¬ 
times the reaction is not detectable unless actively sought. 
For example, clinical laboratory tests may delect a drug- 
induced hepatofoxieity (t.g,, increased serum alanine trans¬ 
ferase activity I that was clinically silent. Many drugs can 
alter clinical laboratory tests, including endocrine function 
testing ( Young, 1990) (sec laier discussion of the endocrine 
and clinical laboratory tests). If an adverse drug reaction is 
suspected, the importance of reporting the reaction (or 

suspicion) cannot be overemphasized (see later discussion). 
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A poison is any substance that is injurious to animals amJ 
i> synonymous with toxic substance, toxic chemical, and 

toxicant. It is important to note ihai any drug can become 

a poison ('The dose makes the poison' 1 ), and ihe toxic 

response to the poison tends to correlate with Ihe dose b>r 

duration k A fruit* rrsfHmse or toxicity refers to She effects 
man* Tested by un organism in fc spiw^ to ,% toxic subsiunce. 

Acuit toxicity generally occurx from .1 single dose or expo- 
sure. Most acute toxicants rapidly interfere with critical 
cellular processes, Subacurt toxicity or mhchmnic toxicity 
occurs after several weeks to months of exposure. Chronic 

toxicity occurs alter months to years of exposure. These 

latter terms are generally applied to humans but the relative 
duration of exposure equally applies to animals. Toxic 

chemicals can act Jim rly by injuring the cells with which 

they come in comaci or intliwttv by injuring a group of 
cells that subsequently precipitate injury toothers. Alterna¬ 
tively, toxins can act indirect!} by interfering with a physio¬ 
logic process on which a group of cells arc vitally depen¬ 
dent Most toxins act sysicmically* whereas others (such as 
acids and basest act locally. Some toxic effects reflect a 
combination of local and systemic effects I Sipes anti Dart. 
199ki. A less commonly used indicator of ihe assessment 
of toxicity is the U >*n, Ihe dose of a chemical thal kills 
50% of animals receiving it, Unfortunately. information 
related to the UD^ of a drug may be pertinent only to the 
laboratory species in which the LD W was established. Cur¬ 
rent indicators of toxicity in humant more commonly focus 

on the dose■ response relationship as it impacts biochemical 
and physiologic changes leading to adversity iSipes and 
Dart. i<m). 

A teratogen is a compound that causes abnormal fetal 
development, tl is important to tune thal teratogenicity is 

not the only form of toxicity that may occur in titcro; any 
toxic effect that occurs m the adult is Likely In occur in the 
developing fetus as well. Can:itu>gerrtest-\ refers to the ahil- 
ily of a i' ompouud, or a carcinogen, to cause cancer C ’anccr 

cells are cells that have been able to avoid the sophisticated 

mechanisms thal control normal growth, development, and 
division. Induction of cancer by a compound involves 
many variables, including duration, dose, and frequency of 
exposure. Generally, carcinogens take 20 years or more to 
induce cancer, and the cause and effort relationship be¬ 
tween the compound and the cancer often is not recognised 
Induction of cancer is divided into three major steps: tmna¬ 
tion «conversion of ihe normal cell into i neoplastic cell). 

promotion . and pmgre.\xiim (Sipes and Pad. I99Kk Al¬ 
though some compounds cun directly interact with DNA. 
leading to a cancerous cell, most compounds must Hi-i k 

converted u> a reactive metabolite in order to covalently 
bond with DNA. Damage may still be avoided if DNA 
repair occurs before cell division. Cellular damage in- 
creases the stimulus for division of adjacent cells, leading 

1o a new cell type with new genotypic and phenotypic 
properties thal can then be transformed to a malignant cell 
under the correcl conditions. A number of compounds arc 

recognized to be initiating agents* targeting molecular 

DNA, whereas others are considered pmmorers . acting to 

increase the incidence of cancer or decrease the latency 


period without interacting with DNA. These latter com¬ 
pounds must be administered repeatedly and after the initial 

insult. Endogenous compounds such as growth factors or 

hormones may act as promoters (Sipes and Dart, I99H) 
Many compounds can induce cancer in laboratory ani¬ 
mals when ibey arc exposed to extremely high (non thera¬ 
peutic) doses for prolonged periods of time. Rarely do 
these compounds cause cancer in humans, and ic is even 
[none unlikely that they will do so in companion animals, 

in purl because iheir life cxpocLaricy is shoftci ihiiii thal of 

humans. Lifestyle changes that increase the risk of drug or 
toxicant-induced cancer in humans are likely to have ihe 
same effect in. animals as well: exposure to cigarette smoke, 
exposure to charcoal-cooked food, chronic consumption of 
Alcohol (hopefully not in animals), and consumption of 
"natural" foods many of which contain possible carcino¬ 
gens , 



The clinical manifestations of allergic drug reactions vary 
with the type of reaction and the body system targeted. 
Previous exposure to the drug must occur regardless of the 
type of reaction, or therapy must have been sufficiently 
long (i c. % 10 to 14 day s) for an allergic response to de¬ 
velop. Drugs generally are ton small in size to he suffi¬ 
cient!} antigenic. Rather, drugs generally act a* haptens. 

covalently combining with a body (issue that then becomes 
antigenic. As a result. Ihe allergic response may be directed 
toward the drug or tissue. 

Type 1 reactions (immediate of anaphylactic) are IgE 
mediated and result from Ihe release of chemical mediators 
(e,g , histamine, serotonin, eicosanoids) released from tis¬ 
sue mast cells or basophils, The reaction occurs within 
minutes after drug administration and regardless of the 

dose administered. Clinical manifestations generally in¬ 
clude nausea, vomiting, circulatory collapse, tachycardia, 
pulmonary edema T and neurologic signs. Urticaria and are 
gioedema may also be evident Clinical signs may be 

species dependent, depending on tlw “shock* 1 organ of the 

species. The shock organ generally is the organ in which 
mast cells occur in greater numbers, In the dog* the shock 

organ tends to he the liver and gastrointestinal tract: in (he 
cat. the shock organ generally is the lung. 

Sometimes the exact antigen that causes anaphylaxis 
js not known. Anaphylaxis in mieiolilacemic dogs after 
administration of microfilaricides is well documented. TTic 
specific antigen released by the effect of the drug is not 
known, however although the role of microfilaria is gener¬ 
ally recognized (Kitoh et aL 1994k When given to mi¬ 
cro hi are mic dogs, both dimethylcarbamazine and ivermec¬ 
tin can induce shock manifested peripheral vascular 

collapse, dyspnea, bloody diarrhea, and other clinical sign." 
and laboratory lest results consistent with anaphylaxis. 

Treatment of drug-induced anaphylaxis is itireded to¬ 
ward prevention of Che physiologic response to mediator 
release fi.e„ epinephrine and antihistamines} and preven¬ 
tion of further histamine release (e,g„ epinephrine and 

g S ucocorlicoids ; possibl y an.lift i slami nes). Supporti ve ther- 

apy is also indicated. Treatment cm a preventive bads helps 

decrease the manifestations of anaphylaxis by decreasing 
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the mast cell response, Dregs associated with type l allergic 
reaction in people indude penicillins, angiotensin-con- 
verting enzyme inhibitors (partjcuUtry in the first 3 weeks 
of therapy J. nonsteroidal an I i-i n flam m atones drugs 
(NS A IDs), and opioids. 

Some drugs can cause an anaphylactic-Like reaction 
(anaphylactoid) that is very similar to anaphylaxis but is 
not mediated by IgB (i.c*. ** not allergic or immune medi¬ 
ated) Selected drugs can cause direct mast cell degranula- 
um. Generally these drugs are cationic (basic) and include 
opioids (particularly morphine]. polymyxin, radiographic 
contrast materials, thiacctamunidc, and amphotericin B- 
Hypcrosmolar solutions such is mannitol can also cause 

direct mast ceil degranulation. Anaphylactoid reactions 
lend to be related 10 dose, and administration of a small 

test dose may help detect the likelihood of occurrence. 
Decreasing (he rate of drug administration as well as pre¬ 
viously described prophylactic measures also are indicated 
Type II reactions (cytotoxic) occur as antibody-bound 
blood cells become lysed and removed from circulation. 
Ly n is occurs due to direct binding by either IgG oi IgM. 
Complement may or may not be activated. Either stem 

cells in the bone marrow or mature circulating cells may 
be targeted. Red blood cells, leukocytes, and platelets may 
be targeted, resulting in hemolytic anemia, agranulocytosis 
and leukopenia, thrombocytopenia. or any combination 

(hereof. 

Type 111 drug reactions (immune complex disease, or 
serum sickness) is induced by antigen-antibody complexes 
involving cither IgG or IgM and complement activation. 

Circulating antigen-antibody complexes may be filtered by 

and lodged in the vasculature of a number of organs. 

including the kidney, central nervous system (CNS}, or 

peripheral vasculature Clinical sign* generally refer to the 
predominant organ affected but also include fever and 

lymphadcnopalhy The Anhui reaction is a variation of the 

type III reaction and is manifested as swelling and pain at 
the hie of drug administration. Among drug reactions in 
veterinary medicine, the potentiated sulfonamides are pmb- 
ahiy the most welJ+recognized cause of type III immune- 
mediated drug, reaction (Cribb, 1996). 

Type IV drug reactions (delayed hypersensitivity, cell 

mediated) reflect cellular response at the site of the antigen. 
Lymphocytes and macrophages infiltrate the site and cause 
mediator release that perpetuates the inflammatory re¬ 
sponse. 

The list of drugs that cause each type of drug-induced 

allergy is long and probably will remain incomplete, Al¬ 
though some dings are more likely to cause an allergy, it 
is probable that any drug can cause any type of allergy. 
Any body system may be affected. Diagnosing an allergic 

(or any adverse) drug reaction can be very difficult and 

generally requires de-challenge (Le., removal of due drug) 
and rechallenge. Hie ethics of rechallenge (i.e., risk io 
the patient) may not justify confirmation of a presumed 
diagnosis. When possible, adverse drug reactions in each 

of the body systems that have an allergic basis should be 
noted ms such, 

Drug-induced allergy can be life threatening. Vasculitis 
and scrum sickness arc more likely to become life threaten¬ 
ing when the kidney, liver, gastrointestinal tract, and ner¬ 
vous system become involved, Angioedemais life threaten¬ 
ing if mucosal edema threatens ventilation 



The liver is vulnerable (o drug-induced toxicity for several 
reason* (Opkiter, 1982; Plaa. 1985; Lee. I99J; Bunch. 
1993): 

1. It receives a large portion of the cardiac output and 

thus is exposed to large amounts of drug, 

2. The liver is a "portal of entry " for and is exposed 
to the greatest concentrations of orally administered drugs, 

3. Hie li ver is the major site of metabolite formation. 
Thus, the liver not only concentrates parent drugs but also 
is exposed to the greatest concentrations of their toxic 

metabolites, 

4. The liver is a site of drug and metabolite excretion. 

5. The liver is a highly metabolic organ and is suscepti¬ 
ble to toxicides that, induce hypoxia, interactions with en¬ 
zymes. or loss of energy substrates. 

The potential for hepaiotoxicity can be enhanced by 
dietary imbalance (high fat, low protein), presence of dis¬ 
ease concurrent administration of drugs that alter hepatic 

drug metabolizing enzymes or hepatic blood flow (Bunch, 
1993 k and age (Schenkers, 1994). 

Drug-induced and chemkoJ-induced liver injury have 

been classified into two categories (Ockner, 1982; Plaa, 

198,5; Bunch, 1993), Type I toxins, or intrinsic hepatotox- 

in&H cause Type A advene reactions, which are predictable 

and dose and time dependent and occur in most, if not alt, 
subjects exposed to appropriate doses of the substance,. 
Any drug metabolized by the liver probably can cause 

some degree of type 1 hepatic disease simply by Ehe produc¬ 
tion of phase I metabolites, which as a general rule tend to 

be (oxic because of their reactivity. Type 11, or idiosyncratic 

hepatotuxi ns* cause type B reactions, which are nonpredia - 
able and dose and time independent. Their occurrence is 

sporadic and not reproducible. 

Drug-induced hepatotoxicity (Table 3-1) is associated 
wub a wide range of histologic changes, from acute, revers¬ 
ible, and clinically benign lesions to those that cause fatal 
massive necrosis, chronic hepatitis, or malignancy (Ockner, 
1982. Plaa. 1985), Some drug* characteristically cause only 

a tingle lesion, whereas others cause multiple lev Oils. The 

lesions caused by any drug are rarely specific for that drug 
but can he caused by a variety of dregs or other disorders. 


Table 3 - 1 . Eximptss of Drugs Associated with Liver Toxicity in 

Sraal Animals* 


Acetaminophen 
Ana bote tfercwk * 
Aspirin 
Carpmfeii 

Deoiycbalic seid 

lliazepam leHM 
Etcwlolaci 
Glucocorticoids 
Griscofulvin (cab) 
Hilotunc t?> 

KctEk ■Ulii.-'LlJsf 

Meteadaznlt 


Me tan amine 
Me iboxytl unite 
Mctbo*rclM£ 
Mitnlecun: 
Megtstrole aceiaif 
(cats) 

Oribcndazrir 

PheDoftarblfci 

Pheoyr oia 
Pninkkwic 

Su!f«; BlOKtH 

TtwaKtirwrawSe 


*M*iy other drug* ih« sue metatoUnd hy Uxliwn pctmu»|l^ hepatoiack 

tniuK of [he prutkcUdl uf phase I rwettur ihctibultte. 

*Pafliewlafty m«hylwd stcradi (t|, L msmsh m dal). 

-11■■ the jMihof J * itpeMMi. 
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Frequently* drag induced hepatic injury is limited to 
select rcjzioas or zones te.g., central middle, or peripheral! 
sn tiie lobule (Ockner, 1982; Ran, 1985). Histologic lesions 
associated with drug hepatotoxicity include the following 
(Ockner. )9K2; Plan. 1985). Ztvml netmsis usually results 
from type J or predictable toxins. The production of toxic 
metabolites may be an important cause of zonal necrosis 
because drug metabolizing enzymes predominate in zones 
most likely to develop necroiU, In most cases of acute 
injury. the process is fatal or completely resolved. If expo¬ 
sure is chronic or recurring, however* the lesions may 

persist and progress, depending on the dose, agent* and 
health of the patient ijpid arcumulatifw t usually of triglyc¬ 
erides, may be associated cither with little alteration of 
hepatic function or with both clinical ami laboratory mani¬ 
festations of liver dysfunction. 

Ntinspecifit hepatitis, is seldom ,js«icmted with serious 

or progressive hepatic decompensation or failure .and is 
Jelly reversible after discontinuation of the drug. Chronit 

hepatitis usually requires continued exposure and is not the 
result of self-perpetuation of an acute lesion. In general, 
prompt and complete resolution of this lenon can occur 
after timely discontinuation of therapy with the inciting 
drug. Cirrhosis generally requires prolonged or repealed 
exposure to the loxin. Silent cirrhosis is a term used to 

describe the gradual evolution of liver disease to cirrhosis 
w tthour any clinical illness. Although methotrexate is 
among the most implicated drugs in humans* it is likely 
that many drugs that cause progressive liver disease do so 
"silently" for a long lime, 

Drug-induced t-hotesiasis is not well understood. Drugs 

can target bile duels or canaliculi. causing primarily chole¬ 
stasis without hepatocellular disease. When accompanied 
by an inflammatory infiltrate* systemic illness usually oc¬ 
curs, whereas cholestasis without inflammation is axsoci 

ated with no or very mild clinical signs. Recovery usually' 

occurs after discontinuation of drug therapy (Ockner, 1982; 

Plum, 19851, Drugs can also affect primarily sinusoidal or 
endothelial cells* causing primarily fibrosis or vena-ffcdu- 
\ive disease. Veno-occIusive disease tends io be predictable 
and is most commonly associated in people with anticaftccr 
drugs. An immune basis has been recognized for some 
drugs causing clinical signs consistent with chronic active 
hepatifu* 

Treatment of drug-induced liver disease is primarily 

supportive. Because reactive metabolites are often the 

cause of disease* or exacerbate disease, however* use of 

compounds shat help prevent metabolite damage lo the 

liver should be considered. Specific examples include N- 
acetyIcysicme, an intracellular form of glutathione; 
ascorbic acid, another type of oxygen radical scavenger; 
Mid 5-adenrey I methionine (SAMeh a compound that con- 

tubules to a number of methylation reactions in the body 
(see Chapter 27j. 


HEPATOTOXIC DRUGS 


Glucocorticoids 


Glucocorticoids consistently cause diffuse to centrilobular 
vacuolization and peri vacuolar glycogen accumulation in 


hepaiocyics (Badylak and Van Fleet* 1981: Fittsheit and 
Bellamy, 1984). Focal necrosis has been occasionally de¬ 
scribed in clinical cases. Similar lesions result with hypera- 
drenocorticism. In addition to serum biochemical changes 
consistent wiih liver disease, glucocorticokls also cause 
elevations in a steroid-specific alkaline phosphatase isoen¬ 
zyme. which can be discerned with the levamisole test* 
This increase (induction) is not considered indicative of 
liver disease if other indicators of livci disease are absent. 
The pathologic changes associated with, glucocorticoids are 
slowly reversible over 1 to 1 5 months after discontinuation 
of therapy. 


Inhalant Anesthetics 

Adverse reactions to inhalant anesthetics are unusual in 

veterinary medicine (Ndiritu and Weigel, 1977; Grant ei 
al., 1984) in part because duration of anesthetic exposurc 

is limited. Methoxyfluranc administration in dogs has occa¬ 
sional ty been associated with acute centri Lobular necrosis 
accompanied hy a mixed inflammatory infiltrate. Halo- 
thane-associated hepatic injury in the dog ha- noi been 

confirmed* although a clinical report has described a single 
taw of acute hepatic necrosis after its use. In humans, the 

degree and incidence of halothane induced liver damage 
do not appear to correlate with the duration or number of 
exposures and therefore has been suggested to reflect an 
idiosyncratic hypersensitivity. 


Anticonvulsant Therapy 


Although most dogs receiving chronic anticonvulsant ther¬ 
apy can be expected to develop abnormalities in serum 

biochemistries and hepatic function tests (Bunch et al.. 
1984. 1987),. only about 15% of dogs receiving long-term 

anticonvulsant therapy have been estimated lo be at. risk to 
develop serious hepatoioxicity. This risk is, however 
greatly increased tf drug concentration* approach the maxi¬ 
mum therapeutic range. Primidone is probably most com¬ 
monly associated with hepatotox kit) in dogs, followed by 
phcnobarbitaJ and then pbenytom in, combination therapy. 
One of the many reasons that phenytnin is no longer used 

as an anticonvulsant in dogs ts hepatotox icity, Two distinct 

forms of hepatotox ici ty have been ascribed to reflect the 
sequelae of anticonvulsant phenytnin in dogs (Bunch et al.. 
1987), The first (type B read ion I is characterized by clini¬ 
cal signs after extended treatment at lower than recom¬ 
mended doses and may result from an (unpredictable) idio¬ 
syncratic reaction. Indications are that histologic changes 

with ibis form will progress from chronic hepatitis to 
cirrhosis. The second form is more frequently characterized 
by intrahepatic cholestasis and is associated wiih a poor 
prognosis. This form of liver d:se-a.se has been associated 
with high doses of phenytoin m combination with primi¬ 
done or phcnobarbitaJ and may represent an intrinsic hepa- 
toioxicity. Toxicity may be enhanced by concurrent admin¬ 
istration. of drugs (such as phenoburbital) that induce drag 
metabolizing enzymes ami therefore increase the formation 
of potentially toxic (particularly phenytoin) intermediates. 
In the author T experience* phcnoharbital-induced hepa- 
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FigufB 3-4. The foer from a dog thiu died Ifum end wage liver <tUe*«. 
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miHilfr*. fisc clinical pjihology [■Dgreued from formal to indu alive of 
end-aape (tucw within a 3 iiHrnrh pencil 


Coloxtaty (Fig. ,3-4j is type A or dose-de pent Jem, although 
an idiosyncratic reaction may also occur. Phc noharhital - 
induced bcpalolox ic i ty is more likely to occur in patients 
whose phcnobarbilul concentrations arc more than 35 fig/ 
mL: Ihc longer the patient is above this concentration, the 
more likely toxicity will occur iDayrelMdart ct ah, 1991). 
Although it has yet to he proved* animats requiring higher 
doses of phenobarbital to maintain a specific concertt ration 
of phenobarhitiU (even if in ihc therapeutic range i may be 

predisposed to toxicity compared with a dog that requires 
a lower dose tu maintain the same concentration. The need 


for a higher dose in the former animal probably reflects 
enzyme induction, more rapid elimination of phenobarbiiul. 
and therefore a greater number of toxic metabolites. 
Detection of pheoobarfeital*induced he pato toxicity js 

complicated by the fact that phenobarhit.il also induces 

serum alkaline phosphatase and serum alanine transaminase 
activities, but the increase is not necessarily associated 
with hepaiotoxicity. Clinical laboratory tests associated 
with toxicity include changes m tests indicative of hepatic 

damage such as increased activity of serum alkaline phos¬ 


phatase. alanine transaminase, and aspartate transferase; 
changes in tests indicative of hepatic function, such as 

increased scrum bile acid concentrations, and, w ith increas¬ 


ing severity, decreased scrum albumin, blood urea nitrogen, 

and cholesterol concentrations. Toxicity can occur within 
several months but appears reversible if the dnig h diseon 
iijiued be five tihrotic disease develops i Bunch* 1993k 
Decreasing drug concentrations should also reduce the 

progression of chronic disease to cirrhotic disease, although 
what constitutes a "safe" target phcnobarftital conceutra- 
lion in these patients has not been documented Bromide 
therapy should be initiated for patients with liver disease 
(regardless of the cause! who must also receive anticonvul¬ 
sant therapy (sec Chapter 24k Despite its ability to cause 
hepatoloxidly, phenobarbetal appears to be a safe and effec¬ 
tive anticonvulsant if drug concentrations can be main¬ 
tained well below the recommended maximum 


Diazepam may cause hepatoloxicity in cats (hkton et 

id * 1993k Reports have focused on cals receiving diaxe- 
pant as an appetite stimulant rather than as an anticonvul¬ 
sant. Manifestations include vomiting, depression, jaun¬ 
dice, lethargy, and acute death. Clinical laboratory tests 
associated with toxicity include increased serum aJamnc 


Acetaminophen 









Metnemogiabmemia 



necrosis 


Toxic metabolites 


Scavengers 


Glucuron (elation 


Pha&e i metabolism Glutathione 
Cytochrome P450 

i 


Figun 3 - 5 l Aci-i jinpihi| k l>cn toucity reflect* A cyt'.m ** it type A 
•d'kcrx rtatfim. Bct-juu*^ cult ire (feu etc tit tn ^hrcUnHiHl^lkn, 
ptuw II rTvuit«oti.sFn is cculy (iverwhclinwl. and Jiup is 
vh Lulled KKR Jtfgrcuiv*!} biMik into phase I eiuLlIviI'imii. TbC 

same prices* oeeuns in dog* aher an overdone The product* 
of phusc t niel-iholivm are reactive -ijkI l.lu^c liemnalitni of 
livujch i liver and red h|,wxJ cctln. Q|u 1 jiUi»*ic p an impnfUuil 
phuc 11 ■h. avenger, prevent damage Nn n, casilv depleted in 
catv Supplcmrnuimn m the form of ,V-«crulcv victnc etui 

Jet il* .tse diim-ige Cimcticljne is Use ltd because it dLxrewves 

pha^e f mefiihoHun ami ihut die form irion of phju: t meiuho- 



Cimetidine 

inhibits 


w-acetylcysteine 











§ 


Dnif-LtJuccd Du«b.^ * 47 


transaminase, aspartate transferase, and alkaline phospha¬ 
tase activities and increased bilirubin. Toxicity does not 
appear to be associated with the dose or duration, Toxicity 
lias not been experimentally induced, suggesting that the 
reaction is idiosyncratic (t e,. nonpredicrable). 






Acetaminophen i> a predictable hepatotoxin in the cat 

tOdiinc, 1986c although rndhtMiiu^bbincmia is like pre¬ 
dominant manifestation of toxicity. Must acetaminophen h 
normally conjugated to glucuronide, with a smaller portion 

undergoing drug metabolism to both non toxic and toxic 
metabolites. Generally, the toxic metabolites are removed 
by glutathione conjugation. Because the cat is deficient in 
glucuronyl iransferase a larger proportion of acetamino 

phen is ■^bunted to form toxic metabolites, which rapidly 

deplete glutathione (Fig, 3~5l Toxic metabolites accumu¬ 
late and cause acute hepatic necrosis and systemic methe¬ 
moglobinemia, Treatment is oriented toward supplementing 
glutathione bv the administration of ^acetylcysteine, a 
glulhionc precursor that can penetrate cell membranes, 
Cimetidine has also been, suggested because it is a potent 
drug metabolizing enzyme inhibitor and may prevent or 
reduce metabolism of acetaminophen to toxic intermediates 
if administered within 4-8 hours of ingestion. 

Cl ini co I signs of aspirin toxicity (more iikely in cars < 
are similar to those seen in human medicine lOchmc, 
1986 ■. Subtle changes in liver function reflect nonspecific 
hepatitis, the primary histologic lesion, Most NSAIDs are 
probably associated with hepatic disease, although reported 
incndcnb. arc isolated. 

The use of curprofcn has been associated with liver 
disease m dogs. This topic is discussed in Chapter 16 


Mebendazole and Oxi bend azole 


Table 3-2. Examples erf Drug* Associated with Kidney Toxicity m 
Small Animats 


Amiiwglyoohides 

Asipiotcft^m-ccmvcrting enryme intuNtiim 

Amphoteric in B 

fL'cphilnn<fcnc 

Mfituiyflunne 

N>itwteim&l snU-ioZlajEUiiatiinc'i 

SuHflRMnides 

TfUdUbnaniidi: 

"fciMcythnev 



Thiaceiar&ainide tCaparsolaie) is associated with hepatic 
injury in humans and animals Chronic exposures in hu¬ 
mans are more likely to cause clinically significant hepatic 
disease, Htpoiutuxicit) is, how-vver, a common complica¬ 


tion of acute administration of thiacetarsamidc for heart 
worm disease in (logs, although residual effects after the* 

jpy is completed arc not expected (see Chapter 30). In. 
normal animals, mctarsominc causes less hcpatutoxicity 

and renal toxicity than thiacciarsamide (Raynaud, 1992|. 



Bile ac ids are hepatotoxk, and they contribute to die devel¬ 
opment of hepatitis in patients with cholestasis, regardless 
of the origin. Bile acids arc also used therapeutically as 
choleretics. Among the Ink- acid* present endogenously 
and used therapeutical I >x however, those that are lipid solu¬ 
ble |Le., denxycholic acid) are more hepatotoxic than those 
that are water soluble (ursodeoxycholic avid), Ursodeoxy* 

cholic acid rather than dcoxycholii: acid should be used for 
therapy. Bile acid therapy should be discontinued m the 
event of cholecystectomy. 


Acute centrilobular hepatic necrosis and fatal fulminating 
hepatitis hav e been reported in dogs after the clinical and 

experimental administration of the anthelmintics mehemla- 

zole and oxibcndazolc (Polzm ct al.„ I98L Van Cavtcren 
ct al.„ 1983). Clinical signs were evident in a.s few as 2 
days or as. many as 10 to 14 day* after admjnivtration 
Although mebendazole wax originally thought to be an 
intrinsic hcpaiouoin. other studies suggest that it is idio¬ 
syncratic. 


Sulfoncmides 

Sulfonamides can cause toxicity of multiple organs, includ¬ 
ing the liver (Cribb, 1996; Twcdi ct aL 1997), There docs 
not seem to be a difference among the sulfonamides in 
the likelihood of toxicity. In one report that supports an 

idiosyncratic reaction, the duration of therapy before hepa- 
totox icily developed ranged from 4 to 30 days, and the 
dcse ranged from 18 to 53 mg/kg every 12 hours (Twcdi 
et aL 1997). 


Like the liver, the kidney is vulnerable to drug-induced 
toxicity for several reasons (Tabic 3-2) (Hook and Hew¬ 
itt, imS): 

1. Renal blood flow accounts for 25% of cardiac output, 
hence the kidneys are exposed to large amounts of blood 
borne drugs.. 

2. Reabsorption of salt and water in ihe proximal tu¬ 
bules results in progressive concentration of drugs in the 

glomerular filtrate. 

3. Passive drug reabsorption exposes the nibuks to even 
greater concentrations of drug. 

4. The kidney contains drug metabolizing enzymes, 
thus increasing its exposure to potentially toxic metabolites 

5. The kidney is sensitive to cxtrarcnal factors Ic.g,, 
those ihat induce ischemia or dehydration) that can predis¬ 
pose the kidney to or exacerbate drug-induced renal dam¬ 
age h) drugs ■ Hiiak and Hewitt, 1985; Hornyck, 1984). 

Specific cellular m subcellul&r sites of nephrotoxins 
frequently are not known. Usually a toxin affects more 
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than one type of renal tissue because of the high drug 

L oriuTii.rutLi.inv to which the kidney \< exposed The gUmier- 

ulus is susceptible to diieci nephrotoxicity as well as to 

indirect toxicity such as that caused by immunologic injury 
(Hook and Hewitt. I9R5I. Many ncphmtoxins cause pre¬ 
dominantly proximal tubular damage. This is expected -n 
pan because blood flow is greatest in the renal, cortex, 
where the proximal tubules arc located. Variations in proxi¬ 
mal tubular susceptibility to toxins may reflect different 
tubular functions iBook arid Hewitt, 1985 Engelhard! and 
Brown, 19871 


NEPHROTOXIC DRUGS 

Aminoglycosides 

Despite die nephrotoxicity associated with therapy, amino¬ 
glycosides remain an important part ot antimicrobial ther¬ 
apy, Although the mechanism of nephrotoxicity is not com¬ 
pletely understood, recent advance in understanding 

aminoglycoside actions may help prevent die incidence of 

nephrotoxicity (Brown el at, 198?: John, 1988; Moore 
et al., 1987; Powell et al.. 1993; Muller et *1., 1993). 
Aminoglycoside-induced nephrotoxicity is also discussed 
in Chapter 9, 

Reversible renal impairment occurs in up to 2f>% of 
human patients receiving aminoglycosides for mote than 3 
days, Less of prostaglandin synthesis appears to be an 
important part, of’ Ihe pathophysiology. In addition, ammo 

glycosides actively accumulate in the brush border of corti¬ 
cal proximal tubular cells and are trapped in lysosomes 
During accumulation, tubular cells become damaged, and 

cellular enzymes and other contents are destroyed or re¬ 
leased Myeloid bodies containing DMA, RNA. and the 

ami nuglycoside-fi lied ly&u&omes accumulate with eventual 
lysosomal disruption. Among the enzymes inhibited arc 

phospholipases important for prostag!andin synthesis. The 
initial decrease in glomerular filtration that accompanies 
aminoglycoside therapy may be associated with ihe inabil¬ 
ity of the kidney to vasodilate in response to vasoconstric¬ 
tor actions such as that signaled by angiotensin EL. 

Avoidance of aminoglycoside nephrotoxicity r handi¬ 
capped by the lack of a sensitive, specific indicator of 

renal damage. Renal damage is tini indicated by increased 

excretion of brush bonder enzymes such as alanine amino- 
peptidase and alkaline phosphatase, but their release is not 
specific for renal toxicity. Decreased renal concentrating 

ability, proteinuria, and cast formation are followed by a 
reduction in glomerular filtration rate and azotemia These 
arc. however, insensitive indicators because major damage 
ha^ and will continue to occur by the time these ahaormali- 
tics are evident Move recently, spot checks of urine creati¬ 
nine to y-glutamyluansferase activity has been suggested 

as a method lo detect ot monitor aminoglycoside nephro 

toxicity (tinnier et al., I99M. Avoidance of nephrotoxicity 
is crucial to therapeutic success with aminoglycosides and 
is discussed in Chapter 9.. 


Nonsteroidal A ntf-inflammatory Drugs 

The role of prostaglandins in renal physiology is particu¬ 
larly important to the kidney subjected to vasoconstrictive 


signals. Both PGE* and PGI„ T cause or maintain vasodilation 

of renal arterioles in the face of vasoconstrictive sub¬ 
stances, As a result renal blood flow, glomerular filtration. 

and the Altered load of sodium and water are maintained, 
and reabsorption of sodium and water is decreased. Patho¬ 
logic conditions associated with increased prostaglandin 
activity include decreased plasma volume such as might 
occur with volume depletion, cirrhosis with ascites, the 
nephrotic syndrome* and congestive heart failure; renal 
diseases le.g., chronic renal failure, chronic glomerulone¬ 
phritis* and interstitial nephritis); and selected other renal 
conditions such as renovascular hypertension, hydrone¬ 
phrosis, and ureteral obstruction. 

NSAlDs inhibit the synthesis of renal prostaglandins 
and may lead to deterioration of renal function in patients 
whose kidneys arc physiologically stressed (Angin, 1987; 
Dunn et al., 1988). Analgesic nephropathy is associated 
with long-term use (or abuse) of high doses of MS Al Ds. 

The syndrome is more common in human patients than in 

veterinary patients, probably because therapy with NSAlDs 
is prolonged in the human patient and often occurs without 

physician supervision. NS AID therapy is also more com¬ 
mon m geriatric poiims, who are more likely to have 
reduced renal function. Among animals predisposed lo 
developing analgesic nephropathy are genuine animats; 
animals afflicted with conditions that impair renal blood 
flow (e.g., cardiac, renal, or cirrhotic liver disease); animals 
subjected to a hypotensive state <e.g.. prolonged anesthesia 
without fluid support); and animals receiving nephroaclive 

or nephrotoxic thugs in addition to the NS AID, Patients 
receiving more than one N5AID, aminoglycosides, or am¬ 
photericin B are potential candidates for analgesic nephrop¬ 
athy iSelig et al„ 1990), Animals also receiving angioten¬ 
sin-converting enzyme inhibitors may be more susceptible 
to analgesic nephropathy ISelig et aL, 1990). Interstitial 
nephritis, a less common syndrome associated with NS AID 

use by human patients, ba-s not been reported in animali. 

The cause of this syndrome appears to be a cell-mediated 

allergic response. Loss of renal prostaglandins may potenti¬ 
ate the disease as inflammation progresses unchecked. 
Recent studies focusing on the nephrotoxic effects of 

NSALDs indicate that the deleterious effects of NSAIDs on 

renal function may be counteracted with the PGE, analogue 

misoprostol lFullerton et ui. 1993), The cytoprotcctive 
effects of misoprostol in the gastrointestinal tract and its 
efficacy to ihe protection and treatment of gastroduodenal 
ulceration associated with NSAIDs have been well estab 


fished, Misoprostol has been cited for its imrmmoiwduje- 
lory, cytoproteciive. and vasodilatory effects in many tis¬ 
sues Lind is being studied for its efficacy in a variety of 
renal conditions It has been used d local I y by human 
patients suffering from clinical conditions associated with 
peripheral or renal vasoconstriction Controversy exists re¬ 
garding the effects of misoprostol on renal function These 

effects may be dose related, with nairiuresis, diuresis, and 

vasodilation occurring at low doses and vasoconstriction 
and impaired salt and water excretion occurring at high 
doses. Misoprostol may become a drug important to ihe 
management of a variety of acute and chronic renal disor¬ 
ders and. in particular, drug-induced nephropathies, 


Angiotensin- Converting Enzyme inhibitors 

Angiotensin-converting enzyme f ACE) inhibitors have be 
come important in the treatment of hypertensive small 
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animals. Among ihc:r actions, these drugs block conversion 
of angiotensin 1 lo angiotensin Jl. Some of the pathologic 

sequelae that accompany stimulation of the rcron-angioten- 
sin aldosterone (RAA) system are attenuated os angiotensin 

If is inhibited. The RAA system, and particularly angioten¬ 
sin If, is the principal autoregulaiory mechanism that main¬ 
tains renal perfusion in the presence of low arterial pres¬ 
sures (Abbott and Bakris, 1993). In the kidney, angiotensin 
regulates both renal blood How and glomerular filtration 
rate by modulating constriction of the postglomcrular effer¬ 
ent arteriole. In addition, tubular sodium is reabsorbed, and 
nemo release is inhibited. The ACE inhibitors are being 
actively researched for their ability to protect the kidney 
from progressive renal disease, including the deleterious 
effects of proteinuria (Gansevtxsrt, 1997; Ibrahim 1997). 
However, they also are recognized a* capable of causing 
deleterious effects on renal function. 

Inhibition of ACE and thus angiotensin It results in 
attenuation of postglomemJar efferent arteriolar constric¬ 
tion. As ihe efferent arteriole dilates, glomerular hydro¬ 
static pressure decreases, which can lead to decreased glo¬ 
merular hired I ion This is particularly likely if (he RAA 
system is activated, as ina> occur in volume-depleted or 

sodium-restricted patients. For example, patients suffering 
from heart failure may he predisposed to reduced glomeru¬ 
lar filtration when ACT inhibitor therapy is begun. 

As cardiac output diminishes with fhc progression of 
heart failure, reflex efferent arteriolar tone becomes in¬ 
creasingly important to the maintenance of glomerular fil¬ 
tration iMilfei 1992; Mungcr. 1993*. As ACT inhibitor 

therapy is begun, inhibition of ACE results in a decrease 
in total peripheral vascular resistance, renal vasoconstrie* 
tior,, and renal perfusion pressure. Net glomerular filtration 
pressure decreases as renal hemodynamics change. Renal 
filtration generally is maintained with ACE inhibitor ad¬ 
ministration in these patients as long as cardiac output 
improves with therapy. Decreases in systemic vascular re¬ 
sistance. renal efferent arteriolar tone, and glomerular fil- 
lration must, however, be balanced by a concomitant in¬ 
crease in cardiac output; otherwise, glomerular filtration 
will decrease. Decreased glomerular filtration after ACT 

inhibitor therapy is more likely to occur in the presence of 

excessive vasodilation, moderate to severe volume deple¬ 
tion, or minimal myocardial reserve. Initial acute treatment 
of sick patients with cnalapril can decrease both creatinine 
clearance and glomerular filtration rare. Assuming renal 
damage is not irreversible, however, chronic treatment gen¬ 
erally causes glomerular filtration rate to return to base¬ 
line levels. 

Amphotericin B 

At least 80*$ of human and probably a similar percent of 

veterinary patients receiving amphotericin B develop renal 
damage and dysfunction (Hook and Hewitt. 1985; Sonde 

and MondeII, 19861. The degree of damage is proportional 
to the amount and duration of therapy. Most damage is 
reversible once therapy is discontinued, but a small amount 
of residual damage usually persists Damage occurs in both 

the proximal and distal tubule. Nephrotoxicity consists 
of into use renal arteriolar vasoconstriction, which induces 
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ischemia and tubular damage due to binding between am 

phoiericin and the cholesterol component of lipids of the 

tubular cell membranes (see Chapter 111 Changes m cell 
permeability result in internal cellular acidification and 
cell death. Clinical signs reflect renal tubular acidosis and 

concentrating defects (polyuria and polydypsia) Prevention 
of toxicity is facilitated by preircntmem with sodium-con- 
laming (isotonic) fluids, short-acting glucocorticoids and 
antihistamines, and concurrent administration of bicarbon¬ 
ate and mannitol (Pyle, 198IK Therapy with amphotericin 
should be discontinued if serum urea nitrogen concentra¬ 
tions rise above 50 mg/dL. 

Other Drags 

Cephalosporins, particularly cephabridine, may also cause 
acute proximal tubular damage (Hook and Hewitt, 1985). 
Cephaloridtne h concentrated in the kidney, particularly in 
the cortex, Cephaloridine nephrotoxicity may depend on its 
metabolism to toxic intermediates. Although cephaloridine- 
indueed nephrotoxicity is well recognized in humans, veter¬ 
inary reports are rare (Brown et al., I9S5K 

The antianabolic effects of ietnu.'vclines may result in 

elevations of serum urea nitrogens (Hook and Hewitt, 
1985), In addition, tetracyclines occasionally may produce 
renal medullary toxicity. Outdated tetracyclines may cause 
proximal tubular damage characterized by polyuria, glucos- 
oria. and aminoaciduria (* Eanconi-like syndrome K 

Sulfonamidet may reach large enough unitary concenirti- 

tions that the) crystallize and cause renal tubular obstruc¬ 
tion The incidence of toxicity has, however* been <te 
creased with the advent of drug combinations m which the 
total amount of a single sulfonamide has been decreased 
Example preparations are ihose containing multiple (triple) 
sulfonamides and the "potentiated" products containing 

lxmiethropr.nl in combination with a single sulfonamide. 

All sulfonamides should, however* still be used with cau¬ 
tion in animals with impaired renal function, and care must 
be taken to maintain the hydration status of the patient 

(Bushby, 1980)., 

McfhtixyjUirane causes a dose-dependent, high output 
nephrotoxicity in humans Toxicity appears to be the result 
of oxalate metabolites and inorganic fluoride. Oxalate me¬ 
tabolites crystallize in and obstruct the tubules, whereas 
inorganic fluoride produces tubular necrosis fPolzin ei aJ.. 

1981), Veterinary reports of methoxyfliirune- induced neph¬ 
rotoxicity are rare, probably because veterinary patients are 
at j reduced risk of developing nephrotoxicity because 
exposure (surgery I times are much shorter than in humans 
(Pcdcrsoli* 1977), 

Tn valent anenirah such as itiiacetarsamide denature 

proteins by binding to sulfhydryl groups 'The glomerulus 
is often the tint site of amenical-induced nephrotoxicity., 
but proximal tubule damage predominates, prohabl) be¬ 
cause of the large number of only sties that are denatured 

in this region (Hook and Hewitt, 1985). Initial proteinuria 
is followed by tubular necrosis and degeneration. 

GASTROINTESTINAL 

Most orally administered drugs are probably capable of 
causing nausea ur vomiting simply due to irritation of' the 




n 
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gastrointestinal Had mucosa. Erythromycin, for example, 
is a prokinctic agent and, ax such, may cause upset in up 
to 50% of animals taking the drug. A patient with disease 

of the gas!rc»in!e$tina> tract is predisposed to these side 

effects. Many intravenous drugs also cause nausea or vom¬ 
iting, particularly if given rapidly because of stimulation 
of the cheme receptor triggering roue. A number of drugs 
are recognized for their tendency to stimulate this /one 
regardless of the route of administration. Examples include 
digoxin, anticancer drugs, and most opioids. 

Any drug that is anttaitabolic or inhibits cellular division 
is potentially toxic to the gastrointestinal tract by impairing 

the rapid turnover of epithelial cells in the mucosa (Table 
3-3). Tetracyclines and chloramphenicol ait anti anabolic, 
although long term administration is necessary before these 
drags affect 'the gastrointestinal tract, Anricancer ebemfr 

therapeutic drugs best exemplify drags that decrease epi¬ 
thelial cell turnover. Among the drugs most commonly 
causing gastrointestinal disease in veterinary medicine are 

the NSAIDs. These drugs inhibit prostaglandins, which in 
the gastrointestinal tract mucosa serve lo inhibit gastric 
add secretion, stimulate bicarbonate and mucous produc¬ 
tion and epitheliaLizatkm, and increase blood flow: Among 
the nonsteroidal drugs most likely to cause gastrointestinal 

tract ulceration are aspirin—which also directly irritates 
the gastrointestinal tract mucosa—and ihuprofen, whose 
therapeutic range in the dog appears to he higher than the 
toxic range. Treatment of nonsteroidal induced lox icily 
should include sucralfate and misoprostol (prostaglandin 
E) and, if necessary, an inhibitor of gastric add secretion 
such as ranitidine. Selected antimicrobials alter the mi- 
croflora of the gastrointestinal tract and can subsequently 
cause diarrhea. Achlorhydria induced by a number of drags 
can lead to gastrointestinal upsci by changing micro flora. 


CENTRAL NERVOUS SYSTEM 

Because of the brain's role in integrating the body, toxic 
injury' to one of its areas can result in manifestations from 

another rite likewise, drugs that cause injury lo other 
systems can result in CNS damage due to metabolic 
changes ie,g.. hypoglycemia, hypoxia). The high metabolic 
rate of neurons and the marked need for nutritional support 
render this system more susceptible to damage (Sipes and 
Dart, 1998? Neurons arc imi(|iiLey dependent cm ihe cell 


Table 3-3, Examples Drug-Induced Diseases uf the 
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bt«Jy to provide support far the dendrites and axons; the 
axon, which is devoid of metabolic function, depends on 
axonal transport for supplies to meet its metabolic needs. 

Drugs or chemicals that interfere with axonal transport 
(acrylamide and n-hcxanc) ultimately lead to axonal atro¬ 
phy (Sipes and Dari, 1998). The CNS is also uniquely 
lacking in regenerative capacity. Lesions of CNS damage 
thus accumulate, leading fo additive effects after subse¬ 
quent exposures to a toxic compound as well as to delayed 
manifestations when neuronal reserve can no longer com¬ 
pensate for the abnormalities. Some toxicides may not 
occur until age-related attrition of neurons causes decom¬ 
pensation. thus prolonging the lime between cause and 
effect And decreasing the likelihood of recognizing the 
relationship between exposure- and neurotoxicity {Sipes ami 
Dart, 199H), 

The bjood’brain barrier limits the incidence of adverse 


reactions in the CNS. Increased peri no ,i h i L ity of ITUs harrier, 
however, such as might occur in pediatrics or disease, 
predisposes animals to CNS reactions. All CNS active 
drugs are likely to cause CMS "ligns” if given in too high 
a dose. Drags that can induce seizures in epileptic patients, 

and should therefore be avoided, include phenothiazino, 
butyruphenofles, mctoclopramidc, trieyclic antidcpncssuiLs, 
and reportedly (although literature is minimally supportive 
of this fact) glucocorticoids (Table 3-4), The CNS toxicity 
of ivermectin, and to a lesser degree of milbemydti. occur* 

due lo blockade of GABA-receplor interactions (Neer, 

1991; Pallium et al-, 1985; Tranquil] et al„ 1991), The 
toxicity bte been well documented in sensitive breeds such 
as collies and Australian shepherds, perhaps because of 
greater permeability in the blood-brain barrier. Doses as 
hide as 100 pig/kg can cause toxicity in these breeds. 
Toxicity will, however occur in any animal dial i- suffi¬ 
ciently overdosed. Clinical signs- include emesis, diarrhea, 

salivation, fever, disorientation, ataxia, trembling, seizures. 


depression, coma, and blindness. Clinical signs may not 
occur for 2 It? 3 days. Picrotnxin and. physosttgmine 10,06 
mg/kg> slow IV have been recommended as an antidote. 
Picmtoxin is associated with toxicides (seizures) and its 
effective use is not recommended unless the patient is 
comatose One report cites a dose of I tng/mm (as a 0,1% 
dilution in 5% dextrose) given as an JV drip until clinical 
response was evident (8 minutes). Seizures in the patient 
responded to anticonvulsant therapy {Sivine, 1985), Sup¬ 
portive therapy is also indicated. 

Amitru is a monamine oxidase inhibitor that prevent* 
the metabolism of ncurotransminers such as norepineph¬ 
rine Sedation, depression, ataxia, and weakness are the 

manifestations. Yrihimbmc, an a 2 -adrencrgic blocker, can 

be used to reverse the signs of norepinephrine accumula¬ 
tion. Metronidazole can cause CNS derangen k i l Es in dogs 
receiving more than 60 mg/kg. Signs may not occur for 7 
to 13 days after therapy is begun. Clinical signs include 

ataxia, nystagmus, and seizures.. Clinical signs may lake 2 

weeks to resolve; therapy is supportive. 

The potential foe phosphate enemas to induce life-threat 

ening CNS derangements has been well documented, par¬ 
ticularly in -cats. Toxicity is associated with hyperphospha¬ 
temia. hypocalcemia, hypernatremia, hyperglycemia, 
hyperosmcdality, and metabolic acidosis. Onset of clinical 
signs (ataxia, tetany, convulsions, weak pulse, and hypo- 
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thennia} is rapid and may rapidly progress to death. Treat¬ 
ment is supportive, including calcium therapy. A similar 
phenomenon has been reported after administration of a 
phosphate-containing urinary aciditier m cals (Fulton and 
Fruechte, 1991). Benzyl alcohol can cause CNX toxicity. 

particularly in cats,. The drug rapidly metabolized to 
benzoic acid and 'subsequently to hippuric acid and benzyl 
glucumnide. Glncuronide deficiency m cats results in accu¬ 
mulation of benzoic acid after u single dose of 0.45 or 0.3 
mg/kg per day. Clinical signs include hyperesthesia, ataxia. 

muscle fasciculations of the head and neck. aggrcssiim. 

salivation, depression, coma, and death. 

The fluorinated quinolones have received some attention 
recently for their possible CNS side effects and, in particu¬ 
lar, potentiation of seizures. The mechanism of action ap¬ 
pears to be inhibnion of GABA-reeeptor interactions and 
may although this has :\ot yet been proved) be facilitated 
by the presence of NSAlDs {Hal Li we] L 1991 >. High doses 
arc therefore to be avoided, particularly in predisposed 
patients. Several other antibiotics arc associated with CNS 
toxicity in people (Thomas. 1994) These include the- p 
lactams with imipenem ami cefazolin being the most epi¬ 
leptogenic {see 'Iable C-4). The aminoglycosides cause 

peripheral neuromuscular blockade by interfering with cal¬ 
cium-mediated acetylcholine release. This effect is potenti¬ 
ated in the presence of other neuromuscular blockers and 
anesthetics. 

Tricyclic and other antidepressants cur cause a variety 
of ( NS disorders hy virtue of their stimulatory effect on 
several t NS neumtrans nutters and potentially inhibitory 


effect's at other sites. Because these transmitters often mod- 
uiMe the normal physiology of multiple body systems, the 
clinical manifestations of reactions to these drugs can be 
diverse and subtle Manifestation* related to the CNS in¬ 
clude seizures, change in behavior, and depression. Many 
of the side effects caused in people probably cannot he 
detected in animals (e g,, blurred vision, dizziness, dry 
mouth). These drugs have not been well studied in animals, 
but clinical reports suggest up to 25 % of animals may 
show on adverse reaction to these drugs ( finical signs 
include increased or decreased appetite, hyperactivity, poly- 
dypsia. diarrhea, anxiety, and fear. The disposition of the 
drugs in people includes lipid solubility hepatic metabo¬ 
lism and high protein binding, all which are conducive in 

drug interactions. Toxicity is enhanced when drugs arc 
used lei combi nation. Because the effect of these drugs take 
several weeks to he realized, doses may be inappropriateJ y 

increased, further increasing the risk of toxicity. 



Ototoxic drags can damage the auditory or the vestibular 
or both function!! (Huong and Schachl, 1989: Griffin, 1988) 
(Table 3-5). Auditory toxicity is often unrecognized, partic¬ 
ularly in the older patient, unless complete deafness occurs 

Vestibular ototoxicity might be detected as. nystagmus or 
head tilt. Other clinical signs te.g., tinniiusi arc likely to 

occur in humans, but these side effects Large!) go unrecog¬ 
nized in animals. Ototoxic drugs generally are associated 
with loss of hair cells in the organ of Com. although the 
biochemical mechanism is seldom known, Ototoxicity cm 
he either reversible or irreversible. 

Aminoglycosides are well known for their ototoxic po¬ 
tential. Ototoxicity induced by aminoglycosides is irreverv 
ible. Unlike in renal tissues, aminoglycosides are not accu¬ 
mulated in perilymph, and drug concentrations generally 
are less in perilymph than in serum Tie half-life of the 
drug is, however, much longer in the perilymph than in 
serum, surpassing that in serum by 'days to weeks Proposed 
biochemical mechanisms of ototoxicity include impaired 
glucose metabolism or inhibition of polyphosphoinositide 

turnover. Ototoxicity is enhanced by Lhe presence of Imp¬ 
acting diuretics such a* furosemide Although allow mg 

serum drag concentration!! to become nondetectablc does 
not necessarily prevent ototoxicity, low trough concentra¬ 
tions are still the best means of preventing ototoxicity. The 
potential for ototoxicity varies among the aminoglycosides, 


Table 
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with streptomycin surpassing that of ihe other aminoglyco¬ 
sides. There is. however, no consistent pattern in the poten¬ 
tial for ototoxicity caused by gentamicin, tobramycin, or 

amikacin Neiilmiein. Ihe newest of the aminoglycosides, 
may cause the least ototoxicity, Fluonnated quinolones also 
may cause ototoxicity when given topically, 

Other drugs that cause irreversible ototoxicity include 
vincristine and vinblastine, Cisplat in is a newer ancmeo- 
pbslic drug that causes irreversible ototoxicity alter accu¬ 
mulation of multiple doses. Toxicity occurs in the hair cells 
of the organ of Coni and causes predominantly auditory 
damage. Toxicity can be unilateral (hence may not be 
recognized) or bilateral Occasionally ototoxic effects are 
transient. 


Some disinfectants (e.g,, 0.59F chlorhexidme in 70% 
alcohol) or carrier agents te g,* propylene glycol i can cause 
ototoxicity. These drugs cause both vestibular and auditory 
side effects. Whereas chlorhexidine can cause almost com¬ 


plete destruction of the vestibular and auditory apparatus 

(in animal models), 70% alcohol does not appear to cause 

any ototoxicity. Quartern ary ammonium disinfectants le.g,, 
0.1% benzeihonium or hcnzaJkonium chloride) arc among 
the most ototoxic compounds studied, lodophors also cause 
ototoxicity, bui damage will not be as profound as with 

quartemary ammonium compounds 

Several drugs cause reversible ototoxicity. Moan notable 

arc the loop diuretics such us furosemidc. The ability of 
furosennide to enhance aminoglycoside ototoxicity when 
ihe two are given in the same patient has been well docu¬ 
mented, Furosemidc can also, however, cause ototoxity 

when given by itself, particularly at high intravenous doses 

Hearing loss induced by furosemidc may be transient 
Damage appears to occur in the cochlea. 

Aspirin, but apparently no other NSAll>. can cause 

transient hearing lost. Clinical signs generally resolve 

within 48 to 72 hours. Several possible sites of damage 

have been recognized, including a vascular basis (i.e +t loss 
of vasoactive prostaglandins ) or impaired neurotransmis¬ 
sion, Other drugs known to cause ototoxicity include local 
anesthetics (0.5% lidocaine can cause cochlear damage), 
tricyclic antidepressants, and, very rarely, fi-Mockers, 


INTEGUMENT 

ITic skin is the organ that most commonly manifests drug 
reactions in people (Wokeutcin and Rcvus. 1995k Al¬ 
though the reactions are generally mild, they can become 
life threatening, The type of lesion varies and includes 
almost any type of lesion described in the skin. Lesions 
include wheal and flare reactions, erythema, blisters, li- 
chem-id lesions, purpura, changes in pigmentation, necro¬ 
sis, pustular lesions, and changes in hair growth As in 
many organs, because the skin contains drag metabolizing 
enzymes, reactions can he due to either or both the parent 
compound or its metabolites, The most common reactions 
are erythematous macular or papular rashes that resolve in 
several days e\en if untreated These manifestations may 
also, however, be a prelude to a severe manifestation and 
thus should be followed closely. 

Drug induced skin reactions may be a man ifest at ion of 
an allergic response or on autoimmune disease mediated 


by die skin, Both type A and type B reactions occur in the 
skin. Of the type B reactions, all types of allergic reactions 
li,e,, types t through IV) con involve the skin, Type IV 

reactions are best exemplified by contact dermatitis. 
“Late" reactions include allergic vasculitis, purpura pig¬ 
mentosa, and erythema multiforme. A distinct form of 
allergic reactions has been reported in humans anil animals. 

involving the interaction of a drug (or its metabolite) w ith 

ultraviolet radiation; the lesion often manifests in light- 
exposed skin. Fixed drag eruptions are mot well understood 

In humans, they are characterized by erythema, often w ilh 
a central blister, and may occur because regulation of 
adhesion molecules in the epithelium is disrupted. Drugs 
are capable of causing autoimmune reactions in the skin. 

including lupus erythematosus, pemphigus, and pemphi¬ 
goid skin lesions. Life-threatening drag-induced reactions 
that occur in the skin of people include the Stevens-John¬ 
son syndrome (SJS). toxic epidermal necrolysis (TEN), 
hypersensitivity syndrome, serum sickness, vasculitis, and 
angi oedema 

Lesions of SJS and TEN may be hard to differentiate; 


SJS may he a milder form of TEN, Both appear us “scalded 
skin” and reflect a cel I-medial cd cytotoxic reaction against 
keratinocytes (Fig. 3-6). The diseases are characterized by 

blistering and extensive detachment of the epidermis. The 
lesions are irregular in shape and are distinguished from 
erythema multi forme, another drug reaction of the skin, by 
the irregular shapes and absence of a well-defined border 
and edematous ring. Both TEN and SJS tend to affect the 
trunk, whereas erythema multiforme has an affinity for 
extremities. Mucous membranes arc frequently involved, 
and paiicnts an: generally febrile, particularly with TEN 
The presence of neutropenia is interpreted as a poor prog¬ 
nosis in human patients suffering from TEN. Treatment of 
TEN includes a management protocol similar to ih^ for 
extensive burns; infection with Staphyhtc&ccus ttureuf.> 
(which by itself can cause a “scalded skin” lesion) is 

likely to complicate therapy. Drug reactions are the primary 

causes of 5JN and TEN; erythema multiforme is caused 
by selected microorganisms as well as by drags Drugs 
associated with TEN and SIS in humans include sulfon¬ 


amides. anticonvulsants, aJJopurinol. oxicunx. and (less 
frequently) other NS A IDs. 


Figure 3 6 Tax if vpidcniu] necrolysis in * I>.ibcimiui urmed wilh chlor 
.irtipherucol. Although lire Wickii K ■H-veral wedk- old, damage cudait 
wilhin several days of m Ira muscular ireulmenl. 
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The term hyperst nsittvin smdmtne has been used in 
ihc past to refer it) any skin adverse drug reaction. As such. 

however, it encompasses a wide variety of skin lesions, 
each treated differently. More recently, the term has been 
used in human medicine for a syndrome characterized by 
mucocutaneous eruptions, fever, lymphadenopathy. hepati¬ 
tis and eosinophi!ia. Arthritis or nephritis may also de¬ 
velop. 4s w ith SIS and TEN, sulfonamides and amiconvuJ' 

s.tnEs are the most common causes ot drug hypersensitivity 

Vasculitis occurs as a result of necrosis and inflainma 
tion in blood vessel walls, most commonly in the lower 
estretmiies. ntkr antibody interaction with blood vessel 
walls Drugs are the primary cau^c «t vasculitis in people. 

Penicitlins. sulfonamides. thiazide diuretics, pbemtmn and 
propylthiouracil are the most common interaction-related 
drugs. Serum sickncss-likc lesions in the skm also can 
appear as vasculitis. Lesions result from i nun line complex 
deposition in small vessels, followed by complement activa¬ 
tion and white blood cell infiltration. Lesions appear first 
as erythema and then progress to more seven eruption. 
Patients are usually febrile Progs that cause serum sick¬ 
ness manifested as dermatologic lesions in people include 
selected cephalosporins, minocycline. penicillins, and pro¬ 
pranolol. 

Dermatologic manifestations of type I hypersensitivities 
occur Jl mucocutaneous junctions (including the mucous 
membranes of the eyes, mouth* nose, lips, or tongue) or 
present as pruritus, flushing, erythema, and urticaria. Of 
these ungiocdtina is the most life threatening because of 

the risk of upper airway obstruction. Treatment includes 

epinephrine (for acute respiratory distress!, antihistamines, 
aid glucocorticoids. 

Skin eruptions have been attributed to a number of 
drugs in small animals (Table 3-6k Type 1 skin lesions 

accompany many cancer chemotherapeutic agents and 

gold-containing antiarthiitic agents. Prednisone and pheny- 
toir can cause alopecia. Most skin reactions reflect type B 
adverse drug reactions, however and as such are largely 

nonpredictabfe Alopecia has been reported after oral ad- 
ministration of helacillirt teat), prednisone fdog), parenteral 
gold therapy Idogk and phenylom (dog and can, Eczema- 
tous dermatitis has resulted from oral administration of 
sulfa drugs (dogs and caisk griseofulvin, diethyfearbama- 
me. and fluoroeyiodine. Topical neomycin-triamcinolone 
preparations and coal tar shampoos can produce general¬ 
ized eczematous reactions. Generalized exfoliation has re¬ 
sulted from ora! administration of qumidme, topical admin¬ 
istration of lime sulfut slips, and (he use of flea collars. 
Fixed drug eruptions have resulted from ihe oral adminis¬ 
tration of ampicillin and the intravenous administration of 
sodium thiucctursamidc. Pemphigus v ulg&riid ike reactions 

have followed thiabendazole oral therapy, and similar le¬ 
sions have been reported with gold therapy Erythematous 

dermadtts has been reported after the parenteral administra¬ 
tion of a phenothiazine derivative. Pruritus has been re¬ 
ported after oral dicihykarbamazinc. gold, and bromide 
(anticunvulsam) therapy. Purpura and lesions typical of 
TEEN have occurred after oral administration of chloram¬ 
phenicol (Hg. 3-6|. Intravenous vitamin K and oral tetracy¬ 
clines have caused urticaria and ungioedema in the dog. 

Drug eruptions have also been associated with the systemic 

ad i ni n i si i a tion of fevamisnle Human reeombi rmnt prod uc l > 
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such as erythropoietin have caused skin or mucocutaneous 
lesions typical of allergic drug read ion’’ in dogs 

Hormonal therapy is often associated with predictable 
skin lesions, including bilaterally symmetric alopecia and 

hypcrpigmcntiition (see following, discussion of die endo¬ 
crine system). The effects of glucocorticoids do the skin 
have been well documented and are often manifested as 
part of the Cushingoid presentation of animals receiving 
therapy. 

Several in vivo ami in vitro diagnostic tests have been 
developed to the detect.on of drug-induced adverse skin 
reactions in people. In general, tests studied iti dogs and 
cats have not proved effective and, if effective, arc not yet 
practical. 



Mechanisms of drug interference with the thyroid and 
adrenal axes have been documented in human patients 

(Table 3-7). Each axis presents several targets for drug 
interference. Mechanisms th&J decrease hormone concen¬ 
tration* include suppression of hormone release at each 
level 11 .v , hypothalamus, pituitary; or target organ), often 
because hormone synthesis is decreased, or aliened periph¬ 
eral metabolism of the hormone (eg.. thyroid hormones) 

(Boothe. 1995). The latter effect is often ihe result of 
induction of hepatic drug metabolizing enzyme*. P^Hcnl 
inducers of hepatic drug metabolizing enzymes include 
phenoborbital, phenytoin, and rifampin. Whether or not 

patients show clinical manifestations of hormone deficiency 

after induction of metabolizing enzymes remains to be 

documented. Less commonly, hormone concentrations are 
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Tab i* 3- J. Drug-Indue ud Phyeiale g <c Changes n the Adrenocortical end TtivrokJ Axes* 
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physiologically increased b) drugs. Again* ch.mgcs in he- 
palic metabolism are a common cause. Potonl iiihibilocs of 

brpattc drug metabolism include cimctidinc. chlorampheni¬ 
col and kelocona/olc. 

Drugs can also increa.se hormone conce mrulions by 
competing with and displacing the hormone from carrying 
proteins. The protein from which hormones are most likely 

to be displaced is. alhumin, a nonspecific carrier of many 
weakly acidic drugs le.g.. NSAIthl. Competition for albu¬ 
min-binding sires may be less important for those hormones 
earned by specific carrier proteins. although competition 
for binding sites has been documented even for these 
binding sites. In mutic cases, a drug may influence blood 
hormone concentrations simultaneously at several physio- 
Logic sites, complicating interpretation lc,g,. the effects of 

pheryiom on thyroid hormone concentration!!). Because 

animals differ physiologically, extrapolation between spe¬ 
cies regarding the effect of a drug must 'be done cautiously. 
Caution is also advised when extrapolating results of stud¬ 
ies in normal animals to the animal suffering from a disease 

of the endocrine system. For example, propranolol de- 
creases thyroid hormone concentrations in hyperthyroid 
humans but not in euthyroid dogs (Center et ah. 1984) 

In some instances, the drug effeci on a hormone is well 

known and .is used either diagnostically (e g;., dexameiha- 
sone-induced decrease in cortisone or xyla/ine-induced 
growth hormone secretion) (Kemppai nen, 1984) of thera- 

peu ticalI y (pajpranolol or pa)py 1thjouraci l ■ induced 1 tihi bi¬ 
lion of thyronine fT 4 |) More commonly, the effect is unde¬ 
sirable. Several examples of undesired* drug-induced 
physiologic changes an endocrine function have been docu¬ 
mented in small animal patients- The example most docu¬ 
mented m small animals are the effects of drugs, and 
particularly glucocorticoids* on the hypothalamic-pituitary- 
adrenal axis, interference with this axis can become clini¬ 
cally detrimental, Suppression of the adrenal axis by gluco¬ 
corticoids is most marked after administration of depo 
(repo si to)) forms <c g. % those containing acetate esters) 
(Spencer et al , 19&G). Interference has also, however, been 

documented after administration of a single dose of prcdni - 

scriunc or triamcinolone; multiple doses of methy IprednT 
solone (Spencer et aL 1980); topical administration of 
triamcinolone (Roberts et al,, 1984); and ophthalmic ad- 

mini Stratton of prednisone (Zenoble and Kemppainen, 

I m 7>* 

Qluc(H;oiticoids arc mrt the only drugs that interfere 
with the hypothalamic-adrenal axis, The imidazole antifun¬ 
gal drug ketuconazole inhibits the cytochantte P450 en¬ 
zymes responsible for the synthesis of both sex and adrenal 

steroid* (Hosicitle r el ul.* 19H8). Suppression of testoste¬ 
rone and cortisol has been documented in dogs after oral 
administration of 10 itlg/kg once daily (Willard el id., 

J986'. Hormone concentrations are lowered by day l and 
remain low at day 5 Progesterone concentrations increase 

as testosterone concentration* decrease. Die magnitude ol 
testosterone inhibition by kciaamazolc apparently resolves, 
with testosterone concentrations being less predictable I 

month after therapy was started The inhibitory effect of 
kctocofiazulc on testosterone and adrenal steroids has been 

used therapeutically in the treatment of prosiatic cancer 

and benign prostatie hypertrophy, and hyperatlrnioctwii- 

cism respectively. The newer imidazole antifungal drugs 


do not appear to inhibit steroid synthesis us effectively js 
ketoconazole. 

Drug interference with evaluation of the thyroid axis 
is also important because of the prevalence ol thyroid 
dysfunction in small animals. Several drugs, targeting van 
ous sites, interfere with thyroid function testing (see Tabic 

3-7) (Wenzel. 1981), Thyroid-stimulating hormone (TSH) 
response to thyroid-releasing hormone (TRH) is altered h\ 

a number of drugs than modulate neuratransiniller (eg., 
serotonin, dopamine) concentrations in the brain. Glucocor¬ 
ticoid suppression of TSi l response m TRH has been well 
documented. Higher doses appear to suppress hypophyseal 
inhibition of TSH, whereas low doses interfere with the 
hypothalamic response (Wenzel, 1981)* Note, however, that 

interference of the thyroid axis by glucocorticoids does not 
preclude simultaneous testing of the thyroid and adrenal 
axes in healthy dog* {Monello et al., 1987; Reimera et 
al.* 1982?. Antithyroid drugs such as propylthiouracil and 

meihimazole are used therapeutically to bftjck thyroid hor¬ 
mone synthesis. 

The effects of iodide- and iodine-containing products 
(including radiographic contrast agents) on thyroid hor¬ 
mone concentrations are well recognized and used dim- 
peuiiealLy Through hypuihalamic regulation, iodines cause 
a rapid increase in TSH response to TRH as 12 and triiodo¬ 
thyronine (Tj) concentrations decrease. Potentiated sulfon- 
amides can have a profound effect sm thyroid function 
(Campbell et al., 1995). Decreased concentration* in pe¬ 
ripheral hormones are associated with follicular cell hyper¬ 
trophy and hyperplasia and with decreased colloid forma¬ 
tion. Changes are profound as early as 2 1 days yet resolve 

wilhm 3 weeks after therapy is discontinued. these effects 

occur at high doses that might he used for di tricul t-tonreai, 
yel presumably susceptible higher bacterial v€ pftiUvual infec¬ 
tions {>60 mg/kg pet day bm. may also occur m lower doses). 

The effects of anticonvulsant drugs, especially pheno- 
barbital and phenyloin. on thyroid hormone disposition are 
less appreciated. Several sites of interference have been 
identified for anticonvulsant drugs. Displacement of T* 
by highly pn Hein-bound drugs (e g,, phenvtnin) from T 4 - 
bindmg globulin increases T* concentrations; induction of 
hepatic ctag metabolizing enzymes results in increased 
clearance of both T* and T,; ami increased conversion of 

1 to T, by peripheral tissues, further decreases T*, The 
latter mechanism has been postulated as the reason [hat Tn 
concentrations remain normal despite increased T. cIc ar- 
ancc (Scnuty cl uL, 1988) in patients receiving phenytoin. 

Clinical signs of hypothyroidism may not be apparent 
in such cases. Note, however that both serum T* and tree 
T.i may be decreased in some patients receiving anticonvul¬ 
sants Anticonvutsanis {phenytoinj may also have a direct 
negative effect on TSH response u> TRH. Diug-induccd 
changes in T 4 -binding globulins have also been docu¬ 
mented in by mam patients talking anticon vulsanis Thyrox¬ 
ine and TSH concentrations should be used 1o diagnose 
hypothyroidism m animals receiving anticonvulsants (Scn- 
uty et al., 1988). Note that thyroid supplemental ion sup¬ 
presses response to TSH, and testing should not be per¬ 
formed until supplemental ion has been discontinued for 4 
Id ft weeks. 



As with any drug-induced disorder, the lack of universally 
standardized definitions of what constitutes m adverse re- 
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Iffirvtductmi m l>ni£ tJ'*c in Small Ammah 


Table 3-4 Examples of Drugs Associated with Hematologic 

Disturbances 



Acccjntiflopihfn 
A-wiciMiter dru^h 

Apodyt (urinary ,inii^cpi ilh1 
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A k'tlwim>p l< ■< ‘i nciiijai [especially lq 
calx) 
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VtclfhEmt^lohiiijcnitii 
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Pljlclet dys I u lift 11 m 

Nculropenia 
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M cthe rn Job i oe i m j 
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*Si< flK num™ iuppre’.’.ii.fl miphi he irwrnfa*ieJ » jukpihj. leukopenia, itwnn 
h«v> uifSciiiA. hH any iuinhlul»m thcftuf 


action complicates recognition of hematologic disorders 
induced by drug 1 * The criteria for drug-induced hemato¬ 
logic disorder* have been described for humans and are 
based on ceil count, assess mem of time to onset liter drug 
exposure and time to resolution of signs al ter the drug has 


been discontinued., and the course of die reaction i Beniehou 
and Celigny, 1991). Drug-induced hematologic dyserasias 
may relied a bone marrow response of an effect on periph 
cral tissues. including blood components. (.Table 3—8). Bone 
marrow suppression can result in pancytopenia or affect 
only a single cell line (i.e., anemia, leukopenia, or thrombo¬ 
cytopenia) (Slroncek, 1993), Both direct Nine marrow sup¬ 
pression and toxicity to mature circulating cells may occur. 

Bone marrow and peripheral cells are susceptible to 
both drugs and their metabolites: reactions may have an 
immunologic or nonimmunologic basis. Although drug al¬ 
lergies are a well-recognized cause of damage to stem 


Fijjiiu 3~T. J'jcisd edenu m u cal with acctanu m >phen huhenc^ The 

in Ufc.'i_m> ittcriibtfanc-i uf l)u» (UK were c}MK4k. 


edit of the bone marrow, many drugs are direct I s toxic. 
Discerning an immunologic basis can be difficult, however, 
if the antibodies involved have not been identified Drugs 
most commonly associated with non immune-mediated 
bone marrow suppression include most cancer chemothera¬ 
peutic agents because of their predictable effects on DNA 
and cell division. Other drugs associated w ith nommmune- 
mediated bone marrow dyscrasias include phenylbutazone, 
estrogen derivatives, and chloramphenicol. Phenoharhital 
has caused leukopenia and other hematologic disorders 
when used lo treat epilepsy; while cell counts normalize 
once the drug is discontinued, 

Drugs thal affect blood components and the manifesta¬ 
tions of anemia include ail N'SAHX but particularly aspirin 
(reflecting inhibition of platelet activity), anticoagulants 
such as warfarin derivatives, and heparin (these generally 
relied a relative overdose I Red blood cell malfunction 
may occur as a result of methemoglobinemia in cats. Sev¬ 
eral reasons have been suggested for ail apparent increased 

sensitivity of cat red blood cells to mcthemoglabin forma¬ 
tion: Feline liemoglobin may be men sensitive to oxida¬ 
tion: feline erythrocytes may contain lower concern rat ions 

of intracellular glutathione; the proportion of subtypes of 
hemoglobin may differ; and, finally, feline hemoglobin may 
contain more sulfhydryl groups, which are reactive, than 
other species. Drugs associated with methemoglobinemia 
in cats include urinary antiseptics containing methylene 
blue or azodyes, acetaminophen I Fig, ^-7i and related 
compounds, benzocame, ul- methionine, propylthiouracil, 
and methimazole. 

Human recombinant erythropoietin and granulopoietin 

have been used to treat anemias associated with chronic 
renal disease and leukopenia induced hy disease (i e., par¬ 
vovirus) ur drugs (j e,. anticanoer drugs) in dogs and cats. 
Unfortunately, these proteins are foreign, and antibodies 

ma> develop after 10 to 14 days, destroying not only the 

exogenous drug hut also endogenous factors. 


PULMONARY TOXICITY 

Although occasionally compounds toxic lo the lungs arrive 
by hematogenous routes, most pulmonary toxicides result 
from direct exposure of the respiratory tract through the 
nasophary ngeal or oropharyngeal airwa>s and subsequently 

the tracheobronchial tract and ulveoii (Sipes and Dan. 
1998). Gaseous and particulate toxicants are most common. 
The airways may also serve as a means of systemic expo¬ 
sure if the toxicant is effectively and rapidly absorbed by 
the respiratory mucosa. Particulate matter that is impacted 
on the airways (generally 5 to 10 jam in size lor the 
tracheobronchial tree and less than 5 p.m in size for alveoli) 

can become trapped in the airways. 

The mucociliary apparatus may remove entrapped par¬ 
ticulate matter before a toxic response occurs. Some ehemi 

cals, however, cause direct injury to upper airways (chlo¬ 
rine. ammonia, water-soluble gases, and chromium). 
Compounds depositing m the alveoli con be removed only 
by blood flow <if the compound is absorbed), bioirunvfur¬ 
ination by Clara cells or type II alveolar cells (which 

contain cytochrome P450 enzymes), or macrophages. 

Pulmonary edema, manifested as an acute respiratory 
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distress syndrome. is caused by severe exposure of the 
alveoli (in people) to acute toxicants such as phosgene, 
chlorine, xylene, and nitrogen oxide*. Because the lung is 

the shock organ in cats, type E allergic reach nns may 
manifest as primarily acute respiratory difficulties Bio 
tronsformation in the lung, as in other tissues, may he a 
source of a toxic compound as an innocuous chemical is 
converted into a toxic one (e.g.. paraquat, a herbicide 

metabolized by type II alveolar cells). Macrophage dear 

ance may reflect phagocytosis: macrophage death is accom 
ponied h\ the release of inflammatory mediators that can 
damage surrounding cells and contribute to the toxic effects 
ot u drug. Compounds that cause pulmonary injury in 

humans due to the inflammatory response include asbestos, 
beryllium, coal dust, silica, and tungsten i Sipes and Dart, 
199H 


MISCELLANEOUS DISORDERS 


6. Frequent patient monitoring for remission of clinical 
and discontinuing therapy as early as possible 

Altering dosage regimens of drugs that are likely to 
he accumulated to plasma levels associated with adverse 
reactions 


7. 


S. Minimizing multiple drug therapy and minimizing 
use of drugs known to cause drug interactions 

9. Alternating administration times for patients receiv¬ 
ing multiple drug iter,ip), thus reducing the potential for 

drug, interactions 


Client education as to the potential toxicity of a drug 
and the clinical signs associated with its w.se are also 
important. 

Type B reactions arc difficult to avoid because they are 
unpredictable. An awareness of potential toxicide* will 
facilitate their avoidance- Frequent patient monitoring die 

ing therapy is the best means of reducing type B adverse 
reactions. 


Potentiated sulfonamides have been associated with a van 
ety of apparently immune-med rated disorders (Cribb. 
1996), Pharmacologic toxicides include blood dyscnsiai 
associated with folute deficiency due to inhibition of dihy¬ 
drofolate reductase i ihromhocy(openia and neutropenia); 
renal tubular acidosis: nausea and vomiling; headache and 
neurologic disturbances ( humans); hypoglycemia; and hy- 
puthyroidisnj {due to inhibition of thyroid peioxida.se). 
Intrinsic ioxiciiies include renal toxicity associated with 
crystal In ntt, tubular necrosis or granulomatous interstitial 
nephritis, methemoglobinemia, and keratoconjunctivitis 
sicca Keratoeonjunciivitis sicca appears tr he related to 
duration of exposure, bin it may also be idiosyncratic 
Alternatively, sulfonamides may cause direct toxicity to the 
lacrimal gland. Idiosyncratic toxicides include drug few j 
derm a [opal hies, liver disease, pneumonitis, meningitis, 
myocarditis, polyarthritis (due to serum sickness), intersti¬ 
tial nephritis, blood dyscrasia, hemolytic anemia, uveitis, 
and hypothyroidism. In dog -, flic most common syndrome 

appears to be sterile polyarthritis. Reports have been more 

common, although not limited to, Dobermans, 

The ability of fluormated quinn!one antibiotics to cause 

acute retinal damage is now being examined 




Recommend at ions for avoiding specific toxicides have 
been given or are described in specific chapter* for some 
of the described drugs. Appendix 5 offers antidotes for 

many drugs. In general, the incidence of type A adverse 

(predictable) reactions may be reduced by 

1. Obtaining j dclinilivc diagnosis before treatment 

2. Using proper drugs according to recommended proto ¬ 
cols 

3. Using alternate Hess toxic) drugs when available 

4. Thoroughly evaluating the patient before and during 
treatment te.g,, physical examination and clinical paibol 

ogy i with an emphasis on target organs of toxicity 

5 Evaluating the responses to therapy and discontinua¬ 
tion of therapy if therapeutic effects are not evident 


REPORTING ADVERSE DRUG REACTIONS 


Identifying an adverse drug reaction can be very difficult. 
In human medicine, methods have been defined through 
which [he causal relationship between a suspected reaction 

and a suspected drug can be assessed None arc universally 

accepted, hut each includes some or all of die following 
criteria: the time between the administration of the drug 
and the onset of the reaction or tbc cessation of the drug 
and resolution of clinical signs, the course of the reaction. 

which may vary if tbc drug is continued or interrupted; the 
role of the drug and underlying disease being treated ns a 
cause of (he reaction: response to re administration of the 
drug: results of laboratory tests; and the history of previous 
administration of the drug (Benichou and Ccligny, 1991). 

Identifying on adverse drug reaction and communicating 
this information to the veterinary profession is difficult, 
especially for human drugs w* approved for use in animals. 
Although safety studies are a required step in the Food 
and Drug Administration’s fFDAVl approval of all human 

drugs, the focus of the animal studies js human safety. 
I n formal ion regarding the safety of drugs often is consid¬ 
ered proprietary information and may not be available even 

on request. In addition, studies in both humans and animals 

intended to detect toxicity are usually performed in healthy 
patients, and the sample size is very small in relation to 
the population that will use the drug. 

Thus, often on adverse drag reaction to approved drugs 
may not be detected until a drug is in widespread use <i.e.. 
after the drag is available for marketing) I ven then, an 
advene drag reaction migth be lost to report. For example, 
a drug that causes side effects in I of 3000 patients {which 
might be considered a high incidence) must first be used 

in WKKI patients before one case occurs. The reaction might 

he missed if the patient k ill, because clinical signs due to 

the reaction will be complicated by those associated with 

the disease being treated. More than one drug might be 
used, and discerning which drag is responsible for a reac¬ 
tion might be difficult, Ever: if a reaction Li detected, it 

must be reported so that, the association between the drag 
and the side effect can become known among members of 

the profession. 
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Several avenues are available for reporting an adverse 
drug reaction (Appendix 7) First, the pharmuceuUtal com¬ 
pany cun be directly informed by calling the Medical 
Affairs officer Second, the FDA, and for animals, the 

Center for Veterinary Medicine in particular, has an adverse 
drug reaction report protocol. Finally, the United States 
Pharmacopeia lOSP) also has an adverse drug reaction 
report protocol. Their protocol is unique m that it is a * l onc 
shot' report because the USP will, in turn, notify both 1 he 

manufacturer of the pr<*iluct and the FDA of the reaction, 

Fot both human and veterinary drags, these resources 
might also be considered a source of previously reported 
drug reactions. Note that the USP and FDA do not attempt 
In judge the likelihood that a suspected reaction was. in 
fact, caused hy the drug. In its reporting process, however 
the FDA ‘'grades'’ the reaction in a manner that does 

discriminate to some degree between likely and unlikely 
reactions, but confirmation rarely is available. Addresses 

and infontiMioft, including forms, regarding these data¬ 
bases, mc given in Appendix 7. 



TESTS 


A drag-induced disease is often first suspected hased on an 

abnormality in a diagnostic test that cannot be easily attrib¬ 
uted to a disease process. Many drugs cause changes in 

diagnostic lestx but are not associated with disease. Con 
firming the cause and effect relationship between drug and 
abnormalities can he very difficult unless the drag can be 
discontinued and then re-administered 

Drugs interfere with diagnostic tests either directly at 
the level of the analytical procedure fin vitro| oi by induc¬ 
tion of a physiologic change in the patient (in vivo) (sec 

Table 3-7). Of the two levels of interference, it is likely 
that analytical interferences will occur regardless of the 

species from which the sample was collected. Thus, infer* 
ferenees affecting analytical procedures are better docu¬ 
mented in veterinary medicine because they generally car. 

be extrapolated from human analytical testing. Mechanisms 
of in vitro interference vary. Drugs that interfere with 
endocrine testing are described as adverse drag reactions 
of the endocrine system 

If analytical (in vitro) interference by a ding is (ins¬ 
pected, the laboratory should be- contacted and questioned. 
Th^ is particularly important if the patient is receiving 
drugs structurally similar to the drug being tested. Cross¬ 
reactivity between the drug and the test can falsely increase 
lesi values. For example, therapeutic corticosteroids cross 
react with endogenous corticosteroid hormones, .iLcibough 

the percenuge of cross-reactivity varies with the assay and 

the drag. Some drugs cause cyloloxicily (c.g., aminoglyco- 

side-induced nephrotoxicity); some stimulate changes with¬ 
out toxicity (r g.. glucocorticoid-indnced alkaline phospha¬ 
tase l: artel others interfere with hormones There are many 
other ways drugs can interfere with diagnostic tests. The 
American Association of Clinical Paihologisls publishes a 

handbook that summarises changes in clinical pathology 
that might be drug induced. Access to this text or m 
information may be possible by contacting the appropriate 

diagnostic laboratory. 
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THERAPEUTIC DRUG MONITORING 

Therapeutic drug monitoring fTDM) a ux>1 that can help 
the clinician to determine an effective and safe dosing 
regimen for drug therapy for the individual patient. Moni 
toting ears be used to confirm a plasma drug concentration 
(FIX') that is above or below the therapeutic range, thus 
minimising the time that elapses before correct 1 ve mea¬ 
sures can be implemented for the patient (Wilson, 1987: 
Neff-Davis, 1988; Pippcnger and Mussoud, 1984), Knowl¬ 
edge of the principles of drug disposition (see Chapter 1) 

and the factors that determine these principles in the indi- 

\idiml patient (see Chapter 1) facilitates an understanding 

of the use of and the wed for TDM. 

WH¥ THERAPEUTIC DRUG MONITORING 

IS USED 

The success of any fixed dosing regimen most often is 
hared on the patient's clinical response to the drug. Fixed 
dosing regimens are designed to generate PDCs wjihin a 
therapeutic range, that is* achieve the desired effect while 
avoiding toxicity. Recommended dosing regimens have 
proved most successful when based on scientific, pharma¬ 
cokinetic studies performed in a population of normal, 

adult animals of the target species intended to receive the 
drug. Marked mterindividual von ability i within a specie*) 
has, however, been continued for many drugs (Anwdorf. 
1989. Ravis d a1„ 1984|. Mt*c importantly, rarely does 
the patient receiving die drag meet the above criteria 

Rather, the patient usually is diseased, and its illness t if ten 
requires treatment with more than one drug. 

The factors that determine drag disposition (see Chapter 
2) are all amenable to change in the unhealthy patient 
Physiologic* pathologic, and pharmacologic factors can 
profoundly alter the disposition of a drag such that thera¬ 
peutic failure or. other adverse reactions oocut (see Chap¬ 
ters 2 and 3). Changes in drag metabolism amt excretion 
induced by age I Cowan e( al.. 1980), sex, disease f Atkins 
et al. 1989; Frazier and Riviere, 1987; Frazier el al, 1988; 
Dunbar ci al,, 1983 k or drug interactions {Ravix 1984; 
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Ravis 1987: Atkins/Snyder et aJ„ 1988: DeRick 1981) are 
among the more important factors that can increase or 

decrease the expected PDC Recommended dosing regi¬ 
men* are sometimes designed to compensate for the effects 
of some of these factors. Examples include many feline 
dosing regimens (eg.. for aspirin and some selected antimi¬ 
crobials): the use of body surface area rather than body 
weight foe drags with 4 high potential of toxicity (e.g., 
ajittcuncer drags; see Chapter 1); and allomelric scaling for 

exotic species. Unfortunately, the effects of many factors 
are unpredictable and cannot be anticipated in the indiv id 

vuil patient, despite innovated dosing calculations. 

If the patient's response to the drug is perceived os 
inappropriate due to either hi: lure or toxicity, a trial and 

error approach can be used for modifying die dose. It 

HtibtherapeuUe concentrations are suspected, the dose nr 

frequency is empirically increased until an adequate re¬ 
sponse occurs. If a response is still not evident, the cycle 

may be repeated with a new drag or drag combination 

until all reasonable alternatives are exhausted* and the 

illness is then considered refractory to treatment On the 

other hand dosing regimens that induce toxic signs are 
decreased until the signs resolve* increasing the n>k 01 
therapeutic failure. Such a trial and error approach To dose 
modification m most appropriate when response to the drug 
can be easily measured. Example* include “to affect" 

drugs such as gas inhalants and uluashort ihiobarbituraie 
anesthetics, rapidly acting anticonvulsants such as diaze¬ 
pam. -Mid IkLocuine for the treatment of ventricular arrhyth¬ 
mias. Trial and error can also be used for illnesses that are 
not serious or do not require immediate resolution and for 
drugs characterized hv large therapeutic windows, which 
are generally safe al high doses. 

Trial and error modification of dosing regimens can, 
however* he inefficient and potentially dangerous when 
the drag response cannot be easily measured, the drag is 
characterized by a narrow margin of safety, or the patient’s 

condition is life threatening. For example, lack of response 
10 an antimicrobial agent might reflect bacterial resistance 
or simply failure to generate therapeutic antimicrobial con¬ 
centrations. In lifo-thrualeiting infectious, riming of effee 

live antimicrobial therapy is critical to success; likewise, 

CoDvriahtod r 
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toxicity must be avoided in a seriously ill patient Although 
fever or white blood cell counts can be used 10 rrx>rjtOf 

the response to an antimicrobial drug in some patients, 
these parameters are not always abnormal before antmucm- 

bin I therapy and, in ihe case of life-threatening infections, 
mu} not change rapidly enough. Another example is that 
failure to control seizure* with an antiepileptic drug may 
rerlecl the refractory nature of live seizures or PDCs (hat 
.Lit.- suhlhcrapeulk, I he former is accompanied by a poorer 

prognosis and the latter should respond simph to an in¬ 
crease in PDC In another example, differentiating an as¬ 
sumed digoxin-induced adverse reaction from clinical signs 
of cardiac or other disease is difhculi if ihe PDC' of drgoxin 
is not known. Geriatric and pediatric patient represent age 
cxircmcs for which TDM may prove beneficial (Gal, 1988). 


WHEN THERAPEUTIC DRUG MONITORING 
SHOULD ii USED AND FOR 




Therapeutic drug monitoring is indicated in clinical situa¬ 
tions m which .hi expecied therapeutic effect of a drug has 
not been observed or in cases where drug toxicity due to a 

high toxic PDC is suspected. In addition, TDM can he 

used to establish whether optimum therapeutic drug con- 
cen nations have been achieved for drug-- charai (crc/ed h\ 
a response that is difficult to detect or when the manifesta¬ 
tions of disease are life threatening and ihe trial and error 
approach to modification of the dosing regimen is unac¬ 
ceptable. When chrooJc drug administration is expected* 
TDM can he used to define the effective target FDC in ihe 
patient. The larger PDC can then he used if pharmacokinet¬ 
ic* change in the patient over the course of chmtiic drug 

administration due In disease, environmental changes, age, 
or drug interactions leg., phenoburbital). Drug monitoring 
has also been useful in identifying owner noncumpliance 
as a cause of therapeutic failure or adverse reactions. 

Drugs for which TDM is inosi useful arc characterized 
by one or mo to of the following: 

1 Serious toxicity coupled with a poorly defined of 
difficult to delect clinical end point (e g., unticonvuKanis 
and cyclosporine) 

2. A "deep dose-response curve for which u small in¬ 
crease in dose can result in a marked increase in desired 
or undcsired response (e.g,, theophylline; phenobarbiia.1 
in catM 

3, A narrow therapeutic range (e.g., digox in) 

4. Maikod interindivklual pharmacokinetic: variability 
that increases variability in (he relationship between dose 

and PDC (e.g,. phenobarbiial) 

5, Nonlinear pharmacokinetics that may lead to rapid 
accumulation of drugs to toxic concentration* (e g„ pheny- 
toin or, in cats, phenohiirbitaij 

6-, An unexpected toxicity due to drug interactions (e.g„ 
enrolloxaein induced theophylline toxicity or ehloraniphcn* 
icol-induced or cLorazcpaic induced phenobarbetal toxicity) 
7. Cost that justifies contiimatlon of effective PDC in 

order to minimize dose and dural ion of therapy (c.g., 

cyclosporine 3 


In addition. TDM is indicated when a drug is used chroni¬ 
cally (e.g., an anticonvulsant) and thus is more likely to 
induce toxicity or changes in pharmacokinetics or in a life- 

threatening situation (c.g.. epileptic seizure or bacterial 

sepsis) in which a timely response is critical to the patient 
Drugs I of which TDM might not be indicated include those 

characterized by a wide therapeutic irtdex and are seldom 

toxic cve-i if PDCs are higher than recommended and 
those for which a response can lie easily moniiored by 

clinical signs. 

Not all drug! can be monitored by TDM; certain criteria 
must be met (Abbott Laboratories- 1984). Pan eat response 
to the drug must correlate with lie , parallel) PlX" Drugs 
whose metabolites (e.g,, diazepam) or for which one of 
two enantiomers comprise a large proportion of the desired 

pharmacologic response cannot be as effectively monitored 
by measuring Ihe parent drug (Drnycr, 1988). Rather, all 
active metabolites, the parent drag, or both should be 

measured. Species differences vary in the production of 
these metabolites. 1 or example, the cflicacy of primidone 
as an anticonvulsant in dogs and cats reflects it* conversion 
to pbenoharhiial. Thus phenobarhual is measured. In peo¬ 
ple, procainamide is metabolized to an active metabolite 
Althmigh dogs are deficient in this metabolite. the parent 
compound and the active metabolite must be measured, 

Ai effective therapeutic or toxic (C w ) range 

mu lit: have been identified for ihe drug in the species and 
tor the disease being treated (Amsdorf, 1989). For most 
drugs, recommended therapeutic ranges in animals have 
i^en extrapolated from those determined in human*. Con- 
trolled clinical trials that establish therapeutic ranges for 

various diseases generally have not been performed wjth 
animals. Yet, therapeutic ranges in the various animal spe¬ 
cies may differ from those of people sad from one another. 
Procainamide is tin example whose ranges might differ. 
Bromide offer* another example: Concentrations above 1.5 

jiig/mL might be considered toxic in people but are at the 

low to mad therapeutic range in epileptic dogs. Also, the 
therapeutic range may differ for the desired response (i.e.. 
indication) Ideally, the pharmacokinetics of the drug have 
been established in a large population of animals to receive 
Ihe drug that normal ranges are available fee the pre¬ 
dictive pharmacokinetic parameter*. 

The drug must be. detectable in a relatively small serum 
sample size, and analytical methods must be availahle to 

rapidly and accurately detect the drug sit plasma (Price. 
I9K4). The methods must he specific for the drug and be 
able to differentiate it from other compounds of interest, 
including metabolites of the drug if appropriate, or measure 
drag and active metabolites if appropriate. The cost of the 

analytical method must be reasonable. Drugs (hat meet 

these criteria and for which TDM has proved useful in. 

veterinary medicine include selected anticonvulsants (phe- 

nobarbital, primidone, potassium hromide H selected benzo¬ 
diazepines), antimicrobials (e,g., aminoglycosides, genta¬ 
micin „ and amikatin); i artiii>acfive drugs (digoxin, 

procainamide, lidocaine, and quin id me): and theophylline 
(Table 4- 1). Cyclosporine, an iminunomodulating drug, has 
lust recently begun to be monitored; behavior modifying 
drags (e.g- am itri ply I ine) may join the list as more is 
learned about these drugs in animals.. 
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CASE 1 T 


THERAPEUTIC FAILURE DUE TO PMiNDtAfttlTAL INDUCTION DF DRUG METABOLIZING ENZYMES 


Chief Complaint' 

PerTiirent History. 


Drug of Interest 
Concern 
Other Drugs. 

Dosing Regimen 
Duration of Current Regimen 


Patient Response 


□rug Cenoatf^aiefi 


Drug Elimination HalHife 
Predicted Peak: 
Recommendation: 


Comments 


Follow-Up 


3.5 ■ year-ntil male labrador mrkter 
Seizures 

A diagnosis of epilepsy was made ft months before presentation. Patient wm suffering from 
severe elusicg leisures There »,» an initial response to phcnoK*itntal. hut vciimcs occunrd 
.again ft months into therapy. 

Phennharbital 

Eflivacy 

None 

4.1 mg/kg every 12 hours orally 

ft months. Phenobarbital concentrations al 3 months {baseline) were 35 p.g/mL (peak awl 3 I 

jlg/mL i '.i ■ High.). Elimination hdMifc at thin lime wus 40 hours. 

Seizure control initially improved, and there was no evidence of grogginesi. The patient 
suffered a series of cluster s^wures, tin* weekend. The referring veterinarian was imeresied 
ui adding an alternative anticonvulsant (*,g M bromidej. 


IR |Lg/mI 
15 jug/ml. 

21 hours 


NA 


Tt 


5 hours 

12 hours 


Volume of Distribution. N \ 
Predicted Trough: NA 


Increase phcnotaubrul dose to 7.5 mg/kg every 12 hours <4.5 mg/kg X 30 jig/mL pe: II 

fLg/nU. k targeting a peak concentration of 30 p,p/mL Retest at new steady state twhich will 
lake only 3 to 5.5 days in this patient). 

PhenoburbhaJ concentrations decreased in this patient by dose to 50% without a decrease in 
dose. The dimiiuiion half-life decrtimed by 50%, The decrease most likely reflects induction 
uf drug metabolizing enzymes by phenobarbetal, resulting in increased clearance and de¬ 
creased drug concentrations. Induction occurs in most animate and should be anticipated by 
using a sufficiently high starting dose *2 mg/kgi fee phenobarbiud and measuring dmg 
concentrations ai steady state {approximately 1 weeks after therapy is begun) and then ogam 

at 3 month*. 


The dose was increased IQ 6.5 mg/kg Drug concentrations 


ipeak) and 29 mgtinL (trough). The patient has been seizure 


I mouth later were 33 mg/mU 

e free fur 6 mumhs. Although 


bromide therapy eouki have been started in this patient, 
conccntreiiun was casiei and its effective, leaving bromide 
disease .pet worse. 


the increase in phcnoborbital 
available should thin patient s 






QUITO RING IS 


IMPLEMENTED 


Impact of Drug Elimination Half 
Therapeutic Drug Monitoring 


on 


In general, TDM should not be performed until. FDCs have 
reached steady state in the patient. Steady-state PDC\ occur 
at the point when ding input and drug elimination lie., 
metabolism, excretion or both) are calibrated (see Chap¬ 
ter I). Although PECs change to some degree during the 

dosing interval they remain constant between intervals at 

steady state (hg. 4- I). With multiple drug dosing. PIX s 
will reach 50^fe of their steady state concentration at one 
half-life, 7>' r at two half dives, 875^ at three half-five*, 
and so on. Thus, regardless of the drug, steady * date con¬ 
centrations are attained only after four to five half-live* of 


a ding administered according to a fixed dosing regimen. 
The same time period ii.e . four to five drug, half-lives) 

must elapse foe steady-state plasma drug concentrations to 
tic reestablished if any portion of the original dosing range 
i'i.c.., dose, frequency, or mute) is changed. Evaluation of a 
dmg's efficacy k often inappropriate until steady state ha* 
been reached because it is only then (he maximum peak 
and trough drug concentrations and* thus, maximal re¬ 
sponse will have been achieved. 

As can be seen from Table 4 4, the time that must 
elapse from the start of die dosing regimen until monitoring 

can take place is quite variable. Depending on the drag 
half-life in the normal population sample, this time ranges 
from less than I day to more than 3 months For drugs 
with a long half-life compared with the dosing interval, 
drag accumulation can be very dramatic lie.,, the drug 
concentrations after the first dose are much lower than the 

drug concentrations at steady stale), ‘The dosing regimen 
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lab It 4-1. Therapeutic Drug Monitoring Date tor Drugs Monitored in Smell Animob 






Volume af 


Time to 

Sample 

Sample 



InfftfVtl 


Dliiriburion 

fliaimalioa Sleady 

Colffction 

Coll o chon 

GfWfl 

Utuftl Douge 

1 Haunt 

The r a peifl.l t Range" 

(IA») 

H p H-4.il e 

State 

Peak 

Tiough 

Amikikin 

7 20 mglkg 

12 24 

2-25 j.g/mLr 

025 

1-2 h 

1 day 

1 h (plabtiv 

2 UfHin 








(wily) 

(3-6 hii 

Aspjjnl 









D«g 

10 mg/kg 

viz 

50-1 oil tig/ml 

0 19 

K h 

4n h 

2-4 h 

BN 1J 

Cul 

10 mpXg 

n 


0 19 

311 

8 day k 



&cn7odiA7cprinc-i 

14 mg/k£ 


100-200 ng/i»l.| 


■- 8 h 

1 day 

2 - 5 b 

BNDt 

BiwmlJc 

15-30 M.l k-j 

12-24 

1.0-3 5 jifi/mL 


24 dav» 

2-3 nionll»| 


BE9D 

C >• 1 ■ i*p m nc 

High 6 S.S ing/kg 

12 

Trough .lhnirt 


1.31 

5.6'* 

2-4 h 

BN D 


VtudeiBif 3-5-5-5 mp/Vg 

12 

og/mL i 11«4 300 







Low 0.75-3 niji/Vg 

12 

ng)mL may he 

iiil ficient Hbr 
penuial JiKiulis'i 






r>ipcnjri 










0011 m&'Kjt 

12 

0,9 3.0 ug’illL 

19 

313 h 

7 da>i; 

Toiictty 2 

Effititey: 

Cat 

O.tkKS mg/\| 

12-24 

l)¥-2.0 ng/mlr 

H 5 

31 5 h 

7 day - 

5 b*t iglo-w 

(Mil| 

BNI> 

CpcntdmKLii 









D«£ 

2- £ *• 1 jl SL 

12-24 

0.5-1.5 KU i: • 1. • 

0.J“0.4 

0 <MI J h 

6 5 h 

L li {plariit 

2 'i2i 1 ies 

Cat 

2-K mgrt(| 

12—24 

5 U-K(l i^irl. 




(mlyl 

(3-6 hf 

r%sfi. r:..I-■-n.il 

■-.I-' 1 ; 

Prim iikw 

2 I- 

12 

[4-45 jifimL 

O 

32-75 h 

14- 16 .k \ s 

ir 

4 5 hit 

BND 

l> ! 

11 - 25 mp/kg 

12-24 

Ba»r nn pteiwbaibUal 

07 

0.1 ll 

14-16 lays 

4-5 felt 

R ND 

Cal 

11-20 








PnKainainUk 

15 ftsg/ki 

12 


1.4 2 1 

2 9 h 

15 h 

2 4b 

BND 

|%i 

Quuudirvc 









|Tnp 

fv-20 mp/kj 


2.5-5.11 jig/mL 

2 9 


23 h 

2-4 h 

BND 

Cm 

5.i ' fuci ii ii 'L u € J 



12 

1.9 h 

10 h 



Tbrnpli> Hi w 

7-ll mj|/kg 

s -12 i D j 

10-20 Jj : 5r ill. 

0 H2 

5 7 h 

39 h 

i-2 m 

HND 


4 mgAi; 

12 24 ID 


0.46 

7.9 h 

40 h 



TTi n!i<j (VTrw^ o 

T, 4 fi ,.'•■>■■ 11 >J, 


O H- ] 5 p.£./1Bll lDj 


5 f, h I D> 

< 24 lift 

4-5 h 

BND 

Ti. T+ 

44 u^sAtgiO 


1.5-3.5 [D) 


12-15 h 

2-3 ll i D) 




T i' 20 \ig km 11 >>. 


1 5-5.0 |i^ndr fCi 


((Ti 





50-lrt i tC i 


AfifrinjdnrMi BND «■ before «it iAcm iuviUffal; C a ^4; ijj m 

■Thtnifmjdc nui*n irr riinpuliml town huowi purUml* udIpm rxdcd irflvrvi ■« N<#c tint nnfn rru> aL« \uy «Mh ihr lafconfory jnd tpecificiU} wnb ttie 
iiwMtiflKrtiniii y»d li> aivuy Ik vlnjf ml muictt. Valuer m ihu liMe ftu> be ililu? Iih ik ir^inm^nt tut* teen kaiulMedl Mtouu 

^ircs and basj)- method* varr, die ■5p*ct|i: lahewatnr) itipt will he perlww>( ihf auap *fonui<d he cmacml rffirfiRC k*icpfe volume proper cttlfeiipnq uik^ OCTfnJ Ira 

ndtiptfitioft, and Ofhrf onlfk 1 tuning spcnftci 11 well in " nnrmar Wft4. 

1 "largeT' peak uAL-^niHlkiq In depend* ufi mfccirtf orf-imsm art) ifftci(lutty on ik iteiuifeum iahrbtW) rotwcrijiticw (MIC") of ihc inJetfMif 

iwgaiustik Ik faijel peak should Ik 4 Id ID limn tlir MIC ITmugb GDAffntrvEKui ihctykt lie rquaj id nr held® ttiaJ re tri \ v->cd m older 1n muMmitf Iftibcfcy 

4R» dfiigiH * ilk itdn/ dkirt hadf-tite, iroKgjh inapte im> m* kwijEff luvr dfLrtiahk Jru* W<mi ihk « rwrO pmbviaJ dimMiKMA drtejt lulfliw* htf**rn peat my trough 

sample co-llfrctiwi*. 

}nOO flfii'hU lh*cU in p talrtirfN ihuvlJ pnciwm id I htnnHliiuxpinr* ipaimi and ihihf mrtjhnlitnl rrloJiv? Lr doting interval! 

||Sinjk kamfile |Xtoiltn4 nfid J 1# 4 ft Bek's Laler Of J lo ^ WBflfci jnio Iknp) if j 
f h* pmtifiir; data |ki 4 iUmtahr ft* -tof* 

* * Ai kv^trd h Pipi£lt 

trBoth pc .-, uml iran^h nELiwniiKfHi*i h*ci*M!< (if *1^*1 *udffrfc, Mnjtk (KjK wucpulNe lF d^KiE} is 41 atKcftp 
tiiVjkk. and mciiwKrrfpJ if teijnunr* are -diflkruh lr» onnlrol 

MFnf Jo^-ltlnw fnpunrHW. imr umplr may he aufficimt 

I IMonlhinug ahaili! kma EaLc j\t*ct nn&iJ the body h-Ts had ji chiWe to pb>AKdo(iciilly ml .:-■ U> drtif ihcmpi Hr., 4 tm ft wwk.i after therapj - i* impknlitnlrd 1. 

Vahm fiw ranges s>l tbjnnd BuTnvqir^ ttIIwI a ndMunamuiina^^ay. Viluem irr Titehr Id he differrna f«x earin 1 ■■- r .11 Crmlan tTw labonkin ot P if fcicig nur^ in 
IftAiv. fsublidt jij-Iwdw nccnul fmwrt O^rrlap beifterfi tiumuJ and Ahfinrma] 1* greyrf n ■> . -i. --v erf the labunhin, and irirqireiattiML shutdd he heued on 4 lMical M$n* 


luuulLn^ dose ml u^eil is retore 1 - j >•!-. J ja thnap^ i\ he^uti Id jJky« pn>-*.ii4t mu«ttifcuriag 


of such drugs is designed so lhai drug cpntzcntniiions will 
be in ihc therapeutic range, hut only when steady stale 
concentre ions iuve been achieved. 

Attention to steady state is important for drugs that 
accumulate with repetitive dosing. For such drugs, the sjcak 

PDC is higher at steady stale than after the first done. Al 

steady stale, the magnitude of increase in PDC at steady 

state compared with that after the first dose is referred lo 
as the arcumutariw ratio l see Chapter 1 mid Pig. 4-2). 

The amount that the drag accumulates depends on bow 
much longer the half-life is than the dosing interval fsee 


Table 1-1). A drag whose half-life is equal to its dosing 

interval accumulate* twofold (t e. r at steady mate, peak 
PfX's will he twice what they were after the first dose) 
R*r drags ehanwtcri zed by a long halNife. TDM can 
be used during the first dose to predict peak and trough 
PDC at steady stale 'by- multiplying peak and trough PDCs 
after the first dose by the assumed accumulation ratio 
(based on (he reported drug eh mi nation half-life or that 
measured in the patient from peak and trough concentra¬ 
tions and on the dosing interval). Prediction is accurate 
only if the reported elimination half-life represents that in 
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CASE 2 ▼ 


PHENOBAHBITAL- CHLORAMPHENICOL DRUG I Hit R A CTtO h 


S ign 0 I m t nt: 
Chid Complaint 
Pertinent History 


Drug of Inters?! 
Cncn: 

Other Drupe’ 


Dosing Regimen 


Dural ion nl Currant flagimen 
Patient Response: 

Drug Coneantifftion 
Dfttf Elimination Holi-Life: 

Predidad Peak: 

Recommendation: 


Comment! 


Foll*wr-U{t 


l,5*y car-old male German shepherd 

Acute onsei of depression, anorexia. and tctfuugy 

A diafPo«iis <»f epilepsy was made. I year before presentation. The patient was suffering 

from severe cluster ieizuirv The response to plieiHhaibiul was initially acceptable, but 

sei.Ajo. -- worsened ai>d potassium bromide was added to lie regimen 3 weeks before prracnlu- 
«ion The response to combination therapy was acceptable. The paaieni presented for enugti 1 
week before presentation Ijtm-cr respiratory infection was diagnosed jnd -iniiHn •:u therapy 
begun. Three days laier. the patient presented for the chief complaint- Vital vigns on pfo ricul 
examination are normal Clinical laboratory icste are normal. Phcnotarbitiri I week before 
presentation was 52 pf/wL loot certain if -s peak or trough sample). 

Bromide 

Toxicity 

Phenobiirbiuil 4 mg/kg every 12 Itmuin orally (at current .lore for 2 weeks: last phenotarhiial 
collated wits at steady slate with the current dosing regimen): chloramphenicol 25 mg/kg 
every b hours for 3 days 

A 450 mg/fcg loading dose measured b months before presentation was 0 9 mg/mL. The 
maintenance do^re was 10 mg/kg every 12 hours ITie maintenance dore was increased to 15 
mg/kg every 12 hours. but concentration? were not subsequently remeasured ai steady state. 

Bromide, 6 mouthy phcnobaibual I year: dUucnmpbcnicDl. 4 day a 
Seizure control was improved. Patient was nor groggy until recent episode. 


2.1 tl j l g/n i I 

NA 

NA 


Tl 


I - 1 hours 


Volume of Distribution: NA 

Predicted Trough: NA 


Bmmide concenlralidn ore not: sufficiently increased to cause Clinical signs, PhcontaThflal 
c once titrations were measured: Peak concentration wav 50 |xg/mL; trough coriccntratuei w w 
■46 pg/mL, nusdMrbiuil elimination half-life was 58 hours. 

This patient was presented for presumed bromide toxicity, The bromide concentrations were 

nut, fefwwrr.. cinixi vleht with the* profound depe^ioh the patient wsm eitiihiLin£ Phenubirt* 
lal LtmeentmlioiK were chejkesj to identify a possible contribution let lethargy ;» j sample of 

blood collected just before the onset of chloramphenicol therapy Pbenobarbital concentrations 

had indeed increased, in this patient by 41 Wf to 50^4 despite no dose change. The increase 
was presumed to be dye to chloramphenicol therapy Chloramphenicol is a potent inhibitor 
of drug metabolizing enzymes, resulting in decreased phenobafhital clearance. Drug dimina- 
lion half-life hid not been previously determined for phenobarbetal in this patient so a 

change in ha IT life could not be documented. 

Chloramphenicol therapy was discontinued. Phenubarbital therapy was discontinued for nnc 
drug elimination half life and (hen restarted m (lie same dose. Within 48 hours, the patient 

was normal. 


the pattern. Using this approach.,the dose can be modified 

proactively (i.e,. before steady stale occursh Drugs for 
which this might be beneficial include phenoharbital (half 
Isle up to 5 days; steady slate occurring «t) 2 to 3 weeks) 
and bromide (half-life 24 days; steady state occurring at 2 
to 3 monthsk More useful might be measuring concentra¬ 
tions at approximately one drug half-life le g., I itkwtk 
for bromide| in order to estimate PDCs ai steady stale. 
Concentrations collected at this time are approximately 
505* of what they will be at steady slate, 

A third alternative to proactive monitoring is available 

for patients for whom steady-slate concentrations itium be 

reached immediately A loading dose (sec Chapter I) can 


be administered to rapidly achieve therapeutic PDC (see 
Fig. 4 I).. The loading dose (Figs. A -IB and 4-2) needed 
to achieve a known therapeutic concentration of a drug 
depends on the volume of distribution cVdj of that drug in 
the partem and the target tie.* the therapeutic concentra¬ 
tion. s« Table 4-1), If the drug is orally administered, the 

bioavttilability <R must also be taken into account when 

die dose is determined. Although a loading dose can de¬ 
crease the time for maximum response to occur to a drug 

shy avoiding accumulation to steady state), ihe hazard of 

an adverse reaction to the drug is much greater. Thus, 
loading doses are not advised for drags characterized by a 
narrow therapeutic index and thai lend to cause undesirable 
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? 



1 2 3 



Tin» (1^) 



Rpri l-i Drag concent raiton* aero** umc f-K a drug «Jom*J M t>i iiuervaj ilun appro* inuic* it* dlBiimkf hajrfrfe, Wj For such drag*. respond to 
ihcr-jip} and thus iherdpeuik mufi touring oaatr% within the lirvt shire to live dmev Both puik and trough vMttpfes vhtmld fee collected in cmfct to 
k'tuuw-KTuv the (lrp« nf flucliuMwn in dni| craiccfitntiraii during Ihc doting interval, thus <nswing that toiic concentrations dkt neat occur a* the drag 

peak* -uni ihiti ^uhtherapentje coivenfratiMis ,fn not «aur just before the neat du*e. Peak and trough sartpte*. alio* cakiiLiUoo erf site eiemtraiiUMi half- 

life Ld'n-vr |> and [hu» i OWhe kJLumli: drtenWiniLlion of ji (tciiprr tinting interval Fiir dpigi frlvitc ctimiiudun half-life ^ mw;ii limgci lima I he timing 

interval, the drag will accuiniulitfe ticniii time. with muuituni i*cipti|iikbuil ivcumng oaty at three to five drag efimtnutiuai hdf-hvta SUesufy stale 
will he achieved only at chit lime anil mutt he achieved each lime die doting regimen k changed. The acnmim of ifie drag that is jnin ipau it m 
aeruniubte cun be csunmipl land on ihc elimimmon half-life <4 (he chug sfkJ on the dr^mj iitcnal iwc ThBUs 4 - 1 and Fig. For Mich drags, 

because cor ■ n'--.i : ' i i 111 :i..Iy fluctuate dur r_ a i i -11..— interval, a single uutipke is upprupriuie for ira»uioring purposes Monitoring sfVuM out. 
Isjwcvcr. occur until steady state fia* hetm reached C„ Cj = concentration n varnpW I and 2 , fevpeesivrty; t, = iHirrurutiin rate «<•-).dam; pe-dfe = 
peak following lirsi duh<; peak* - peak steady slate; T - interval, i K - drag cluniiuitum Mf lilf; t 4 . t- - tinw uinplcs I and J west* c-uileeted, 
respectively, 
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adverse reactions (e g., digoxin), Fur sale drugs (c,g M bro¬ 
mide, phenobarbital), however, a loading dose ears be* ad¬ 
ministered it deemed appropriate Note, however, that even 
if a loading dose is administered, the maintenance dose 

may he either too high or too low; the need for maintenance 
dose modification may not become evident until steady 
slate occurs fi.e. + at three to five drag half-lives). Monitor¬ 
ing can, however, he used 10 proactively (at one drag half’ 
life) evaluate the proper maintenance dose. 

When using a loading dose (e g., for hrnxnideh TDM 

should he performed three times. The first lime is after oral 

absorption of the Last dose of the loading dose is complete 
to establish a baseline. The second lime would be at one 

drug half-life later fe.g., at 24 to 30 days for bromide) 
to ensure that the maintenance dose is able to maintain 
concentrations achieved by loading. Collection of the sec¬ 
ond sample one drag half-life later is recommended be¬ 
cause most of the change in drug concentrations that will 
occur if the maintenance dose is not correct will occur 

during the first haif-life. If 'the second sample fcollected at 

one drug half-life) docs not approximate the first (collected 
immediately after the load), the maintenance dose can be 
modified at this time rather than wait for steady stats? with 


the risk of therapeutic failure or tonicity. The third time to 
monitor bromide would be at steady state te,g,. * months) 

to establish a new base!Lite, 

Many drugs are characterized by halt-lives that are 
much shorter than the dosing interval F<« these drugs, no 

to little accumulation occur v the concept of 'Steady state " 

is periiapr irrelevant, and response can be evaluated with 
the* first dose (or as soon as the disease has had time to 
respond) For example, many antimicrobials (e,g.. ammo- 
glycosides) are characterized by a half life that is less chan 
2 hours te.g., amikacin in dogs) but arc given at a dosing 

interval of 8 to 12 hours (Neff-Davis, 1988), Thus four to 

six drug half-lives will have elapsed. and less than 5*£ of 
the dose will remain in the body by lire next dose. With 
this dosing regimen, amikacin does not accumulate in the 
plasma, and a "steady-state equilibrium' 1 will not he 

reached. Even though drag concentrations drop below C«j„ 
for many of these drags, the effects of the drag arc often 
still present. For example, aminoglycoside antibiotics are 

still effective because the post antibiotic effect exhibited by 

dii> and many other antimicrobials allows a relatively long 
(and convenient) dosing interval to be used despite the 
■short drug half-life (Bundizeit ei aL, 1981). Therapeutic 
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CASE 4 ▼ 


DIGOXIN THERAPY: RESPONSE AND SHORT HALF-LIFE 



Chief C implainr: 

Pertinam History 


Drug of Interest 

Ocmng Regime rt: 

Duration of Current Regimen 

Concern 

Othff Drugs: 

Drug Concentration: 


Drug Elimination Half-Life 
Predicted Peak 
Recommendation. 



Follow Up 


8-year-old female bound crow 

Congest : ve heart failure due to mitral insufficiency 

The patient ha* been recti sing digoxiQ ihetapy for K days. Paueni ha*, responded to therapy 

aoc! is slowing no evidence of toxicity. 

Digoxin 

(JIMJli mg/kg every 1 1 hours orally 

8 day* 

Base3ine check 

hnaLaprif turosemkk. phenylbutazone, and chloqiheniraminc 


2M ng/int 

1,42 itg/mL 

ft hour* 

NA 


Time. 1,25 hours 

9 hours 

Volume ol Distribution' H\ 

Predicted Tf*wfc NA 


Concentrations me ahewe the upper end of the therapeutic range, hut, with no evidence of 

toxicity, Lhe dose vhoukl nos necessarily he changed. With a 12-hour half-life. the dosing 
interval should nos be prolonged land could be reduced to an 8-«i*w dosing interval with the 
same total daily dose). Leave doling regimen a* :s nr decrease dose by 10%. 

Conipare the dntg half-life ill this patient with the reported numul Q4 hours) and with that 

in Case 4 Had a single sample been endec led halfway through the dosing interval, concentra¬ 
tions would have been in the lower end of itte therapeutic range and the dose may hive beer, 
in^ppruphately increased The half-life in [hi* patient indicate* that the dosing interval should 
not he longer than 11 hours. Should k 24 hour dosing interval be used trough drug 
concentrations would approximate 0.33 ng/mL. 

IN A 


drug monitoring is useful during treatment with these drugs 
to ensure that therapeutic concentrations .are achieved and 
that Ionic concern rations are avoided during each dosing 
interval. Note, however, that if a "trough" sample is col¬ 
lected just before tile next dose, drug concentrations may 
not be detectable. Thus, the trough sample for such drugs 
should be collected at 2 to 3 drug half-lives after adminis¬ 
tration (see Case 6). 



The number o-l samples collected for TDM depends on the 
drag, its elimination half-life, m4 the question to he an¬ 
swered by monitoring (i.c.. is the dose safe, or i> it effec¬ 
tive ?T. For all drug*, PDCs are likely to continue to fluctu¬ 
ate during u fixed dosing interval unless drug half-life is 
much kxnget than the dosing inter*al. The trough FIX" is 
the low est drug concentration that develops dm mg a dosing 
interval (see Fig i I k and it theoretically should not drop 
below the C,, (the aminoglycoside* are one exception). Is 
occurs ju*t before administnuion of the next dose and 
represent^ the muximum effect of the processes of drug 
elimination lie., metabolism and excretion) that occur be- 
tween doses. The peak PDC is the maximum concentration 


achieved after 4 dose is admin stered* and presumably tl 

should not exceed C^. For intravenous f IVI drugs, its 

magnitude as based on the Vd. for oral drugs, it* magtiitude 

also depends on the rate and extent of drug absorption (ie., 
bioavailability) Predicting when the highest drug concen- 
i ran on occurs follow-mg IV cm oral administration is less 
successful than predicting when trough concentrations oc¬ 
cur. 

The relationship between peak and trough PDCs is de- 
ter mined by drug half-life. Peak and trough concentrations 
are very different from one another for drugs with & shod 

half life compared with the dosing interval fe.g., benzodi¬ 
azepines, antibiotics, and* t.if some patients. pbenoharbi- 
id) For such drugs, both a peak and a trough sample 

should be collected. Collection of al Least two sample* 

during a single dosing interval is particularly important fot 
drug* characterized by a narrow therapeutic range. F*ht 
these drugs, effective and toxic drug concentrations are not 

widely separated, and such drugs arc more Likely to cause 
adverse reactions. 

In contrast to- drugs with a short half-life, peak and 
trough concentration* do not differ substantially for drugs 

whose half-life is much longer than the dosing interval 
fe.g , bromide* and, for some patients* pherobarbitid), and 

a single sample is generally sufficient for such drugs 

Single samples mighl aLso be indicated for slow-release 

















InrmdtK'itm in lTru( Uw in Small Amnuh 



Formulas for calcu lating closing regimens 

Kn ■ iff 


Elimination rale constant 

Drug elimination naff-kf® 

Mpimvm time that can 
lapse between dos«s: 

Amount oi drug to be 

admn ctiared during 
a dosing interval: 

Dose pa* L»n<l lime; 

Doite each wiftdivai. 

Loading dose. 

Accumulation fate: 


fi * 0 693** 

Tm*H 

Dyjmaji “ (Vo/FJ^Cinjj -C fTwTi} 

0 b . -T 

ULmax 1 4 mm, 

D*, n^K ■ interval 

OL = (V^J -C w w 

i/n-ly| f } of vi-a rt i 


Rgn 4-1 The daia nece»*af> tor culculannjt toing refimrn* tan he 
t itrijimcd fnwi ihcnjicurk; drt.s; fnuitimnng and from valuer repurlcd id 
the klajluiv, a> miKbfKil (# g . the volume of Jnirikmkm) fur ihc peiicnr 
C:, C 3 = dirfeeniraiKM of yjiiipltfA l and 2, reupcu'tivety; C*«, = imi 

mom PDC y-.A . C w = minimum PDC > uxiyfh«. C., M * maximum 
ltarget PIX. 1 M steady stale irop/mLt; h broatailibiky DOti 1 *- if 
inimmt In “ tnicrv^l: K “ dimnuimn me eur. - tarr. PDC 
ptuoiii irup ancmlraljon i„ t, - lime samples I and 2 were collected 
respectively, Vj = volume i( dislnbudon iLAg). Z ■ TAi H-ki. at ■ TI <■ 
half life ]L|). 


products (e.g. 7 theophylline) because constant drug absorp* 
tion often mitigates a detectable difference between peak, 
and trough concentrations. Single samples also can be 
collected after a Loading dost (i.e , bromide I or at the first 
half-life I i.e,, 3 to 4 weeks J from a patient that has juxl 
begun bromide therapy. Finally, if the qiieMinn to he an¬ 
swered by TDM is one of toxicity (e g ., for digoxin or 
phcnuharbitalh or efficacy throughout the dosing interval, 
then a single peak or trough sample may answer the ques- 
lion, although this approach may be less ideal. 

Often, whether or not the half-life is short or long can 

on)) lx determined by collecting both a peak, and a trough 
sample. For phenobarbitak the elimination half-life may 
initial I y he longer than the dosing interval lie.. more than 
4$ hours I. but after induction Ike., several months into 
therapy) it may be much shorter (i.e., less than 12 hours) 
in ihc same patient (see Case Ig The need for peak and 


trough samples may not be evident if a long half-life 

is anticipated. A prudent approach bn" patterns beginning 
phenobarbetal ihcrapy would be to col loci peak and trough 
samples as a baseline but single samples for rcchccks if 
the patient as responding well to therapy. Peak and trough 

samples should he collected from any pal ten! that is mH 
responding well to ihcrapy with any drug that may have a 
short half-lift compared with the dosing interval Digoxin 
provides a good example oi ihc risk associated with collect 
ing only a single sample when assessing efficacy, Digoxin 

k characterized by a half-life that ranges from less than 12 

hours, thus allowing concentrations to become' subfherapeu- 

tic during a dosing interval, to more than 3b hours {particu¬ 
larly in patients with renal disease;! (see Case- 3). The half- 
life can change again if the patient responds to therapy for 
cardiac failure. If toxicity is suspected, a single sample 
collected at the lime that clinical signs of toxicity occur 


can confirm toxicity. Neither toxicity nor efficacy can be 
confirmed throughout the dosing interval, however, unless 
two samples (peak and trough) arc collected (see Case 4), 
If a kinetic profile of a patient is the reason for TDM, 
at least two samples must be collected to establish a FIX' 
versus time curve. The samples preferably are collected at 

the peak and trough times unless the interval i* so long 

that drug may not he delectable at the trough lime period 
(i.e,. aminoglycosides administered at 12- or 24-Hour dos- 
mg intervals). The most accurate kinetic information is 
generated from patients receiving an IV dose because ihc 
VJ can be estimated along with drug elimination half-life. 
For oral doses, only the rate of elimination and the drug 
half-lire can be obtained. 


Timing of Sample 



Trough samples are generally recommended for consis¬ 
tency across lime if single samples are to be collected. 

Trough samples should be collected dose to but before 8 
dose. Time of peak PDC is more difficult to determine. 
Peak PDC should be determined after drug absorption and 
distribution are complete ( sec Chapter L). The route of 
drug administration cat influence the time at which peak 
PDCs occur, which vary among drugs. For orally adminis¬ 
tered drugs, absorption is dower tl to 2 hours), .ind distri¬ 
bution is often complete by the lime peak PDCs have been 

achieved. 

Tilt- absorption rate can, however, vary widely due to 
factors such as product preparation, the effect of food, or 
patient variability. Obviously, a drug prepared ax an elixir 
will he absorbed more rapidly than the same drag prepared 
as a capsule or tablet. Because food can slow die absorption 
of many drags, fasting is generally indicated (if safe) before 

TDM, Generally, peak PDCs occur 1 to 2 hours after 

oral administration. Some drugs are simply absorbed more 
slowly than others (e g , phcnobarbital), and the time of 
peak PDC sample collection is longer (e.g„ 2 to 5 hours 
for phenobarbitaI). For dregs administered intravenously, 
absorption is not a concern, but distribution is, For some 
intramuscular and subcutaneous administrations, absorption 
occurs rapidly (i.e., 30 to 60 minutes), but, again, drug 
distribution may take longer Thus, PDCs general!) are 

measured 1 to 2 hours after parenteral drug administration. 
Exceptions must be made for drugs, such as digoxin, for 
which distribution may take b to & hours Samples should 

no* be collected for these drags until distribution is com¬ 
plete (see Table 4-1). 


HOW THERAPEUTIC DRUG MONITORING 




Information Needed for Therapeutic Drug 

Monitoring 


The minimum information necessary for interpretation of 

PDCs includes the following: 

i. The total daily dose of drag that will be correlated 

w iih Elte patient's measured PDC is important. The patient's 
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PDC i- then compared with the larget concentration, and 
the dose is modified proportionately, 

2. Time intervals of drug ad mi n istntion are particularly 
i mp* i rt a nr for d rug s with shun half-li ves I e . g ,, a mi nog [ y co ■ 
sides), Provision of this information ensures the cimica 
pharmacologist that b ood samples contain the aclual 
trough or peal drug i irticentratinn. From these data, 4 drug 
half-life can hr calculated and a proper dosing interval can 
be determined, 

3. The putieniY clinical status is important because both 
acute and chronic i!incases can dramatically alter drug 
disposition patterns This is particularly true for patients 
with renal t Hepatic, or cardrac disease, If this information 
is lucking, disease induced changes its drug disposition 

cannot he distinguished from other causes such as nonenm- 
pJianec or drug interaciions, nor car appropriate necom- 
mcmiitions be made regarding dosing modifications. 

4. Concurred LI v administered drugs may alter drug dis¬ 
position patterns and thus contribute to individual differ 
cnees in drug disposition Frequency. dose, amount, and 





the actual times of ail drugs given to the patient must be 

known m order to recognize or predict potential drug 

interact ions. 

5 Physiologic characteristics such as patient species. 

breed, and age are often important to the interpretation of 
the PDC because known or predictable differences may 

induce drug disposition and because there may be known 
differences in pharmacodyruunk response*. Weight must 

be known in order to determine Vd for IV drugs. 

6 . The reason for TDM should be given. i.c lt has the 
patient failed therapy or is. the patient exhibiting signs 

of toxicity? 

It is important to remember that the thempeutk range s 

a population parameter and reflects the range between 
which 95^ of the animals might respond. Where in the 
therapeutic range the individual animal responds is to be 

determined by TOM, Concemrai ions must be evaluated in 
the context of the clinical patient. Some animals may 
respond below the therapeutic range. Thu*, the absence of 
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Complaint: 


Partiwit History: 
Other Drugs 


of Interest: 


Concern 

Dosing Regimon: 

Duration el Cumrrri Regimen 
Petiani Response: 

Drug Concentration 


Drug Elimination HiN-LJfe 
Predict id ftek Concentratio* 
Recommendation: 


Follow-Up: 


Comments 


2-year-old milk intact Si a iff mis hi re terrier 
Peritonitis and bacteremia secondary to pcmtatic abscess 

Surgical correction of prostatic abscess; drug samples collected 24 hours po&toperatively 
Anti emetics imctDclopramidr); intensive 'fluid ihcrapy (balanced crystalloids 
Gentamicin 
Efficacy and safely 

4 mg/kg IV every 24 hours 
24 hnura 


fkbnlr, vc 

5.44 nf/mL 
t) 73 iig/mL 

- 4 hour* 

10 |cg/ml 


Time: 2 hours 

9 houn 

Volume et Distributi or: 0,45 Ukg 



MondelecLable 


Double the doic to target 20 pg/rnL U-Csumlng a minimal inhiNtOfy concentration of | to 2 
ligMUT and marmaifi current 24 hour dosing interval. 

The patient's condition remained critical for 2 more postoperative days hot ahen began 
progressive Improvement The patient was discharged 10 days postoperative!y. 

Actual peak gentamicin concentration was lower than expected (expected: 10 jig/mL), 
presumably due to intensive fluid therapy. The reported volume of distribution for gentamicin 
in d«fs is 0,25 L/kg. but it was 0,45 Dig in this patient, Centamidn is distributed to 
extracellular fluid, which was probably increased in this, patient by fluid therapy. A nearly 
doubled distribution volume resulted in a near halving of peak concentrations The drag 
elimination half-life in tins patient is 2.4 houn;, which is normal. Doubling of the dose will 

add only one drag half-life to the time that target bough concentrations (< l jjLghnL) will be 

reached, which currently occur by 9 hours in this patient, Even if the drag elimination half- 
life were to double (to 5 hours), sufficient time will elapse during a 24-hour dosing interval 
to allow drag concentrations to reach the targeted II p|/mL. Note that the trough sample was 

not cnJkrad in this patient just before ibt nt*t dost (tic., n 24 boors \ The drag wouM not 

hive been delectable at that time; hence trough concentrations were collected after two 

predicted drug h L iif-lives had elapsed. 


seizures in a dog with suhtherspeutic concentrations is not 
justification for discontinuing the drug. On the other hand* 
some animals may respond only if concentrations are 
higher than the recommended maximum concentration. 
Drug concentrations need mot necessarily be reduced if 
there is no concern regarding toxicity or in the absence of 
ude effects, even if the maximum therapeutic range ha¬ 
ters surpassed (e.g., bromide}. 

Dose Modification with Kinetic 
Mentations 

Most dose modifications do not require kinetic calculations 
(sec next section). If elimination half-life, » proper dosing 
interval, or a dose based m changes in patient Vd is 
necessary, then kinetics can be determined. The minimum 
number of data points needed to develop a pharmacokinetic 

profile in a patient is two. Generally for TDM, these two 
samples consist of the peak and trough, (sec Fig. 4-tit) 


collected during a single dosing interval at steady state. 

Alternatively* for the sake of convenience* a trough sample 
can be collected just before a dose and the peak sample 
collected 2 to 5 hours i when appropriate for the drug) 

dosing Tins, protocol assumes that the drug is handled the 
same way by the body during each dosing regimen and 
(hat die dose i s the same. Although this is true, conditions 
such as diurnal variation and treatment can alter drug 
disposition between dosing intervals. Often, the dose is not 

the same for both morning and evening. 

Regardless of when the samples arc collected (assuming 
that they arc collected after absorption anti distribution ire 

complete), when the points are plotted on semi logarithmic 
paper, the dope between the two points reflects L, (see 

Fig. 4-IAi. which is used to determine drug hatf-life in the 
patient (see Chapter !)♦ Half-life can be cither calculated 
or estimated from the PPC versus time curve drawn m 
semi logarithmic paper. The two points are connected, and 
flic* resultant line is extrapolated to both, the x and y axes. 

For estimation, the time that must elapse between any two 
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LXvnL’rnlnitiuns on the line where tine concentration is twice 

the second is the half-life (Figure 4-Ul. The half-life also 

can be calculated from k,. i the slope. or rise |C, — C_4 over 

the run [tj * till. The tine tJoes not need to be plotted to 
calculate elimination half life, but (he Lime dial each dose 
was given and each sample was drawn must be known for 
the calculations (see Figs 4-1 and 4-2). Half-life can be 

used jo determine the muximum time ihut can elapse be¬ 
tween doses in the patient before PDCs do not fall below 

the recommended minimum effective concentration during 

Lhe dosing jratervol (T w ) (see Figs. 4-14 arid 4-2). 

The Vii of drugs administered IV cun be calculated front 
lhe peak PDC and dose l tee Fig. 4-2 and Cum? 6 ). If the 
drug is IDO'S bioavaildble after oral, subcutaneous, or 
intramuscular administration, Yd can also be estimated 
from these data For orally administered drugs For which 
the bioavailability is not known, a population Vd measured 
an normal animals must be used. The individual patient Vd 
may not, however, be accurately estimated by population 
Vd, Changes m patient Vd compared with those in normal 
animals can be somewhat accommodated if information 
regarding patient factors that influence Vd, such as obesity, 

edema, ascites, dehydration, and serum protein concentra¬ 
tions. are known (see Chapters i and 2), 

The Vd is used to calculate the amount of drug that 
must he administered (o achieve C .... the target (generally 
maximum) effective drug concentration (loading dose 
|Di.|>. and the ami Hint of drug neces sary to replace drug 
eliminated during the dosing interval (maintenance dose, 

(see Fig. 4-2), Once D*,. and T w , have been estab¬ 
lished. dosing regimens can he appropriately altered u» 

ensure that PIXY fall within a recommended therapeutic 
range (sec Fig. 4 2) In addition to calculation of pattern 
pharmacokinetic parameters, another advantage to collect 

ittg. both a peak and a trough drug sample is that the 

achievement of a minimum effective concentration 
and avoidance concentrations above the maximum fCY.,} 

throughout the dosing interval can be confirmed. 


Dose Modification Without nineties 


Not all modifications in dosing regimens require pharmaco¬ 
kinetic calculations If a patient has diug concentrations 
outside the therapeutic range, the response is ohvious; dose 
should be modified lo bring the drug concentrations into 
the therapeutic range. Generally, a dose can be modified 
using one of the following equations, as long as concentra¬ 
tions were measured at steady state: 


N e w dose = Old d l 1 sc x 


Targeted f DC 


Observed patient PDC 



New interval 



Old interval x 


Observ ed PDC 

■ i 11 “ 

Targeted PDC' 


Modifications of dosing regimens tor patients whose drug 
concentrations ore inside the therapeutic range arc more 
problematic, The nest step becomes more obvious, how¬ 
ever when one remembers that the data reflect the Individ 


u.il patient, whereas a range was established for a sample 
population. A range reflects the concentrations between 

which most (95%) of the patients are expected to respond. 
For the individual patient, however, where in the range that 
patient should be may not be obvious, Some patients will 
res'pond at the low end of the range, some will not respond 
until the maximum is reached. and a smaller percentage of 

the population will respond at coooenUEUiotut out&tde the 

recommended range. Therapeutic drug monitoring idemi- 

hex the therapeutic range in the patient. 

If a pairem has not responded, even though *XT the 
therapeutic range, we stair step drug concentrations gradu¬ 
ally until either Uie patient responds or the maximum end 
of the range is reached and the risk of adverse effects 
becomes loo great We take the same approach, but in the 
reverse direction, it drug concent rations are too high and 

we want to decrease drug concentration* to a minimum 

effective dose. The decision as to whether to change the 
dose or the interval depends on the drug itself, its therapeu¬ 
tic index, and lhe need to maintain PIM'V within the thera¬ 
peutic range throughout a deling interval 

Even if TDM is used to ensure dial the FIX! stays within 

a therapeutic range during a dosing interval,, a patient may 
react adversely (including failure to respond therapeuti¬ 
cal ly). Disease, age. and other factors may play a role in 
the minimum or maximum effective concentration appro¬ 
priate for each patient fsee Gases 2. 5 and fi), Therefore, it 
is imperative that PDCs he interpreted in conjunction with 
the desired therapeutic end point u.e.. complete eradication 
of seizures vs a decrease in the severity and frequency) m 
well as the clinical status of the patient. This is particularly 
important for tests for a hich there is great os eriap between 
"normal" L and "abnormal - " ranges (eg., digoxin, thyroid 
hormones I Many practitioners have available to them in- 

strumenlation necessary to monitor phe nobarhital and thy¬ 
roid function. 


WHERE THERAPEUTIC DRUG MUNfTORiNG IS 

OFFERED 

Currently. TDM is being offered us an aid to rational 

drug therapy at several veterinary academic institutions 
and veterinary diagnostic laboratories throughout North 
America (Neff-Davis, 1988). The availability of TDM for 
specific drugs varies with the Laboratory. In addition, TDM 
has received wide acceptance in the human medical field 
(Goldstein, 1989), and clinical laboratories providing TDM 
services to human patients may also be amenable to provi¬ 
sion of the same services to veterinary practitioners. Note 
however, that costs of leafing in human patients often far 
exceeds what pet owners are willing to pay for (lie some 

testing in the If animal, 

In human laboratories used to determine drug concentra¬ 
tions in animals, therapeutic ranges (e g., for dorazepate 
and bromide) can differ between animals and people. Re¬ 
gardless of the type of laboratory, veterinarians should 

choose laboratories that follow a good quality assurance 
program, This means that assays that detect dregs have 
been validated in die species of interest ami that controls 

arc used daily or with each test to ensure that the assay is 
valid. Many veterinary laboratories use automated assays 
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Tab!# 4-2. Effects of Oiuf s and Other Artifacts on Tfi«npeutic Dm® Monitoring R&jults 



Artifocl 


Sequelae 


AH draft 
Aminuglyvcsidc s 

[ttulilJt 

Dlgll ,= I 1 , ghfOW I V ■ 

Ptinwbvbiul. 

phcnyicwr . pnj-.id* w 
Thyroid hormuaeii 

Thereby! EiUC 


Senim u par am suN-s. 

1. G l.i ■-■ iubcM 

2 . ^-LiiL'Ijink 

I tic ft '.ised icTum i h tufuJe 

hoi ^topper* 

Praps 


Drug •- 
Drags 


Sa I icone pd cm hind drug, decrsiunf concertntiom 
I. GImh binds drug, dccrejising cunccniniitiwi> 

2 High ciiiKemnitKMs id" IilIuci an(ihu4ica ihathvjur itjmtsuglyt-wsiiiie*, dcMdiii^ 
OLUKcmrabons 


Lkrprftdjftp on a.iuly, chloride .'..ntiwt be JiMitipuiihed truth bmnkh* t«nliltg in 

inifiiliuJI) high chktfidc 
SUfpcr m*y hind- draj:, damning cone cm nations 

QmctainKiQm ire decreased by phmrfwbLutMnduccd chug mcuboLuiti and enhei drags 
dim sumulaic drag rndphnhsm; nwncutnuinmi ure incravcd tiy dmdidiw ( 
dikrturnfiiiaiicol. and other inhlHiaR of drug metabolism; roacatmiDita ate 
mrrtand hy clnwcpdc if concentrations are high 
Hie no barbital increaws peripheral metabolism ud mi) Jkkiu m central tons 
C ■ ■ ftesfn trat i o in a are increased hy cjnijs that tewe irdahelnni including cnjufloiacin, 
imidazole anti fungal, and dnietidiiK 


that were designed id measure drags in humans. To assume 
that the assays will! delect tiie drag in animals is ificwrect. 

Constituents in plasma differ substantially between spe¬ 
cks. and these constimenls can interfere with the methodol¬ 
ogy of some assays. Bromide analysis offers a unique 

concern The assay (gold chloride method) io accurately 

detect bromide in serum is tedious, and many laboratories 

do not offer it because it is time consuming. Some labora¬ 
tories use a bromide - sensiti vc ion probe, which is very 
e.i s v and can. 'he rapidly performed. Unfortunately, ‘.be 
probes are not able \t> distinguish high concentrations of 
bromide (above 1.5 mg/mLi from other ions present m 
high concentrations in the scrum fsuch as chloride), and 

manufacturers of die probe may state that the probe should 
not he used to measure bromide in serum. Because of 
(he inability to accurately detect all concentrations in the 
therapeutic range, laboratories that use this technique may 
limit normal values to concentrations that can be accurately 
detected rather than to an actual therapeutic range. La bora 

lories chosen for monitoring should be contacted before 
use to ensure that quality control procedures are followed 

and that assays used :n animals have been validated. 

AttcntHffl should be given to how the sample cot levied 
from the patient is handled. Some drugs require refrigera¬ 
tion or freezing (Table 4-2). Sample size may \ary for 
each drug or even for the «amc drug depending on the 

method the laboratory uses. Drags, can interact with the 

con miner* \ n w hich they are cc > I lected or i ua i led I n ge me rat. 

serum separator tubes should not be used Io collect or mail 
samples containing drug. Drugs can bind to the silicon 

gel, which decreases concentrations measured in blood. 

Aminoglycosides can bind to glass: samples should be 
collected and submitted in plastic tubes. The effects of 
hemolysis and hyperlipidemia on drug assays vnry, In gen¬ 
eral,. it is wise to avoid either in sample collection Al¬ 
though sample handling is often the same for each drug, 
the laboratory to which the sample will be submitted should 
he contacted before the sample is sent for TDM analysis. 
Idiosyncrasies regarding liming of sample, collection, and 

storage apparatus (i.e.. tubes and anticoagulants)* mailing 

instructions (including conditions), si mil cost should he 
known before collection. 

In summary, TDM can aid clinicians in the titration of 
drug doses to the individual patient, thus avoiding adverse 


reactions that are a direct consequence of patient variability 
in drag disposition. In addition, TDM ensure* that optimal 

drug concentrations are established promptly him! that ther¬ 
apeutic drug concentrations are maintained, thus svoiding 
a protracted period of ineffective drag therapy, 
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Hepatic Disease 
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Hypociicimia 
Hypercskomia 

SURGERY 


PHYSIOLOGY 

Water 

Approxiinalely 60% of a normal animal’s body weight is 
composed of water, with variation between and within 
species. This percentage is affected by fat and age: obese 
and older ant ratals, lend to have a small percentage of body 
weight composed of water. Of’ this 60%, slightly over half 
(approximately 33%) is within the body's cells and is 

referred to as the immcetlutar fluid compartment (ICF). 
The remaining 27% is outside (i.e H between) the cells and 

is referred to as the extracellular fluid compartment (ECF). 
The ECF may be further divided into subcompartments 
•tie,, plasma, 5%; interstitial fluid, 8%: transcellul&r fluid* 
2%; dense connective tissue and bone, 12%) (Rose* 1984a; 
Edelman and Leibmam 1959), 

Linder normal, steady-state conditions, water is freely 
diffusible throughout the body because all compartments 
have the same osmolality (approximately 290 to 310 
mOsm/kg in dogs and 300 to 330 mDsm/kg in cats [Hardy 
and Osborne. 1979)). The osmolality of a fluid can be 
measured by freezing point depression or vapor pressure 


osmometry. Alternatively, serum (it., ECF) osmolality can 

be approximated by many formulas (Le„ mOspi/kg = 

2(Na + KJ 4- [serum glucose in mg/dL + 18] + {BUN 

in mg/dL ■=■ 2,8], where BUN is blood urea nitrogen). The 

accuracy of this formula depends on the absence of unusual 
particles (e.g.* ethylene glycol) that are not expected to be 
found in serum. 


As can be seen from the above formula, sodium is 
principally responsible for ECF osmolality. Osmolality in 
the ICF is principally determined by potassium, magne¬ 
sium, phosphates, and proteins. To cause water to move 


from one compartment to another, one must change the 

tonicity of one or more compartments (Guyton* 19861, 
Tonicity (which is sometimes considered ‘‘effective*' os¬ 
molality) refers to particles that cannot readily diffuse 
across membranes. Because such particles cannot readily 
diffuse across a membrane, it is possible for there to be 


greater or lesser concentrations of particles on. one side, 
depending on body transport mechanisms. An accumula¬ 
tion of such particles on one side of a semi permeable 
membrane can cause the osmolality on that side of the 

membrane to be greater than what is found on the: other 
side of the membrane. When the osmolality on one side of 
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a membrane is greater than on the other side, either parti- 
ties or water will diffuse front oik side to the other until 
there is isotonic tty ii.e., the saute osmolality on both sides 
of the membrane). If the particles cannot diffuse, then the 
water must Thus, by increasing or decreasing on one side 
of the membrane (he number of these particles that cannot 

reodi y diffuse across the membrane* water can be made to 
enter or leave that compartment In such conditions. we 
say that these particles are ‘‘effective** in exerting oncotic 

pressure arxJ causing fluid to move. This is in contrast to 
particles that freely diffuse across cell membranes i‘e.g. t 

BUNK 

If there arc too many or too few diffusible particles on 
one side of a membrane, they, rather than water, will 
passively diffuse across the membrane until 1 the quantities 
of particles arc equal on both sides Thus, particles that 
freely diffuse across membranes contribute to osmolality 
but do not exert tonic pressure. Extracellular fluid sodium 
k a good example of a panicle that is responsible foi 
tonicity. Even though it can diffuse across cellular mem¬ 
branes... Na-K ATPase that is present in most cellular mem¬ 
brane ^ (except for most canine and feline red blood cell 
membranes) maintains a very low intracellular sodium con¬ 
centration. Hence, if sodium is added to the ECF. tl stays 
there and increases the osmolality and tonicity. Conse¬ 
quently, water is be drawn out of the ICF and into I he 
ECF compartments until the osmolalities of the two fluid 
compartments are nearly equal. Chloride atoms usually 
follow sodium atoms in order to maintain c Lcctroftcutral ity; 

hence, whenever a sodium atom moves, it usually means 
that there are two panicles that have been added or sub¬ 
tracted from a compartment: sodium and chloride Glucose 

is another particle that has a major comrihulitm to plasma 
tonicity. Although it can enter the cell, it does not do so 

rapidly in the absence of insulin (Rose. 19S4*). 

Albumin is not important for distribution of water Ik 
tween the ICF and ECF: however, it is important for 
distribution of water within the ECF Albumin contributes 
most to tonicity at the level of the capillary* In the capillar¬ 
ies, sodium and glucose can pass f reely m u- I he lymph 
while albumin is, retained in the vessel, where it. exerts a 
tonic force, drawing fluid back into the cupillarv (Rose. 
I9fUak 

The total amount of water in the body is determitKd by 

intake versus loss I Rose, 1984a) There are obligatory 

water losses into the urine, feces, ami expired air of all 
animals. There can also be excretion of free water into 
urine. Occasionally, there may be significant obligatory 
cutaneous losses, but this is uncommon in dogs and ea U 
Obligatory wafer kisses in dogs include panting, and subse¬ 
quent loss i if fluid in saliva can be important in that species. 
Obligatory 5 urinary and fecal losses are determined toy the 

solute load that tnusi be excreted. Respiratory losses of 
water are affected by ambient temperature and humidity* 
Water loss may increase due to symptoms such as vom¬ 
iting, diarrhea* and polyuria, Fever can also be responsible 
for increasing loss of water from a patient (Rose, ]984b). 

Urinary free water loss refers lo water excreted above 
and beyond that needed lo eliminate renal solute. This 

water is excreted due to modification of antidiuretic hot 
mone fADH) secretion. Antidiuretic hormone is normally 

released from the posterior pituitary gland when osmo¬ 


receptors in the hypothalamus detect hypertonicit> and 
when bororecepturs in the cardiovascular system sense hy¬ 
povolemia. Release of ADH causes water to 'be retained in 
the body. For free water to be excreted by the kidneys, 
there must be suppression of ADH release, adequate deliv¬ 
ery of tubular fluid to a properly functioning ascending 

limb <rf the loop of Henle. and the renal collecting ducts 

must function normally (Le., they must he impermeable in 

the absence of ADH) (Stems and Spiiak 1990). 

Water intake occurs principally by drinking, although 

food consumption may also contribute significantly, de¬ 
pending on (he food. Not only may different foods contain 
different percentages of water, bid. metabolism of nutrients 
also produces what is referred lo as “metabolic water“ 
(Anderson, 198*1, Thirst is controlled by the central ner¬ 
vous system ami is rarely defective unless, there is neuro¬ 
logic disease or a congenita) abnormality of that area of 
the brain. 


Sodium 

Sodium intake normally occurs when ait animal cat* or 
drink*, (Briggs et nL 1999), Animals receiving medications 
may, however, have substantial sodium intake via drugs. 
Under norma! circumstances, the kidneys regulate sodium 
loss from the body, excreting as much sodium as is in¬ 
gested, The renal excretion of sodium is regulated by 
aldosterone, atrial natriuretic factors, ami intrinsic renal 
mechanisms (i.e,. glomerulotubular balance and renal he¬ 
modynamic factors). Glomerulotubular balance refers to 

the ability of the kidney to maintain a relatively constant 
fractional reabsurptior of sodium, despite changes in the 

glomerular filtration rate. 

If there is expansion of the effective; circulating volume 
(La,, overhydration or excessive water in. the ECF),. the 
cardiac atria will be distended and release atrial natriuretic 
factors. These factors inhibit the production and the effects 
of angiotensin as wet! as decrease reabsorption of sodium 
from the renal medullary collecting ducts Hypoperfusion 

of the kidneys or decreased delivery of sodium u> the 

macula densa activates the renin-angiotensin system, caus¬ 
ing more sodium to be reabsorbed from the renal tubules. 

Aldosterone- also h released from the adrenal cortex* in¬ 
creasing sodium reabsorption from the renal cortical col¬ 
lecting ducts (DiBartola. 1992a), 


Potass turn 

Regulation of total body potassium and plasma potassium 
concentration is important because potassium has a major 
influence on resting cellular membrane potentials (DiBar- 
tola and Autran de Morals, 1992). Hypokalemia lowers the 
resting membrane potential, making it more difficult to 
achieve an action potential and subsequent contraction of 
a muscle. Hyperkalemia rai**es the reeling membrane poten- 
(j, 11 , which may result in a diminished action potential 
amplitude or, in extreme cases, continuous depolarization 
of the cell membrane Most of the body A potassium is 

found within cells, yel the plasma concentration hits sig- 
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nilkant effects on body function. Potassium regulation thusv 
i> more complicated than sodium regulation 

Potassium homoosiasis is best conceptualized as being 

divided into internal and enema I balance. External ha lance 


refers to the tola) amount of potassium in the body and is 

determined hv intake versus Joss. Potassium enters tbe 

a 

b'.Njy principally via food* and almost all ingested potas¬ 
sium is absorbed. Relatively little potassium is normally 
excreted in the ieccv, alUnHigh ibis curt become m ini' 

portent route in disease. Normal potassium loss occurs 

predominantly via the kidneys, depending on ECF potas¬ 
sium concentration and secretion of aldosterone Although 

this is □ very effective means of eliminating potassium 

from the body, this mechanism cannot adjust rapidly 

enough to mamtiim normal plasma potassium concentra¬ 
tions when larger than normal unitiunls of potass turn ale 

ingested sRo-se, 1984c), 

Internal potassium balance refers to the distribution of 
potassium into the 1(7 and FCF compartments The Na-K 
ATPasc found in cellular membranes actively transports 
potassium into the cell and maintains a high intracellular 

concentration (i.c., approximately I Ml mEq/T) Additional 
potassium may, however, need to be sequestered in the 
cells until the kidneys have lime to eliminate it (as in the 
case of an animal suddenly eating a meal containing several 
tunes as much potassium as it is used to eating) In such 
cases, insulin and epinephrine augment the transport of 
potassium into the cells, s-iicK storing additional potassium 
until it can be eliminated (Rose. 19K4e), The internal bal¬ 
ance mechanisms should be thought of a* a temporary 

measure designed to allow the kidneys and colon time to 
complete their job (Willurd. 1989; DtBanola and Autran 
de Moral x, 19921. 


conjugate sail. There are many buffers throughout the body. 
The principle buffer in the ECF is the bicarbonate-carbonic 
acid ssstem, which only reacts with nonvolatile acid. Cal¬ 
cium carbonate and calcium phosphate in hone have a 

mmor buffer mg capacity, whereas intracellular phosphates 

and proteins are important for both volatile and nonvolatile 
acids \folatile acid (CO-1 is mH buffered by the bicarbonate 

system; it is buffered by proteins, especially the hemoglo¬ 
bin in red blood cells iDiBartola, 1992b. Rose, I984d|. 

The pH of the ECF is ultimately determined by how 
effectively these buffering and elimination mechanisms 

work. Understanding the effects of the different types of 
acids and buffers on pH may be aided by 1 considering 
the Hendereon-Hasselbalch equation This equation is not 
completely accurate, and another system (i,e,* strong ion 

difference jjSlDJ) avoids some oi the oversinipli Neat ions in 
the Henderson-Hasselbalch formula (Autran de Murais, 
19S2a) The SID system recognises a distinction between 
independent variables (i.e.* Pt:o and SID), total mm volatile 
weak acids (i.c_, |A |Lt |, which are primarily composed of 

plasma proteins)* and dependent variables fi e,, |HCO, ] 

and [H |). This allows one to understand changes in 

fHCOj" 1 in terms of alterations in SID, PcOj* and [A, t |. 
The clinical v dire of the SID system over the traditional 
Henderson-Hassdbalch formula is currently uncertain. For 
that reason, and because the latter equation is easier for the 
beginner to conceptualize and yet allows one to sufficiently 

understand the processes involved to diagnose and treat 
must clinical!v significant acid-base disorders, the Bender 
son-Husselbalch equation is considered in this discussion. 
That equation is 

pH = 61 + logdHCn j +■ 0.0) X Pcoi) 


Acid-Base Status 

The body must deal with very large amounts oi' acid |H ) 
that are generated daily. This is important because is 
very reactive, and small amounts (ie , nanocq u i valems) 
have detrimental effects on proteins fi <■, enzymes, cell 

membranes] for example, a pH of 7.40 is a normal blood 
pH If the pH falls to 7 20 (which is am increase of approxi¬ 
mately 2(1 nEq H*/L). the patient may have decreased 
cardiac output arid be predisposed to arrhythmias {DiBor- 
tola, 1992b: Rose. 198441, 

One may view acid-base physiology as having an exter¬ 
nal ami internal balance, much as occurs for potassium. 
External balance consists of eliminating acid from the 
body, while internal balance consists of safely sequestering 
excessive acid until it can be excreted. There are, however 

two categories of acid found in the- body nonvolatile I pro¬ 
duced by metabolism, especially of proteins and ammo¬ 
nium* in the liver) and volatile: CO. produced by cellular 
respiration throughout the body IDiBartola, 1992b), each 

being handled differently. 

Nonvolatile (also called f*u>d) acid tH’) is primarily 
excreted by the kidneys* whereas volatile acid is eliminated 
via the lungs qs C(T. Sequestration of acid is called buff¬ 
ering and involves reacting the Fi ’ with .something n.e.. a 

buffer) that can combine with it and yet result in a minimal 
change in pH, generating usually a weak acid plus its 


Clinically, the most important aspect of this formula is that 
it is the ratio of the blood bicarbonare concentration to the 

partial pressure of CO s that del ermines the ECF pH, not 
just the concentrations (Rose* 19844), 

The blood bicarbonate concentration is normally main¬ 
tained by the kidneys. The kidneys reabsorb filtered bicar¬ 
bonate and regenerate bicarbonate that has buffered (i,e. t 

'“titrated 1 ') acid. In this way. bicarbonate may be thought 
of its n “conveyer belt. It combines with nonvolatile acid 
(i.e„ H 1 )* which protects the pH, St then lakes die acid to 
the kidney where the IT is excreted, and the bicarbonate 
h regenerated so that ii cun go buck and do the same thing. 
When the bicarbonate has titrated an IT atom, it Lx no 
longer bicarbonate, and hence the concentration of bicar¬ 
bonate decreases until the bicarbonate regenerates. If there 

is so much acid that the hicarhonale system cannot buffer 
it quickly enough* ihe additional acid is buffered by other 

systems, especially intracellular protein and phosphate 

(Rose. 1984c}. 

When there vs excessive nonvolatile add present it 
reacts with the bicarbonate buffer systems land others* 
depending on the magnitude of the increase) The plasma 
bicarbonate concentration decreases as the bicarbonate 
combines with H J and forms H:CO k , The result is ihat the 

Qfl » 

HCOi :Pco> ratio decreases, meaning that the pH is levs 
and there jv acidemia (i.e.. too much acid in the- blood L 

We would say that this patient had a "metabolic’" acidosis 
because it has a disorder causing excessive nonvolatile 
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acid. The body will try to re-establish the ratio (and thereby 

Ilk- j>H) by lowering the Fro* by hyperventilation. This is 
a norniaJ compensatory response. If the underlying disorder 
persists, the pH will not become normal, but will be closer 

to normal than it was before the compensatory response. 

Although less common, excessive loss of HCOjT from the 
body i as ixnght occur with some types of diarrhea) could 
result in the same ratio and the same compensatory re¬ 
sponse (ft rise, |9tt4f). 

When there is excessive volatile acid present., ir does- 

irot react with the plasma bicarbonate, The Pcxjj of the 
plasma will be increased, which increases the denominator 
of the HCOi :PC0j ratio, thus decreasing the ratio and 
resulting in a lowered pH., an acidemia. This patient would 

be: said to have a "'respiratory '* acidosis because it has a 

pulmonary dysfunction that is resulting in the increased 
Paw. The normal compensatory response by the body 
would be to increase the numerator • i.e., increase serum 


bicarbonate concentration by decreasing mml excretion} 
(Rose. 19840, 

When there i* an exccas of plasma bicarbonate* the ratio 
increases, arid the resulting high pH (i,e,, alkulemia} is due 
to & metabolic alkalosis. The normal compensatory re¬ 
sponse is to have the lungs excrete less CO] Finally, if 
there is a deficiency of CQ 2 (due to hyperventilation), the 
ratio increases, and the animal has a respiratory alkalosis. 
The normal compensatory response is to excrete additional 
bicarbonate into the urine until the normal ratio is re¬ 
established (Rose, |984g>. 

Compensation normally occurs quickly, in dogs, one 
may anticipate the approximate degree of a compensatory 
response it the body is functioning normally: cals are 
m' as predictable A general rule is that the body never 
ovcrcompcnsates for an acid-base disorder and* w ith the 
possible exception of chronic respiratory alkalosis, is not 

efficient enough to return :hr pH all the way back, to the 

normal range (DiBartola, 1992b). 


DISEASE-INDUCED CHANGES 


Sodium 


Tall* 5-1, Cau*tit of Hypernatremia 


Normal fa,* of free water with inadequate reptarefnent 
Failure w» pftn tie -.v Her to m aninul iliac can drink 
inadequate fluid therapy for m aaintal that cannot drink 

UdiTHiiiciiniK anUnill 


Animal iMm i& tm taoig; fed m watered! per m 

Animal with an neat, pharyngeal. or ouphageal disease tfan 
fvettub ingeiuon 

Adipm 

EttiMiic Iuar- of free water wilh inaitiquue replatcreeftl 
Diabclct IciiKipKSusi 


He*l Wrote 

Fever, hvpenhemia 

MyputuaiL fluid tesc* 




xvimiunf 

Poly mil 

timuve intake of sodium 

Salt potj.coning 

Admir«idralKKi of sodium 


Hypnxoiik' saline 
Sodium hrcaitonate 


so effective that it is exceedingly rare that hypernatremia 
occurs in animals that have access to adequate volumes of 
water and can drink. Hypernatremia should cause one to 
consider the diagnoses listed in Table 5-1, 

Hy ponalrntim 

Hyponatremia can be due to addition or retention of water 
in excess of sodium to the body or die: ECF or to loss of 
sodium from the body. Hyponatremia may be caused by 
several mechanisms, and a systematic approach to de¬ 
termining die cause is necessary. Evaluation of plasma 
osmolality is the first step (Table 5-2) (DiBartola, 1992a). 
Hyponatremia wiih concurrent normal plasma osmolality 
suggests a laboratory artifact. Hyponatremia with concur- 
rent plasma hyperosmolality suggests (hat there are other 
osmoticall) active particles in ihc plasma (i.e., glucose, 
mannitol i that are drawing water out of the ICF and into 
the p])&ma t thus diluting the sodium that is present tDiBar- 
lola, 1989. 1992ak 


Changes in plasma sodium concentration usually reflect 
changes in total body water content. Hyponatremia and 
hypernatremia primarily cause clinical problems by overhy- 
drating or dehydrating the brain (ICF). However, the sever 
ity of clinical ■signs may correlate more closely with the 
rapidity of change rather than with the degree of hypona¬ 
tremia or hypernatremia. If the serum sodium concentration 

changes slowly, die brain can usually adjust the number of 
osmotically active particles in its cells and protect itself. 
Thus, prevention is preferred to treatment, ami treatment 
should 'be gradual rather than sudden (Rossi and Schrier, 
1987). 

Hypcrnatrvmiu 

Hj pematremia may lit: dye lo either addition of sodium to 

the body or loss of free water without replacement (DiBar- 
tobu 1992a; Hardy, 1989). 'Use Loiter is probably the most 
common cause in dogs and cats The thirst mechanism is 


Tibi* H Evaluation of the Pattern with Hyponatremia 


XomcHHiDDlil palieute 

Look fw inifid (w., puudDhjrpoiMERinia dye tg hyperlipidemia or 
fe) p*.rpnw i nom i a 1 
llypo-i^molil paiiem* 

Hypvvokmii; pattern* 

GasiroiAKsbrjol lo» of hypulonk laid w.'ib wiki repLacemcnt 
H ypoadmnooit ti i * in 
Silt-losing nephropiltaieh 

Sequestration of fluids or sodium in Itrtrd spaces 

Hyperviiteink: paucitm 
CaiqeiUve hem failure 

Nephrotic syndrome 

Hepatic disease i especially cnrtirm*) 

Normovoknui] pate ate 
Primary polydipsia 
Administration of hypokmic fluids 
HypercHmotal poiiente 
Hyperglycemia 

Mannitol tofu new 
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Patients with hyponatremia -and! concurrent plasma 
hypo-osmolality should next be determined to be either 
hypovolemic, normovolemic* or hypervolemic. Hypona¬ 
tremia in a hypo-osmoluL hypervolemic patient is often 

due to congestive heart failure, nephrotic syndrome, or 
severe hepatic disease (usually cirrhosis) Each of these 
diseases may cause so much retention of water that even 

though <he animal's total body sodium is increased, the 

patient sull becomes liy ponaucmic, These disorders tend 
to cause poor perfusion despite adequate blood volume 
ii,e.. decreased “effective" circulating volume}. Therefore, 
the body retains fluid in an effort to expand the circulating 

volume, something that normally improves peripheral per¬ 
fusion if the patient is dehydrated but does not help these 
animals. Poor renal perfusion can also result in decreased 
delivery of fluid to distal diluting sites in the tubules with 

stibsequertt fluid retention. There arc additional mecha¬ 
nisms proposed for each of these disorders (DiBartola. 

m2»h 

Hyponatremia in a hypn-osmolal animal that is hypovo- 
lemk suggests either hypotonic fluid loss with subsequent 
replacement of the water only* third space losses, or levs 

of sodium from the body. Note that loss of hypotonic fluids 
fluids in which there are relatively small amounts of 
sodium) via vomiting diarrhea, or polyuria can cause either 
hypernatremia or hyponatremia If the water loss is not 
replaced, the animal will be hypematremic and dehydrated 
because, despite losing both water and sodium, it has lost 
more water than sodium, if the patient drinks water how¬ 
ever (i.e.. replaces the hypotonic fluid loss with water that 
has even levs sodium}, hyponatremia will result. The pa¬ 
tient may still be hypovolemic for two reasons. First, there 
may be ongoing losses. Second, and more importantly, loss 
of hypotonic fluid from the ECF means that there is less 
ionic pressure holding water in the ECF (due to the kiss of 

sodium). When the patient drinks witter, relatively more of 
it goes into the ICF (which has not lost its osniutically 
isctive particles} so thau even if the patient has adequate 
total body water, maldistribution results in a deficient ECF 
(DiBartola. 19*9, 1992a). 

Sodium may be lost from the body due to hypoadreno¬ 
corticism and other sah-losing nephropathies u y g., pyelo¬ 
nephritis. diuretic administration). These patients may be 
distinguished from those with gastrointestinal losses of 
hypotonic fluids by examining the urinary sodium concen¬ 
tration. Under normal circumstances, a hypovolemic patient 
with hyponatremia seeks to prevent renal sodium losses .as 
a means of restoring ECF, Consequently, there will be- very 
little sodium in the urine. Animalx lfi which icnal losses 
are the cause of the hyponatremia will, however, have 

substantial urinary sodium concentrations < Dill areola, 

1989 k 

Hyponatremia in a normovolemic, hypo^osmolal patient 
is uncommon in dogs arid cab. Primary polydipsia (also 
called psyrhofirnk polydipsia) and oyctzchJous administra¬ 
tion of hypotonic fluids arc the most common causes (Di 
Bartola, 1992a). 

Chloride 

Changes in plasma chloride concentration are important 
from the standpoint of the effects they have on acid-base 
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stains. In particular, hypochloremia is closely associated 
with metabolic alkalosis (DiBartola, 1992c k Hyperchlor¬ 
emia tends to be associated with acidosis, 

Hypodkbimnla 

The major causes of hypnchkHetma are increased losses 

due (o vomiting of gastric contents or excessive administra¬ 
tion of loop diuretics (e.g,, furosemide) i DiBanoLa el al ri 

1994), Chloride Josses due to gastric vomiting are usually 
associated with hypokalemia and metabolic alkalosis. Oc¬ 
casionally, a paradoxical aciduria is also seen. History, 
physical examination, and these other laboratory findings 

are usually diagnostic of vomiting, A history of aggressive 
forme nude administration, especially in an anorexic ant- 
mal. is also usually sufficient for diagnosis, Rarely, admin¬ 
istration of large doses of sodium without administration 

of chloride (eg., high doses of sodium penicillin G) may 

cause hypochloremic When a hypochloremic patient is 
also hypematremic, hyperkalemic, or both, one should eon* 
rider hypoadrenocorticism. If. however, one corrects the 
plasma chloride concentration foi the plasma water, Lc.. 

Dogs: Corrected G" - plasma Cl in niEq/L x 

(146 plasma Na in mEq/L) 

Cats: Corrected Cl" - plasma Cl in mEq/L < 

(156 -s- plasma Na in mEq/L) 

one will find that patients with hypoadrenocorticism may 

Jiavc a normal or increased corrected chloride level (DiBar- 
tola et at., 1994), There seldom seems to be a major 
diagnostic or therapeutic benefit to determining the cor¬ 
rected plasma chloride concentration, 

H ype re h lore n i i a 

Hyperchloremia is principally found in animals that are 
hypematremic due to loss of free water and in those that 

have received fluids containing proportionally more chlo¬ 
ride than sodium relative io plasma values. Examples of the 
kuter include physiologic saline solution (PSS), Ringer's 

solution, and especially FSS supplemented with potassium 

chloride. Hyperchloremia may also be present in animals 

that have a metabolic acidosis associated with a normal 
anion gap (i.e., hyperchloremic metabolic acidosis). This 
acid-base change may be seen in some animals with exces¬ 
sive bicarbonate loss due to severe diarrhea (DiBartola el 
aU J994). 

Potassium 

Changes in ihc plasma potassium concentration arc im¬ 
portant because of their effects on cellular metabolism 

and especially on the resting membrane potentials and the 
subsequent strength of contraction when an action potential 
is generated (Rose, 19R4c), Hypokalemia and hyperk;Jemia 
both cause muscular weakness. Hypokalemia also predis- 
poses the heart to arrhythmias and makes it difficult lo 
control arrhythmias pharmacologically* Plasma potassium 
concentrations of 8,0 mEq/L or higher and of 2,0 mEq/L 
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o-f lower <jjv potentially life threatening, although leaser 

changes can he dangerous if there are other, augmenting 

changes (eg . hyponatremia, hypocalcemia, or hypercalce¬ 
mia) I Willard. 1989), 

Hyperkakmbi 

Hyperkalemia may be art it actual or real. If it is real, it is 
either iatrogenic (increased intake or other drug reaction) 
or spontaneous. The major cause of spontaneous hyperka¬ 
lemia is decreased urinary excretion due to either renal or 
adrenal disease (Table 5-31 (Willnid. 1989). 

White blood cells iWBCs) and platelets contain potasr- 
Miiin that can be released when bl<*xl clots and excessive 
numbers of these cells lyse. This is usually only a problem 

if there are more than 100.000 WBC/jil (eg.., leukemic 

patients) or more than 800.000 plaidets/jil (Bellevue et al.. 

1975: Reimann et al., 1989). Red cell lysis does not cause 
a problem unless the particular animal that is he mg sam¬ 
pled has red blood cells with a high intracellular potassium 
content. This is most common in Akiras but may occur as 
a genetic trail in dmost any dog {although it iv rare) 
(Dcgcn, 1987 ) l If there is any doubt as to whether the 

hyperkalemia is urn factual or real (i.e., finding hyperka- 

Icmia in an animal that one would not expect to find it in), 
one should obtain a lithium hepahn-anticoagulated blood 
sample and promptly harvest the plasma before any of 
these cells lyse. Such a sample should be used routinely as 

il will prevent pscudohypcrkalcmia from any of these 

causes (DiBartnla el al., 1994 ). 

The list of drug* that may cause hyperkalemia is impres 
sive (Willard. 1989). With the exception of excessive ad¬ 
ministration of potassium chloride in intravenous fluids, 
however, significant hyperkalemia due to drug administra¬ 
tion is rare and usually only occurs if there is underlying 
re nil or adrenal dysfunction. Only the more common 
causes are provided m Table 5-3 

Decreased urinary potassium excretion may be due to 
severe primary renal dysfunction (e.g., typically an uric or 
oliguric renal failure) oi to secondary renal dysfunction 


Tail# 5-3. Cause* of Hyperkalemia 
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due to aldosterone deficiency tic,, hypoadrenocorticism). 
Third space disorders {e g., fluid accumulations in the pleu¬ 
ral or peritoneal cavities) (Willard et al, 1991) and some 
gastrointestinal diseases (i.e M whipworms) (Graves cl al,. 
1994) rare I y cause hyperkalemia through uncertain mecha¬ 
nisms. One should identify hypuadrenocorticisrn early as il 
has an excellent prognosis if treated corrcdly; an adreno¬ 
corticotropic hormone stimulation lest is required for de¬ 
finitive diagnosis. 


Renal failure should usually be considered next. If third 
space disorder!; (especially chylothorax or ascites) or whip¬ 


worms iire present, one may have to eliminate them ami 
see if Uw hyperkalemia returns. Most patients with hyper¬ 
kalemia due to renal failure have acute failure with oliguria 


or anun 


. Nm ill acute renal failure patients have hyperka¬ 


lemia. however, and not all hyperkalemic. oliguhc patients 
have acute disease. Furthermore, sotte patients appear to 
have damage to the renal tubules at The site of the action 
of aldosterone and have hyperkalemia despite relatively 
moderate increases in scrum creatinine and iso evidence of 


oliguria. One must eliminate other causes of hyperkalemia 
in such patients; diagnosis of renal hyperkalemia is made 
by exclusion (Willard, 1989. DiBmtulu and Autran dc 

Morals. 1992). 


Hypokalemia 

Hypokalemia may be caused by decreased intake, increased 
loss, intracellular sequestration of potassium, m a combina¬ 
tion thereof. Decreased intake, while contributing to hypo¬ 
kalemia due to other causes, is rarely sufficient by itself to 

cause clinically significant hypokalemia. Sequestration of 
potassium is usually iatrogenic and caused by insulin ad 
ministration, although an rente, severe aikakmia may be 
responsible (Rose, 1984c). 

Increased lew* of potassium is the roost important cause 

of hypokalemia in dogs and cats Gastrointestinal Josses 
doe to vomiting ami diarrhea are the most common, al¬ 
though renal losses may be due to drugs fe.g., furosetmde) 
or spontaneous renal disease. The latter is relatively com 
moti in older cats and often is not associated with azotemia. 
If in doubt as to the cause, one may calculate the fractional 
excretion of potassium (FT* l into the urine Animals that 

are hypokalemic due to txmrertnl causes should have nor¬ 
mal (approximately 4% to 691) to decreased FE K , whereas 

cats with potassium losing nephropathies usually have val¬ 
ues more than 6% to 1(15 (Dow et al, 1987a, h: DiBartola 

and Auinui dc Moraix, 1992). 


Miscellaneous Minerals 

Miscellaneous minerals that occasionally concern the clini¬ 
cian uie phosphorus and magnesium. Severe hypophos¬ 
phatemia is principally seen in diabetic kctoecidotk: pa¬ 
tients that are overtreated with insulin and occasionally in 
emaciated cats receiving enteral or parenteral nutrition 
(Justin and Hohenhaus, 1995; Adams et al., 1993). Hyper- 
pho&pliatemia is often seen in azotemic patients, but seldom 
requires special considerations when formulating fluid ther 
apy. Hypermagnesemia and hypomagnesemia are reported. 

The clinical significance of minor alterations is uncertain. 
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Table S-4. Expected Findings end Compensation in Normal Dogs with Simple Acid-Base Disturbances 
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but marked changes can cause a variety of clinical prob¬ 
lems, including cardiac arrhythmias, neuromuscular signs, 
and inability in correct hypokalemia. Extrapolating from 

human medicine, renal and gastrointestinal losses may be 
major mechanisms of hypomagnesemia. Excessive intake 
of magnesium, especially by patients with renal dysfunc¬ 
tion. may be a major cause of hypermagnesemia Mirant bar 
and Musty, 1987), 


Ac id-Base Status 


Changes in acid base status are important because of the 
effects (hat acidemia and ulkalcmin may have on the body. 
E valuation of acid-base status is best accomplished by 
hltKid gas analysis. When evaluating blotxl gas values, one 
should first i let ermine if the pH is abnormal (DiBartola, 
1992b). If it is. there must be an acid-base abnormality. If 
the pH is normal, there mighl still be a disorder, but it 
would have to he a mixed disorder (i,e„ two separate 
disorders occurring simultaneously, such as a respiratory 
alkalosis due to pulmonary parenchymal disease plus renal 
failure causing a metabolic acidosis). The reader is referred 

to other references for information on mixed disorder (see 

Autran de Morais, 1992b), 

If the pH is abnormal, one must next determine if it is 

due to a metabolic or a respiratory problem (Tabic 5-4). 
Remembering that the body does not ovcrcompenmate 
should help one determine what the primary disorder is. 
(That is. if both the Ht’Ch and the Pco ; are decreased, one 

should look at the pH to determine the primary problem. 

If the pH is acidic, it is a partially compensated metabolic 
acidosis If the pH is alkalotie, it is a partially compensated 
respiratory alkalosis j The next question is whether there 
is appropriate compensation for the primary disorder, For 
the dog. there are guidelines in determine if the compensa 

tion is appropriate or not (see Table 5-41; however, one 
cannot extrapolate these guidelines from the dog to ihe cat. 
Finally, one should seek the cause of the acid-base disorder 
(DiBartda, 1992b). 


Metabolic Acidosis 

Metabolic acidosis is probably the most common canine 
and feline at id-ha sc disorder that needs to tv addressed by 

the clinician. The most common causes of metabolic acido¬ 
sis in these species rare listed in Table 5^5. Lactic acidosis 

is one of the most common causes of acidosis. Whenever 
there is poor peripheral perfusion, anaerobic metabolism 


may predominate with subsequent production of acid 
(Hindman, 199(1). The acidemia is not actually due to 
dissociation of the lactate; the lactate simply reflects the 
anaerobic metabolism that has released protons. Therefore, 
lactic acidosis may by seen in conjunction with other 
disorders Rarely, lactic acidosis may he due to abnormal 

metabolism by tumors. Lactic acidosis is usually diagnosed 

by elimination of other causes of acidosis and finding a 
disease that would cause it. Blood lactate levels may be 

measured, hut this is rarely required. Calculation of the 
amort gap may help diagnosis as lactic acidosis may cause 

an increased anion gap (DiBartola, I992d; Rose, I984h: 
DiBartola et al,, 1994). 

Some patients with profuse diarrhea may lose excessive 
amounts of bicarbonate in the feces and thereby become 
acidcmic. This typically causes a hyperchloremic metabolic 

acidosis, which, if an anion gap is calculated, will be 
associated with a normal anion gap. This acidosis may be 
combined with lactic acidosis in some patients because of 

concomitant dehydration: Neil her type of acidosis predict- 
occurs in all or even most diarrheic dogs or cals. 

however, especially if there is concurrent vomiting tDLBar- 
tola. 1992d), 

Renal 




causes acidosis when the kidneys cannot 
adequately excrete H , regenerate HCO, + or both. Renal 
ammonium excretion is the principle means of eliminating 
protons, and this (function is usually adequate until the renal 
failure becomes severe. Acidemia secondary to uremia may 
have a normal anion gap initially, hut an increased gap 
is expected in more severe uremia. Hypoadrenocorticism 

produces acidemia because aldosterone is needed to stimu¬ 
late secretion of IP into collecting duel fluid. Thus, it may 

be thought of as a functional renal failure. There arc also 
specific renal tubular defects ti e., renal tubular acidosis) 
that are uncommon in dogs and cats but That may cause a 

hyperchloremic acidemia with a normal anion gap riDiBar- 

tola. I992dk 


Table 5-5. Common Causes of Metabolic Acidosis 

Lactk acnJcvyv due to JevriMi>rtJ perfusion 
IVhydration 
ftwr card be output 
Rend failure 
Diiihctk kct< wridiHLK 
H ypoadmn wort if ism 
Addition of acid to the body 

klhylenc plyct >1 uUcincaticm 

Salicylate intoxication 
Ammonium elite rule 


















82 * A t^bcrvpcutK^ 4ppft>ach 


Diabetic ketoacidosis occurs when there is excessive 
prod ui lion of ketone bodies, especially 0-hydroxy butyrate. 
An 9 nor used anion gtp is expected. If the patient is dehy¬ 
drated aid. there is poor renal perfusion* luck of renal, 
excretion of ketones may accentuate 'the acidosis las. well 
m produce lactic acidosis) (Nelson. 1995' 

When ethylene glycol is ingested, it is metabolized by 
die liver to glycolic acid. This often results in severe 
acidemia that is difficult to treat because acid continues 

being produced until all of the ethylene glycol is metabo¬ 
lized {Clay and Murphy, 1977). This acidosis occurs long 
before there is any evidence of renal failure. History.- may 
be informative, and one can test serum for eth>Jene glycol. 
Calcium oxalate crystals may hr seen in the urine before 
renal failure occur: however, it is easy to mistake calcium 
oxalate crystals for hippuraie crystals, Furthermore, there 
are monohydrate and dihydratc forms of calcium oxalate 
crystals, and the clinician must be able to identify either. 
If checked soon aftei toxin ingestion (which is when ther¬ 
apy needs to be started to maximize chances of success). 

one may find a markedly increased anion gap and osmolal 

gap (Crauer et al„ 1984). By the time renal failure occur,. 
these gaps may be gone, as well as any chance of saving 
the animal. 

Salicylate intoxication is common than these other 
causes it typically results m a mixed acubbiuc disorder 
(Rose, i mmn 


Metabolic Alkulusis 

Clinically significant metabolic alkalosis in dogs and cats 
is usually due to vomiting of gastric contents, in app ropriate 
administration of diuretics, or excessive administration of 
bicarbonate or other aJkatinizing agents te.g , lactate). 
There are other causes of alkalemia (e g.* severe hypoka¬ 
lemia. severe hypomagnesemia} that are clinically less im¬ 
portant (Rose, 1984$; DiBartola* 1992c). 

Vomiting of gastric contents causes Loss of H + m well 
as lews of Cl” and water Hypovolemia plus bypochloremia 
prevent the relative excess of bicarbonate from being ex 
cretcd in the urine because the body preferentially restores 
ECF volume. To restore ECF volume, the body must reab¬ 
sorb fluid from the renal tubules. To reabsorb this fluid, il 
must reabsorb sodium. To reabsorb positively charged so¬ 
dium (a cation), it must reabsorb an equ.il amount of 
negatively charged ions in order to maintain electro non 
(rainy, This means that it is necessary to absorb either Cl” 

or HCO. . If there is inadequate Cl present to allow the 
body to ah^wb all the sodium it needs, the body will 
absorb bicarbonate instead, even though the body already 
has an excess of bicarbonate FDiBariola. 1992c). A similar 

pathophysiology occurs when excessive Furosemide admin¬ 
istration results in vigorous diuresis with chloride-rich 

urine. Both of these are considered chloride-responsive 
alkaloses because administration of chloride is crucial to 

resolving the problem Clinically important chloride resis¬ 
tant alkalosis is uncommon in dogs .and cats (DiBsuloia. 
1992c). 


maintaining normal oxygenation) eliminate 1 ' excessive car¬ 
bon dioxide and can produce alkolemia (Rose. I984i). 

Rarely, this alkalosis is the first indication of gram-negative 
septicemia (Autran tie Mo mis, 1992b). The alkalosis itself, 
however, rarely causes detrimental effect* to the- patient and 
the clinician simply needs to identify the underlying cause.. 

Respiratory Achinsk 

Respiratory acidosis is uncommon in dogs or eate, except 
for animals that arc not being properly ventilated while 
under anesthesia. Carbon dioxide diffuses through the pul■ 
memory parenchyma much more easily than oxygen, ami 
hypoventilation is one of the few abnormalities that causes 
this acidosis. Hypoventilation may be caused by airway 
obstruction, respiratory center paralysis, muscular weak¬ 
ness that prevents breaching (e,g„ myasthenia gravis, hypo¬ 
kalemia, botulism), muscular rigidity trial prevents breath 
ing (e,g,., tetanus. seizures), problems with the chest or 
pleural cavity that prevent normal respirations (eg.,, pneu¬ 
mothorax. pleural effusion, flail chest), and chronic ob¬ 
structive pulmonary disease (e.g.. emphysema) (Rose* 
1984j}. 

Blood Gm Analysis 

Blood gas analysis is the best mean', to evaluate acid-base 
status. It requires precise technique and good laboratory 
support. Readers intending to use blood gas analysis exten¬ 
sively should do additional research on the subject to avoid 

technical errors that, easily invalidate results (DiBarfffia et 
a).. 1994; DiBartolu. 1992b). Hand-held, "poiirt-of-cair** 
units have made this analysis feasible for most practices. 
However, many individuals choose to use the scrum total 
CO : measurements (Tcim to estimate acid-bo.se abnormal!- 
ties. When 'plasma or serum is handled in a normal* aerobic 

Fashion, the Too, closely approximates the serum bicarbo¬ 
nate concentration (DiBartoLi et ul. t 1994). 

Although Tco, is less expensive and is more widely 
available than blood $m analysis, relying on die measure 
require? die clinician to make assumptions that may be 

incorrect for a given patient (DiBartola et aL, 1994). One 
must guess if on abnormal bicarbonate concentration is due 
to a metabolic or a respiratory abnormality This guess can 

often be mutle accurately by considering history, physical 

examination, and other laboratory dam. Abnormal bicar¬ 
bonate values are often primary events, representing meta¬ 
bolic acid-base disorders. Even when this assumption is 
correct, however, one still does not know if appropriate 
compensation is occurring or what the blood pH is Ft js 
reasonable to rely on the Too* as long .is (I) the apparent 
acid-base abnormality is consistent with what the clinician 
expects from the patient* based on history, physical exami¬ 
nation. and other laboratory data; (2 l the Toy- is more than 
14 and less than 35; and (3) the patient is not severely 
depressed or experiencing significant cardiac problems, 

FLUIDS 

Calculation 


Respiratory Alkalosis 

Respiratory alkalosis js relatively common: hyperventila¬ 
tion due to any cause (e,g,. excitement, pain, fear, difficulty 


Administration of fluids involves calculating the amount 
that a patient is expected to need. This require* consider¬ 
ation of maintenance needs, deficit, and ongoing losses. 




Fluids ttettelytdv unJ AtothBase Fhcrafiv 
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Maintenance fluid requirements {Le.. the amount of flukl 
necessary to replace insensible losses and obligatory uri¬ 
nary losses) i.n> with the size of the animal rind its diet 

(j-c., e*uma. a diet containing cutcssivc ^ riutes such a 

sodium make die patient require mot e water for mainte 
nance). Ambient temperature and humidity also affect 
maintenance requirements. There is controversy about the 
optima] formula for determining the maintenance needs 
of dogs and cals In general, smaller animals need more 
milligrams per kilogram per day than do larger animals. A 
good rule of thumb is 20' lo JO mUlb per day for animals 
between 20 and UN) IK with smaller animals needing 
the higher amounts I Muir am) DiBartola, 1983, Bell and 
Osborne, 1992). For animals weighing less than 30 lb or 

more than 100 IK one can be more precise by using the 

formula: 97 x body weight*'* (River* and Burger. 1989). 
Water is present in foods, however, and is feneraied as 
foods are metabolized, Thus., any animal that is eating 

adequately may need less fluid than calculated by this for¬ 
mula. 

The combination of variables makes it difficult to know 
exactly how much fluid an animal needs. In general, as 
long as line clinician administers a reasonable amount of 
fluids, and carefully monitors the patient, clinically signifi¬ 
cant problems arc unlikely. It is often better to administer 
slightly more fluid than is believed necessary because it is 

more common to underestimate needs than to overestimate 


them and dogs und cats can usually be relied on to excrete 
excess free water. Patients with severe cardiovascular dis¬ 


ease or failure, oliguria or anuria, severe anemia, revere 
hypoalbumi nemia* or pulmonary edema, however, need 

to lx- monitored very carefully because excessive fluid 


administration can be fatal 


Deficit Fluid Needs 

Fluid deficit must be estimated for most patients when they 

are initially examined. Although there are guidelines for 
estimating deficit (Tabic 5 ft). there arc many pitfalls in 
this approach- Any excited or dyspretc animal that is 

breathing through its mouth may have dry,, tacky oca! 

mucous membranes, whereas nauseated animals may have 

moist membranes despite dehydration Weight loss cause-' 

some degree or skin tenting in many animals, but obese 
aninuils may n«4 have skin tenting even when they are 8^ 
to 10% dehydrated (DiBanola. I992e), 

One may measure the hematocrit and the plasma pro¬ 
teins as an aid to assessing dehydration. Because one rarely 

knows what these values were shortly h^fore the an nn.il 
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became ill. however, they arc often levs informative than 
desired. Many animals with chronic diseases will have 
anemia of chrunic disease: dehydration may cause them to 
have a normal hematocriL Likewise, many animals will be 
hypopKnei remit due ro gastrointestinal, hepatic, or renal 
disease, and dehydration may cause them to have a normal 

rerum protein concentration. Animals that arc hemoconcen' 
1 rated and hyperproteinemic are usually dehydrated 1 here 
are many reasons, however, why a normally hydrated dog 

or cat may be hyperproteinemic despite being normally 

hydrated I e g., heartworro disease, ehrlichiosis chronic der¬ 
matitis, feline infectious peritonitis). In the *ame way, 
weight may be useful it' cm- knows what the* weight was 
immediately before the current problem. Finally, the history 
is often overlooked when assessing dehydration. Any ani ■ 
mal that is not drinking or eating but has ongoing losses, 
especially those in excess of normal (e g. P vomiting, diar 
rhea, polyuria, tachypnea) is or will soon be dehydrated. 

In general, because of the problems associated with 
determination of the degree of dehydration, it is often best 
to slightly overestimate the deficit if one is unsure (unlcvs 
the patient has the problems mentioned under maintenance 
fluid requirements). Defu. it is determined by the formula: 

Body weight (kg) X 

estimated percentage dehydration = liters needed 

Deficit fluids can be administered more quickly than main¬ 
tenance fluids. If the patient, re not in shock, deficit fluids 
can be replaced over 4 to 8 hours. In general, one should 
not exceed 90 mLAg pei hour unless the animal is in 
severe hypovolemic shock. Cats, which have smaller blood 
volumes per body weight than dogs (Le.. 70 mL/kg vs. 90 
mL/kg in the dog), can be overhyd rated with lesser 

amounts than dogs. Once the estimated deficit is replaced, 
the animal should be reassessed, and one may decide if 
additional deficit fluids are needed. One should also care¬ 
fully weigh the patient helore and during fluid administra¬ 
tion to aid in monitoring ongoing losses tDiBartola* I992e). 

Ongoing Losses 

Ongoing losses can be divided into- normal, insensible 
losses (e g., from respiration) and those that arc not normal 
(e g., vomiting, diarrhea, polyuria, fever, tachypnea). 
Whereas insensible respiratory losses involve water but 
not electrolytes (i.o., "’free water"), abnormal kisses often 
involve electrolytes m well as water Therefore, one must 
be aware of uhat kind of fluid loss has occurred when 

choosing a fluid to administer Careful assessment of body 
weight <i.e , with an accurate scale that measures ounces 

or tenths of a pound 1 is one of the best means of monitoring 
for ongoing losses Because tire body is normally fiO 4 ? 
water, rapid changes in body weight usually reflect changes 
in body water content as opposed to muscle mass nr fat. 
One liter represents approximately 1000 ml of water. 


Choice of Fluid 

There are several categories of fluid and additive* available 
{Table 5-7) (DiBortoln, 1992c). Crystalloid solutions te g.. 
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PSS [0.9% saline solution 1, 5% dextrose in water (D5W|, 
Bitiger’s solution) are composed of electrolytes and non* 
electrolytes that, can eventually enter all body compart¬ 
ments . Balanced crystalloids, also called replacement solu¬ 
tions le.g*, lactated Ringer’s solution [LRSJj have a 
composition resembling extracellular fluid Metabolism of 
the lactate in LJR5 provides alkali to the body. Unbalanced 

crystalloids fc PSS. D5W) do not resemble extracellular 

fluids. One type of unbalanced crystalloid solution is the 

maintenance solution (e.g„ Normosol-M and 5% Dextrose), 
which typically has less sodium and more potassium than 
replacement solutions. It is important to note that whenever 
fluids are administered to prov idc maintenance needs, po¬ 
tassium in excess of what is found in replacement fluids is 

needed. Markedly hypertonic cry station! solutions (c.g., l r < 

saline volution) may be used in selected cases, such is 

for certain types of shock. One should avoid crystal Lords 

containing preservatives (e.g., ben/yl alcohol!, especially 
for cats, which nay have adverse effects from these sub¬ 
stances (Ryan. 1982). 

Colloidal solutions ce.g,, plasma, dextrin, heta&tarch) 
contain substances that arc more confined to the blood- 
vascular compartment and thus draw fluids from the cellu¬ 
lar and interstitial compartments into this compartment 
IDiBartoja, I992e), Therefore, although, both colloids and 
isotonic crystalloids can be used lo rapidly expand the 
blood-vascular compartment in animals in shock, colloids 
are generally more effective arid, at lower doves than crys¬ 
talloids (Tobias and Schend, 1992), It generally requires 
two to four times ns much isotonic crystalloid solution 
to expand the ECF compartment as much as dextran or 

hetislarch, Hetastarch is also useful for maintaining plasma 
tori icity in pa 1 1 e n ts with sex e re hypo alb u m i no mi a. Dextra ns 
can, however, cause problems in some patients. Dextran 
70 may cause intravascular sludging of blood, and both 

dextran 40 and dextrin 70 may produce anaphylactic reac 
(ions as well as interfere with blood cross-male hing anti 
coagulation Function. Therefore, some clinic ions consider 
dextrans contraindicated idr patients m risk for acute renal 
failure. Hetastarch may also cause coagulation abnormali 


lies, but they have not yet been determined tc be clinically 
significant 

If a cry stalloid is chosen, the particular fluid to be used 
is determined by what one is trying to replace. Hypertonic 
crystalloid* (e.g., 3% to 1% saline) arc used to rapidly 

expand the blood volume in patients in shock. They act 

much like colloids (i.e., cause cellular and interstitial fluids 
1 o cuter the blood-vascular compartment), hut they also 

have direct cardiac inotropic effects. They do not, however, 
maintain thii volume expansion for ax long a* colloids 

<2 hours for hypertonic crystalloids vs, up to 36 

hours for hetastarch) because the sodium is redistributed no 

the interstitial comportment. Combining hypertonic saline 
with 6% dextran 70 prolongs the beneficial effects. If 
excessive amounts of hypertonic saline are administered, 
hypernatremia may result Hypertonic saline should nor be 
used for patients with hypernatremia, severe dehydration* 
or uncontrolled hemorrhage. 

Administration of D5W essentially results in giving the 
patient free water because the liver rapidly metabolizes the 
glucose, Administration of D5W almost never, however, 
significantly contributes to meeting the patient's caloric 
needs (D5W has 170 kcal/L). ftie one exception is the 
patient that has persisting hypoglycemia (DiBartola, 

I992e). 

Replacement crystalloids (e g., LRS) are often prefera¬ 
ble w hen replenishing hypovolemia in a dehydrated patient 
without major electrolyte abnormalities. Physiologic dine 

solution is often used in this situation, but it is not as good 

as LRS because it has proportionally more chloride than 
is found in the plasma Once the patient is rehydrated, 
maintenance solutions are preferred for long-term fluid 
therapy. If a fluid specifically designed to be used for 
maintenance (e g . Nonnosol-M and 5% Dextrose; Table 
5-8) is not available, alternating a balanced electrolyte 
solution (c.g., LRSj with D5W (both with supplemental 

potassium) in a ratio of one volume of electrolyte solution 

and two volumes of D5W is often acceptable (DiBartola. 
1992e), 

Clinicians often need to tailor a fluid for a specific 

patient. This is usually done by adding potassium chloride, 
50% glucose, potassium phosphate, calcium gluconate, cal¬ 
cium chloride, sodium bicarbonate, or a combination 

thereof- The specific amounts are discussed under specific 

disorders. Warming the fluids (or at least ensuring that they 

arc not cold) before administration helps prevent hypother¬ 
mia. 

Route of A dministration 

Fluids may he administered orally, intravenously, subcuta¬ 
neously, intraosseously, or peift.onc.ally (Hansen, 1992). 
Whenever oral administration is inadequate (i.e„ refusal to 
dnn,k adequate volumes, vomiting, absorption is not quick 
enough for desired effect), -parenteral administration is pre¬ 
ferred Intravenous administration is the quickest way to 
replenish a deficient ECF and :s the standard means for 
acute replacement of severe losses (c.g., due to shock) of 

maintaining ECF volume during anesthetic procedures. 
This route allows constant infusion, which can be advanta¬ 
geous, particularly to ill animals. One must, however, be 






r 


r 


Find*. Electronic*, aril Tfampy 



Table b 8. Electrolyte Co+npft&rtKin erf Com mflrcielly Available RukJi 


Glue me 

l*A| 


Sodium 

IoEqAJ 


CM&rine 

mm 


PoIJSillll 


Calcium 



mm 


Rulfpr 

mm 


Dimijlilitif 

\ 



t> 5 W 

50 

0 

0 

0 

9 

ft 

n 

252 

D 1 OW 

too 

0 

0 

0 


0 

0 

505 

E*SS 

0 

]54 

15 + 

0 


0 

u 

.Utt 

t»SS + D 5 W 

50 

1 54 

154 

0 

(t 

0 

u 

560 

:PSS - DiW 

50 

77 

77 

0 

ft 

II 

11 

406 

jPSS * 02 . SW 

25 

77 

77 

0 

ft 

II 

ft 

m 

King -r'K. 

0 

(47 n 

m 

4 

4 5 

0 

ft 

TUT 

LfeS 

0 

130 

i m 

4 

\ 

u 

2 it 

272 

1 KS imv 

so 

110 

l m 

4 

y 

II 


5 24 

Nflnuflsd R 

0 

1+0 

ftS 

5 

ft 

3 

50 

296 

Nnfinosbl ■ M mi 

50 

■10 

40 

1 J 

ft 

3 

16 

364 


5W- DrMfih* 


lAftnn'Mfi'rw OKM = WY& dritnw in wulrr DW - S*i Jtutnv in vrirr. P2 *W = 2^ JcHmw in wjPct; PS 5 = pli>*iobi|[ic n c . 0M1 y talinr nilyiwn; LRS 

«■ IJLUrihi Rmfur'.i MtkiEhM, , - :PS5- = 0.4* 7* u.liru suhiCuA 

Modified from LlurPr PJ, Lhtt4iurfu SP: Manual nf Small Amm^ Nc^hrLili^ ¥1*4 $ .-MIk St* Vcwfc, ChunihiLI UvtngsJW. IWh 


able to place and maintain the catheter This can be difficult 
because of the pat icin'v size or temperament m prior use 
of veins fur catheters or venipuncture Furthermore, these 

catheters must be maintained so that phlebitis d^s m% 
occur and the catheter remains patent Finally, because of 

the immediate access tu the blood'vascular compartment, 

it is possible u> administer fluids or electrolytes (especially 
potassium or calcium) too quickly and harm the patient. 

Subcutaneous (SO administration is technically easier 
than IV administration and in usually adequate when the 

need for fluids is not severe or acute, Owners cart usually 
be taught to do this at home. From 50 to 200 mL may he 
injected per site. and several sites may be injected at one 
time. If loo much is administered at one site, it rnaj not be 
well absorbed. One should plan on giving the SC injections 
two to four times daily If fluid from the prior injections 
has not been absorbed, however, one needs to determine 
why before more fluids are administered. Severely dehy¬ 
drated animals ma\ absorb SC fluids very slowly because 
of poor peripheral vascular perfusion Furthermore, one 
mu si not administer hypertonic or irritating solutions be¬ 
cause they can draw fluids from the central compartment 
into the SC or cause a large sore, respectiveh (Hansen, 

mi). 

Inirapcritoneal (IP) administration allows one to give 

large volumes of fluids l hat are usually absorbed more 

quickly than would occur with the SC route. This route is 
occasionally used for nconaies in which a vein cannot be 
accessed with a catheter (*rit- should administer a w-amted, 
isotonic fluid, aseptic ally with a 23- to 20-gauge needle. 
One may administer fluids relatively quickly ri.ts, over I 
to 3 minute*) umil the abdomen becomes obviously dis- 

tended, the animal is uncomfortable, or respiratory diffi¬ 
culty due to pressure on the diaphragm occurs Care must 

be taken to avoid introducing bacteria. In general. IP ad¬ 
ministration does not offer clear advantages over IV, 10 
( intraosseous >, Of SC routes, which are preferred. 

Intraosseous adjministration has recently been “rediscov¬ 
ered' in veterinary medicine (Olio and Crowe, 1992). It is 
accomplished by using either a specifically designed nee 
die. a hone marrow aspiration needle, or, in some cases, an 
IS to 20-gauge spinal needle. The needle on inserted into 
the marrow cavity of the humerus, femur, tibia, or ilium. 


Fluids are then administered constantly as for intravenous 
administration. Gravity drop rates of appropriately 10 mi J 
min may be reached. Ahsorpiion is quicker than occurs 
with SC-administered fluids, and it may be easier to obtain 

access to the marrow cavity in very small animals than the 
jugular m cephalic vein (Fisef, 1990; Okra^insti et id., 
1992; Hansen, 1992; Otto and Crowe, 1992). Pain may 
result from infection, administration of void solutions, or 
excessive administration rales. 

Water may be administered racially as an enema because 

(he colon will absorb water infused into its lumen Cur¬ 
rently. this approach t> almost never used to provide fluids 

to patients; IV and IO fluids are required for patients an 
diocT, whereas SC fluids are so easy to administer that 

there is no reason why someone cannot utilize them. Rectal 
administration may conceivably however, be appropriate 
in selected emergencies. 






Close monitoring of body weight is useful to determine the 
efficacy of fluid therapy. One is rarely certain, however, 
what the weight was before the patient became dehydrated 

Any physical evidence of dehydration (e.g., skin tenting. 

dry oral mucous membranes) should resolve if fluid therapy 
is adequate (assuming there is not another reason for them 
such ius weight loss or tachypnea). One should also check 
for moist crackles in die lung field* (indicating early pul¬ 
monary edema) and new cardiac murmurs ox gallop 
rhythms that indicate cardiac overload 

Urine output should be normal f2Q to 45 mL/kg per 

day). Although this is seldom quantified, it should he 
obvious that the patient is producing reasonable volumes 
of urine that .ire not extremely concentrated. Of course, 
this is not reliable for patients with renal failure. Measuring 
central venous pressure k useful but seldom necessary 
except for seriously ill animals that arc rapidly receiving 
large volumes of fluids or for those with significant cardiac 
or renal disease (DiBartoLa, 1992c) if needed, central ve¬ 
nous pressure may he- measured with a manometer made 
for this purpose, or one may use a jugular catheter line 
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Considerations hr Therapy 

Tlierapy for electrolyte disorders primarily consists of sup¬ 
plementing electrolytes or ddreading the plasma concentra¬ 
tions by increasing excretion « diluting or sequestering 
the electrolyse. The major electrolyte disorders that the 
small animal clinician must treat symptomatically are hy¬ 
pokalemia and hyperkalemia. It h rare that one must symp¬ 
tomatically treat hyponatremia. Hypoadrenocorticism is rel¬ 
atively common, hut volume replacement and lowering of 
potassium are usually the major goals for such patients in 
a crisis. Symptomatic hypernatremia is. fortunately, hot- 

mon in dogs and cats. 

Hyponatremia 

Hyponatremia is usually doe to retention of free water. 

although loss of sodium is occasionally responsible (e g.. 
diarrheah Unless tin.'- hyponatremia is. severe enough to 

cause clinical signs that must be addressed, one should first 
identify and correct the cause. IF the hyponairemia is caus¬ 
ing significant clinical signs and must he corrected first, 

administration of sodium containing fluids at maintenance 
rates is usually adequate. Do not correct severe hypona¬ 
tremia too quickly as there is a risk of myth nolysis. Clini¬ 
cal signs may occur 3 to 4 days after aggressive correction 
of hyponatremia and may include weakness, ataxia, quadri- 
parcsis. and/or hypermetria tO'Bnen, 1994). Balanced 
crystalloids such as LRS are often preferable to PSS for 
this purpose This is because plasma normally has approxi¬ 
mately 145 mEq Na/L and 110 mEq CL/L. Physiologic 
saline solution has 154 mEq of each per liter, while I KS 
has 130 mEq Na/L and 109 mRq Cl/L. Normosol-R is 

similar to LRS, Therefore, administration of PSS odds too 
much chloride relative to Uk amount of sodium, although 
this is seldom clinically significant. It is rare that hypertonic 
saline solutions are needed to replace sodium in small 
animals (Rossi and SefiricT, 1987; DiBartola. 1992a). 

Hypernatremia 

Spontaneous hypernatremia is almost always due to loss of 
free water although very rare patients will have ingested 
too much sodium. Administration of free water by giving 
D5W js the treatment of choice. Lowering the plasma 
sodium concentration too fast may, however, be more detri¬ 
mental to the patient dim the hypernatremia. If the hyper¬ 
natremia lias existed for more than a few hours, it h usually 
best (t use a mixture of PSS plus 5St dextrose in water \ 
mixture of equal portions provides an isotonic solution of 
2.5% dextrose plus 0,45% saline Such a solution decreases 
the tonicity of the plasma more slowly and lessens the 
Chance for cerebral edema. 11' necessary, one may tailor 
other such fluids by combining other ratios of PSS and 

D5W (DiBartola. 1992a: Rose, 198410, 



Hypochlorerma is principally found in patients with exces¬ 
sive losses due to gastric vomiting or diuretic administra¬ 


tion. Administration of PSS with or without potassium 
chloride is usually adequate to replace the chloride and 
resolve the problem. 



When hyperchloremia is due 1o loss of free water, adminis¬ 
tration of free water via D5W, as discussed for hyperna¬ 
tremia, is adequate for resolution. One must ensure that, if 
the patient has a corrected hyperchloremia due to hypo¬ 
adrenocorticism. the patient is treated with FSS and ste¬ 
roids -and not with D5W, which may make the hypona¬ 
tremia. and the patient, worse. 

Hypokalemia 

Supplemental administration of potassium has become rou¬ 
tine in small animal medicine because hypokalemia is a 

common abnormality. Almost every anorexic animal on 
maintenance fluids should receive greater than replacement 
amounts of potassium because there are obligatory losses 
of potassium into the urine,- Animals with polyuria or other 
avenues of potassium loss may have even greater needs 
Only those pets that have or are prone to hyperkalemia 
should not receive potassium supplementation. One cannot 
confidently predict exactly how much potassium a particu¬ 
lar patient will need, hence, the pattern's plasma potassium 
concentration should be periodically monitored when re¬ 
ceiving supplemental potassium, 

[f the patient can accept oral fluids and is not vomiting, 
oral administration of potassium gluconate elixir 1 is proba¬ 
bly the quickest and most efficient means of replenishing 
plasma potassium (Fournier et al.. I9K7). This is especially 
true for cats in which IV fluid administration usually aug¬ 
ments urinary losses and initially worsens the hypokalemia, 
even u idi fluids containing 30 or 40 mEq KfL The amount 
of oral potassium to administer is not well defined. Se 
vereI y hypokalemic cats often tolerate 2 to 6 mEq K given 
twice daily (Dow et at., 1987a and b, 1989). Severely 
hypokalemic dogs may he given 2 to 40 mEq K/day. 
depending on their size. If oral potassium i.s being adminis¬ 
tered to maintain [as opposed to replenish) the patient, 
lesser amount often suffice if the patient does not have 
abnormal losses. Oral potassium chloride sail must be 
administered carefully (i.e,. "Tight" salt); it is easy to 
administer loo much and cause hyperkalemia 

Intravenous supplementation of potassium is common 
but demands consideration and monitoring. Administration 
is usually kept to less than 0,5 mEq/kg per hour, although 
patients can sometimes receive greater rates without prob¬ 
lem. If it seems necessary to administer 0.5 mEq KAg per 
hour or more, constant electrocardiographic monitoring for 

canliotoxic effects (i.e,. bradycardia, heart block, dimin¬ 
ished R-wave amplitudej is recommended. Tables (e.g. 
Table 5-9) are probably the most common means of de¬ 
termining how much potassium to add to fluids for IV 

administration. Alternatively, one can calculate and admin¬ 
ister 0,1 to 0.2 mEq KAg per hour in mild to moderately 
hypokalemic pattern* and 0,2 to 0.4 mEq K/kg per hour m 
severely hypokalemic patients (Willard, 1989), but this 
approach is cumbersome and has- no real advantage. Ft- 
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else available to treat the parent Administration of ttex 
tiwe and insulin decreases blood potassium concentrations 
but can also decrease serom phosphorous concentrations, 
which rarely causes problems {< t\. hemolytic anemia I fWil¬ 
lard ct al., I9H7). Calcium gluconate, although often dis¬ 
cussed, is almost never needed. It does nor lower the 
potassium level but transient!) protects «1 k heart until other 
measures (U.. fluid adminmration. sodium bicarbonate. 

glucose plus insulin) decrease the plasma potassium con- 
eeniralion (DiBartola m4 Autnui dc Morals, 1992). 


nally, some clinicians roufind) start by adding 20 mEq ¥J 
L and monitoring the animal's plasma potassium every 
4| hours. 

Potassium may also be added to fluids intended for SC 
administration. In general, one should not me solutions 

with more than 35 mEq K/L for SC administration fDiBar- 
tola and Autran de Morals, 1992), 

If the clinician experiences diffn ulty correcting hypoka¬ 
lemia despite seemingly adequate potassium supplements 
tiun, the serum magnesium concentration should be 
checked. 


Hyperkalemia 

Therapy for hyperkalemia depends t«i the severity of clini - 

cal signs ami the magnitude of the hyperkalemia. Always 
consider the cause of hyperkalemia because it often reflects 
renal or adrenal disease. If the patient has mild hyperka¬ 
lemia le g., 5.5 to f> 5 mGq/l ) that is not a major risk 
to the patient, one may firs; determine the cause le.g., 
hypoadrenocorticism, renal failure, iatrogenic i. Administra¬ 
tion of potassium-free fluids dilutes the plasma potassium 
and often increases renal potassium excretion if the kidneys 
are functional. Because most hypcrkulcinic patients are 
somewhat dehydrated, this fluid therapy is useful for most 
hyperkalemie patients It:' the patient is also hyponatremic 
(i.e., hypoadreniKWlicism), PSS is excellent because it 
adds sodium. A!though LRS is often acceptable because it 
has less potassium tu©., 4 mEq K/l i than the plasma of 
the animal with hyperkalemia land consequently dilutes 
the potassium in the blood), ii is generally best to use 
potassium-free solutions, which dilute the plasma potas¬ 
sium faster. 

If the patient has severe hyperkalemia i i c , >8,0 mEq/ 
L| causing candiotoxicity, more aggressive symptomatic 
treatment (Table 5-JO) may be necessary to prevent cardiac 
standstill (Willard, I9H9f Rapid administration of polos- 

mu m-free fluids is Mill important and Is usually the first 

therapeutic step, Sodium bicarbonate should only be given 
if one knows the acid-base status of the patient or if the 
patient is dying from hyperkalemia and there is nothing 

Iutile S-Tfli Symptomatic Therapy ter Hyperkalemia 

PtHittrom-lFK fluids Stipmlof ic saline vluuon « 5% -U-\ i we 

Calcium gluciitalc U5-1 U mL IK cakiuni gJucuruCcAg intnis 
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Ikilimc 4iid uisuJiil 0.5 Li reguUf niMilin/kj! * 2 f do,{rose per unit 
insulin 
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Therapy for hypophosphatemia depends somewhat on 
whether one is trying to prevent problems due lo hypophos¬ 
phatemia or treat existing problems |e.g,» hemolytic ane¬ 
mia!, If the patient has a dangerously low serum phospho¬ 
rous concentration (e.g., 1.0 to 1,5 mg/dL) but does not 
have clinical signs, a simple rule of thumb is to provide 
half of the maintenance potassium being given rn the IV 
fluids 4 assuming maintenance rate\ arc being used) as po¬ 
tassium chloride and halt as potassium phosphate (Willard 
el al., I9&7J. The patient's serum phosphorous eoneentra- 
Iiihi is then monitored two to three times per day until it is 
<m of the danger zone (c.g.* serum phosphorous >2.0 mg/ 
dL), at which time the phosphorous supplementation is 

stopped. If the animat is experiencing hemolytic anemia, 

then 0.01 to 0.03 mmol phosphate/kg per hour is a reason¬ 
able starling point (Justin awl Huhenhaus, 1995: Adams et 
al.. 1993; Willard ct aJ.» 1987). The patient must hi 1 moni¬ 
tored three to lour times daily; however, to ensure that the 

scrum pbospbnrous concentration is increasing and that the 

serum calcium concentration is rtot decreasing Severe* 
symptomatic hypocalcemia might result from excessive 
phosphorous administration. Greater rates of phosphorous 
administration (e.g., Q.Oti mmol/ltg per huurj arc rarely 
needed to treat hypophosphatemia (Justin and Hohenhaus, 

1995), 


Hypomagnesemia 

If hypomagnesemia Deeds to be treated or prevented* mag¬ 
nesium mi! fate or magnesium chloride tmy be administered 
as a 209f (or lower) solution in D5W. A typical dose is 

0.75 to I mfcq/kg/diiy given IV by constant rate infusion, 
although 0.15 to 0.30 mEq/kg may be given over 10 to 1* 

minutes for life-threatening cardiac arrhythmias iDhupa 

19951. 


ACID-BASE STATUS 



It general, one should always attempt to determine the 

underlying cause ol ihc acid-base abnormality and correct 
it. If the acidemia or alkalcniia is so severe that it puts the 
patient at significant risk, however, symptomatic therapy 

is needed. 
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Mttalmlie Addotth 


A blood pH below 7.20 puts a patient at severe ri k for 
decreased cardiac output For such patients, administration 
of sodium bicarbonate may be considered. The. goal of 
such therapy is to raise the pH to approximate!)' 7.20 or 
slightly greater, not to correct the pH hack inte the normal 


range, If one administers too much alkali initially, one may 
find that the patient will become alkakmic as the cause of 
the acidemia te g., diabetic kefoacidoris. lactic acidtes) is 
corrected {DiBurtota, I992d). 


Metabolic Alkalosis 

AlkaJenfia is usually important because of the electrolyte 
abnormalities if causes rather than direct effects of the high 
pH on the myocardium. Most dogs and cats with clinically 

important metabolic alkalosis have a chloride-responsive 

condition (i.e„ vomiting gastric contents, excessive furnsc- 

mide administration in anorexic animals), Correction of 
volume depletion and supplementation with chloride (c,g r . 
PSS, often plus potassium chloride) is usually adequate to 

relieve the problem (DiBartula, ] 992c), 

Respiratory Acidosis and Alkalosis 

Respiratory acidosis and alkalosis need therapy directed 
at the cause of the problem and seldom if ever need 
symptomatic therapy. 



Abnormalities 


The main drugs used lo alter blood and body pH are 

sodium bicarbuciate and fluids. In particular. I Rs has often 
ten used to treat acidosis. Under normal circumstances, 
hepatic metabolism of lactate causes consumption m4 
elimination of protons i he., IF), thus raising the pH (DU 
Banolft, 1993d), If the lactate is not metabolized (e,g, the 

patient already has lactic acidosis), ihi^ docs not occur, and 
the lactate in the LRS would neither contribute to acidemia 
not alleviate the problem. Even when the lactate is not 
metabolized, however, expanding the ECF may improve 
peripheral perfusion, which could correct the underlying 
problem. Other fluids could however, be equally effective 
in accomplishing this. 

Sodium bicarbonate (NaHCOj) is the principle drug 
used to correct acidemia, li works quickly by adding alkali 
to the system, which titrates II", The two important consid¬ 
erations are when to .give it ami how much to give Sodium 
bicarbonate is not always bene tidal to oridcmic patients. 

[t is controversial for patients with lactic acidosis in whom 

addition of NaHCO- sometimes further lowers the pH 
(Narins and Cohen, 1987; Stacpoole, 1986). When 
NaHCOj is added to the blood a small percentage of it is 

convened to CO, almost immediately. If this CO : cannot 
be exhaled, it will contribute to the acidemia. Therefore, in 

palienlv with lactic acidosis, only small amounts of 

NaHCO, should be administered and only when there ns 
dire need, Experimentally, a combination of equimolar 
amounts of Na^CO* and NaHCO, seems safer and more 


effective than NaHCO, alone for patients with lactic acido¬ 
sis (Benin and Arieff, 1988), Likewise, the clinician must 
remember that when NaHCO, is given to patients with 
diabetic ketoacidosis, they may be alkalotic after the ketone 
bodies are metabolized. Fortunately, most patients can tel 
with alkalosis belter than with acidosis. 

There are various formulas to help decide how much 

bicarbonate (HOT,) to administer iDtBarfola. I992d), The 

following is suggested for most situations (but not for 
ethylene glycol intoxication, which causes an intense, pro¬ 
gressive acidosis that requires more aggressive therapy) 
when one wishes to administer NaHCO, in dogs and cats: 

roEq to administer = body weight in kg x 0 3 

X calculated HO’F deficit 


The body weight is multiplied by 0.3 to approximate the 
ECF volume (0 >7 would be more accurate, but 0,3 is a 
useful approximation), which is where the HCO, will firs* 
be distributed There will eventually he diffusion of HCO, 
into the cells, and additional HCGi may have to be admin¬ 
istered to re-attain the desired effect in the ECF. For that 


reason, some clinicians prefer to use 0.5 instead of 0,3, 
The calculated HCO, deficit is not the some as "base 
deficit** (a calculation provided by a blood gas analysis). 
To calculate die HCO deficit, one must first decide whit 
plasma concentration of HCO, u desired. It is usually 
appropriate to aim foe a plasma concentration of approxi¬ 
mately 14 £i' 15 mEq^L if the HCO concentration is less 

than that initially. The pattern's HCO- concentration is then 
subtracted from the desired HCO* concentration te.g., 14. 
mEq/LL The resulting number is the calculated HCO* 

deficit for this patient jit this time- Once the total amount 

of HCO to be administered is calculated, it is administered 
IV, usually over i to 4 hours. After several hours, tins 
HCO: Will distribute to the ICF as well as to the ECF 

compartments, and the patient should be re-evalnated to 

determine if more HCOi is needed. 


Severe complications due to NaHCO-, therapy are rare. 

Hypernatremia, ECF volume overload, hypokalemia, hypo¬ 
phosphatemia, paradoxical cerebrospinal fluid acidosis, and 
decreased ionized plasma calcium concentrations are, how¬ 
ever possible {HansficJd, 19811, The more aggressive the 
NaHCO, therapy, (he more likely the side effects appear 
to be. 


Ethylene glycol intoxication often necessitates move ag¬ 
gressive NaHCO, therapy. Large amounts of acid are pro¬ 
duced m ethylene glycol k metabolized to glycolic acid 
{DiBartolo, 1992d); therefore, it may be difficult to give 
enough NaHCO., to maintain a safe pH, depending or how 
much ethylene glycol was ingested A factor of 0,5 is used 

instead of 0.3 when the amount of NaHCO, to administer 
is calculated, the NaHCOj is given over 1 to 2 hours, and 
i hr blood pH is rceheckod shortly after the treat meet \> 

finished and again I io 3 hours later. 




There arc several means, of classifying shock. In this div 
cushion, shock is divided into hypovolemic, cardiogenic. 
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obstructivc, and distributive. Most dug> and cal* in shock 
have hypovolemic shook due to decreased venous return to 
the heart with subsequent decreased cardiac output and 
deficient peripheral perfusion and oxygenation. Typical 
causes include hemorrhage and severe dehydration. Cardio¬ 
genic shock is caused l>> myocardial failure with or without 
arrhythmia* that decrease cardiac output Obstructive shi k k 
is best exempli tied by pastrie dilation and volvulus, which 
obstructs the vena civa and hepatic portal veins, thus 
preventing venous return. Septic shock is a type of distribu 
live shock in which there is n hyperdynamic cardiac output 
plus low systemic vascular resistance. It is considered dis¬ 
tributive because there is often not a deficit of total body 

water; rut her, the fluid* are maldistri huted, causing • node- 
quale perfusion. Recently, mli'itiK inflammatory response 
\yftiimme has been suggested as a better term than septic 
sit** k because evidence of sepsis may be missing in pa¬ 
tients that appear to have ervdotoxic shock due to occult 
sepsis. Other examples of distributive shock Include ana* 
phylnxis, pancreatitis, heat stroke, and neurogenic shock 
To appropriately treat a patient in shock, one must know 
what type is present (Tobias and V be rid. 1992; SchcrtcJ 

tmd Muir. 1992). 

Hj pm ulemic Shock 

The immediate need is in re-establish effective circulating 
blood volume. The optimal therapy would be to administer 

fresh, whole blood, Alternatively, plasma would also be an 
cited km choice, These are, however, seldom available 
or cost effective, Balanced crystalloids H g,, LRS) are 
commonly chosen hecairv* they are available and their high 
sodium concentration keeps the fluid* in the ECF, where 

they arc needed. Initial administration us at 40 inL/Ib per 

hour for the first hour, The patient ns then re-evaluated and 
further fluids are given as needed iSchcrtd and Muir* 

iw2y 

Other options arc colloids or hypertonic crystalloids. 
Hypertonic <7%) salmc may be given in small amounts 
(i.c., 4 to 5 inL/kg over 5 to 10 minutes) and repealed in 
increments of 2 mUkg ,i* needed, up to a total dose of 10 
ml A j. This solution draws 1CF into the plasma spai * and 
quickly re-establishes effective blood volume. It should 
then K* followed up with a reduced rate of isotonic crys- 
lallokri (c.g.* 5 to 10 mlAb) Hypertonic sal live should he 

used cautiously or even he avoided for patients that are 
already hypcmatremic or that have cardiogenic shock. Col¬ 
loid* are sometimes used with hypertonic saline li.e. h dex- 
irun 70) or instead of hypertonic saline (i.e.* 6* <■ hetastarch) 
because colloids usually Imvc .l Longer duration of action 

in the vascular space than hypertonic saline. Hetastarch is 
given at a dose of 5 to 20 ml/kg in dogs and! > ml/kg m 

cars over 5 to 10 minutes, although one may give up to 40 
ml /kg per day. To avoid hypervolemia, the rate of infusion 
of isotonic crystalloids should be decreased by 40 to 60% 
after colloid* are used (Tobias and Sehertel, 1992; Scherld 
and Tobias* 1992: Okrasinski et al., 1992; Rudlcff and 
Kirby, 1999 k 

Steroids have been recommended for these patients, but 
their use is controversial. It seems unlikely that reasonable 
doses are harmful, but it: is not clear that they benefit the 
patient Anti holies are not clear)) beneficial but appear 


reasonable for pal icon wilh severe hypovolemic shock 

because: the resulting poor perfusion may allow bacterial 
translocation across the intestine into the systemic circula¬ 
tion It is uncommon that vasopressors are needed for 
hypovolemic shock In particular, one should avoid a- 
agonisls that increase blood pressure by causing vasocon- 
si fiction. Such drugs may increase blood pressure but 

lessen peripheral perfusion (Tobias and Sehertel, 1992). 

Obstructive Shock 

Gastric dibtinn/volvulus is the most commonly seen exam¬ 
ple of obstructive shock, It is treated the same a* hypovo¬ 
lemic shock with cither isotunic or hypertonic crystalloids 
(Allen t-i al., 1991). It is imperative, however, that once 
fluid therapy has been initiated, steps be taken lu relieve 
the gastric distention that is causing the obstruction (Tobias 

and Sehertel, 1992), Because reperfusion appears to be an 
important mechanism of injury, oxygen radical scavengers 
may eventually become important in the early treatment 
of this disorder. Glucocorticoids are of dubious use for 
obstructive shock but may he used. One should, however, 

generally avoid using both steroids and nonsteroidal anti¬ 
inflammatory drugs (e.g., fhinixinl. 

Cardiogenic Shock 

Patients with cardiogenic shock are best treated by nranag 
mg the cardiac disease, often with ani:arrhythmic or kmo- 

trophic drugs or a combination thereof One should ensure 
that fluid therapy docs not overload the heart and ;kcmn- 
pen^iite the patient; maimeruuKe rates or less are commonly 
used. For these patients* it often becomes important to give 

decreased amounts of sodium io order to avoid overloading 
the ECF compartment (e g., 0.45% NaCI plus D2.5W) 
(Ware,, 1992). Central venous pressure measurement can 

be particularly useful in monitoring these patients. 


Distributive Shock 


Distributive shock is principally seen in animals with septic 
sh*A, flow belter described as sysurmie inflammatory re* 

iponst syndrome (SIRS). In SIRS, release of various in¬ 
flammatory' mediators causes abnormal blood flow iemula¬ 
tion with subsequent tissue hypoxia* even when there is 

normal to increased cardiac output (hence the term hyper ¬ 
dynamic shock). If disseminated intravascular coagulation 
occurs there may he worsening of hypoxia to affected 
tissues Increased vascular permeability may cause plasma 
volume to leak nin> interstitial tissues, further reducing 

tissue perfusion (Haskins* 1992: Jafan and McCracken* 
1992* Weeren and Muir* 1992; Bone* 1992 h 

It can he difficult to effectively treat a patient with 

SIRS. Blood volume should be maintained ax for hypovo¬ 
lemic shock. Either isotonic or hypertonic crystalloids may 


he used. One must also seek to eliminate the cause of the 
inflammation* which usually means aggressive antibiotic 
therapy. Additionally, itlenipy lo decrease the inflammatory 

response and the generation of the inflammatory mediators 
responsible tor the symptomatology is appropriate, I mu 
itivdy, steroids would seem useful, but they have not been 

shown to dearly benefit these patients, and massive dos- 
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age* might be detrimental (Lefering and Neugebauer, 
1995 1 . Nonsicroida] anti-inflammatory drugs (eg,. Hunt tin 
meglumine) may be helpful, especially when administered 
' eiy early (e,g„ 2 hours) in the course of disease associated 
with Esvherichkt toli endotoxin (Sfegdmeicr ct al., i9$H: 
Haidie et a!.. 1987); however further clinical trials are 

needed to eon firm or deny their clinical usefulness. 

Hypoglycemia is relatively common and IV glucose 

supplemenialion may be needed. Administering gluoose- 
c obtaining thuds (e,g Pf D5W or B2.5W) at mai nlertance 
rates (approximaidy 66 mLAg per day) is usually more 
than adequate to maintain blood glucose concentrations of 
more than 100 mg/dL. It is advantageous if patients can 
receive nutrition during this tone because they ore generally 
hyper metabolic. Furthermore, enteral nutrition helps to 
maintain the integrity of the intestinal mucosa, preventing 

bacterial translocation from the interlines to the systemic 
circulation (Haskins, 1992; Jafari and McCracken, 1992; 
Weenen and Muir, 1992; Bone, 1992 K 


Bern! Disease 

Fluid therapy for palients with renal failure should first 
correct agnificarit fluid, electrolyte, and acid-ha.sc abnor¬ 
malities and then produce a diuresis to eliminate normally 
excreted substances that have been retained. One must 
distinguish between poly uric versus oliguric or mimic renal 
failure and between chronic versus acute renal failure. 
Sc v e rely h y poproie i nem ie palie ms w ith ne phroti c s y n 
drome present special challenges. Oliguria means 'that a 
patient cannot produce more than 1 to 2 mL urine/kg per 
hour, although some clinicians use lesser amounts te.g.. 
<0.25 mg/kg per hour) as the cut-off (Gtaucr and Un*‘ 

199s j. Anuria is a more severe situation m which there is 

negligible urine production, Polyuria refers lo greater ihan 

normal amounts of urine being produced. Most patients 
mi:h chronic renal failure have polyuria until they are 
prctcnninal* when they may become oliguric. Patients with 
acute renal failure may be poly uric or oliguric/antiric. Ne¬ 
phrotic syndrome refers to patients with prrtrin-losing ne¬ 
phropathies that are hypoalbuminemic and usually have 
ascites hypercholesterolemia. or both (Pol/in et al J9H9) 

Poly uric Etna I Failure 

The first goal of fluid therapy for patterns with poly uric 
renal failure is to correct dehydration (which is commonly 

present with decompensated renal failure I and severe dec- 

t roly re or acid-ha.se abnormalities If live patient is seriously 
ilf IV fluids are usually preferred to avoid delayed uptake 
from SC depots «r v<nniting of orally administered fluids 
For decompensated patients, the next step as usually to 
increase urine production to a greater than normal rate by 
IV fluid administration, in this way, dehydration is pre¬ 
vented despite increased urine losses, and the inadequate 
renal function is compensated for by the larger than normal 
volumes of urine being produced. 

For induction of a fluid-overload diuresis, as much fluid 

as possible should be administered without oveihydrating 
the patient. The amount of fluid administered each day is 
slowly increased as the kidneys adapt lo the increased 


demand placed on them. Ai a general rule of thumb, 
therapy is begun by replacing deficits and weighing the 

patient Then fluids are administered *t 1.5 to 2 limes the 
calculated maintenance rate (or more, if necessary to keep 

up with renal losses), tf the patient does not inappropriately 
gain weight and does not have signs of cardiovascular 
overload (ie. gallop rhythm* murmur, pulmonary crack¬ 
les), one can slowly increase the amount of fluids adminis¬ 
tered each day. usually by 15% to 30% Although loop 
diuretics re.g„ furowmidej are sometimes also required, 
overload with balanced crystalloids usually produce* an 

adequate diuresis. When one wishes to stop such a volume- 


overload diuresis, the rate of IV fluid: administered is 
slowly decreased (c,g. t 10% to 25%) each day, and the 
body weigJp is closely monitored to prevent the patient 
from becoming excessively dehydrated (Chew* 1992) Al¬ 
though recording central venous pressure and toe amount 
of urine produced per 24 hours are useful this is seldom 
required for patients with poly uric renal failure. Some 
patients also, however* require an osmotic diuretic adminis¬ 
tered via a central culheler (use of a peripheral catheter 
mil} produce phlebitis) to produce *y; adequate diuresis 

(see following discussion). 




Oliguric and an uric renal failure art- mure difficult to man¬ 
age than polyuric renal failure. They occur in severe acute 
renal failure and in terminal chronic renal failure (Orauer 
and Lane, 1995). In the latter situation, there is usually 
little that can he offered to help toe patient In the former 
situation, ii is important to try to quickly convert the 
oliguria to polyuria by replacement ol the fluid deficit and 

then administration of furosemide, osmotic diuretics, and 

dopamine. Osmotic diuresis may be: attempted by adminis¬ 
tration of 2 mL of 20% dextrose/min IV for 10 to 15 
minutes and then decreased to 1 mL/min A total dose of 
25 to 50 mL/kg is anticrpaied. One should be able to 
detect glucose in newly formed urine When the dextrose 

administration is finished, a balanced electrolyte solution 
equal to 3% to 5% of toe patient s weight is administered. 

This cycle is repeated two to three times per day as needed 
until the azotemia is decreased to clinically acceptable 
levels. The body weight should be monitored closely to 
avoid excessive overhydration. Plasma electrolytes should 

also be monitored. 

If urine is not produced or if new urine does not have 

glucose m it, one should stop the infusion before overhy¬ 
dration* pulmonary edema, and hyperton icily occur (i.e., 
before half of the total calculated volume is administered) 

Osmotic diuresis may also he attempted by administration 
of 0.5 to 1.0 g manniEol/kg IV over 15 to 30 minutes 
with a 10%' to 20% solution, but 15% to 20% glucose is 
recommended because it can he metabolized it it cannot 

he excreted (Grower and Lane* 1995), 

These patients are si mu Itaneously predisposed to hyper- 
kalemia and severe acidosis, which should he anticipated.. 

Seram magnesium abnormalities are also common. If the 

patient remit ms oliguric or anuric, one should administer 
fluid*, at maintenance rates ;md carefully watch lot overhy- 
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drat ion One must also monitor body weight and look for 
signs of cardiovascular overload. 

Becnuse these animals are typrettily difficuli to manage. 

if is often useful to monitor central venous pressure (Allen. 
Wl), If it is 12 to M cm H O or higher or Lt the pressure 
increases suddenly, one should decrease or slop the lluid 
ad ministration. Furoscmidc admi mstral ion is reasonable. 
Another technique \< to measure urine output and adminis¬ 
ter fluids accordingly, using a technique sometimes called 

'"ins and. outs - ' (Chew, 1992). One first rehydrates the 

pattern. One next divides the day into four to eight equal 
intervals Daily insensible losses (approximately 10 mL/Ib 
per day) are divided hv the number of intervals and that 

amount is ad in i fostered over each interval, In addition, ore 
measures (Jie amount of urine produced over an interval 

and then administers that mu.h fluid b»ck mtu ibe animal 
during the next interval. Unless care is taken, u L easy to 
overhydrate oliguric patients. If 1 i fe - threatening overhydra- 
tion occurs, one may acutely remove blood via a jugular 
vein to circumvent cardiac failure. 

The healing phase of acute tciii.i1 failure may be accom¬ 
panied by an interne diuresis that can requ-re admin istra- 
tion of several limes the calculated daily maintenance vol¬ 
ume.. Therefore, if an oliguric or anuric pattern becomes 

polyurte. one must guard against dehydration. The rate of 

lluid administration must be slowly decreased when the 
patient is being weaned off IV fluids (Goner and Lane. 

1995 ). 


Urethral Obstruction 

When urethral obstruction is first detected, the goals are io 
relieve the obstruction arid to quickly correct fluid, eleclro- 

lyte, and xvifoteiise abnormalities. Severely ill patients usu¬ 
al l > arc dying of hyperkalemia, which may have to he 

corrected before anything else is done. Administration of 
potassium-free fluids (e g , PSS, 5^ dextrose in water) will 
usually dilute the potassium and re-eslablixh renal perfu¬ 
sion o i hoi no other spcvilic therapy for hyperkalemia or 
acidosis is needed < Stone and Barsanti, 1992), These pa¬ 
tients often develop severe pohuria; this is probably the 

rtuw4 common cause of diuresis occurring as Ihe kidney a 
heal after tin episode of acute renal failure in small animal 
practice. The severity of this polyuria will depend on how 
badly the kidneys were damaged during urethral obstruc¬ 
tion It is common for severely affected paiicnis to have 

daily fluid needs exceed their calculated maintenance val¬ 
ues during this healing period (Stone and Barsanti, 1492), 

Nephrotic Syndrome! 

Nephrotic syndrome has been defined several ways: the 
definition used here is a protein-losing nephropathy suite 
cient to cause hypoalbuminemia. When choosing fluid ther¬ 
apy. one must consider both the need for diuresis and the 

effects of further dilution of serum albumin concentration* 

by aggressive administration «if crystalloids and effects on 

blood pressure (Polzin cl ul.» 19K9). The patient may al¬ 
ready have edema, ascites, or pleural effusion due to ihe 

hypoalbuminemia. Further dilution of plasma albumin con 
centmtions by iV fluids may worsen these problems. If the 
third space fluids (i.e perHoneal or pleural effusionsi must 


be removed, is is best to judiciously administer furosemide 
m small doses i l mg/lb once or twice daily), The diuretic 
causes fluid loss from the vascular compartment that is 

gradually replaced by fluid from die third space. If loo 
much fluid is removed from the vascular comportment loo 
quickly, renal hypoxia and damage may result (Polzin et 
al„ I9K9). The fluid should not he withdrawn with a trocar 
or needle unless the patient is severely compromised from 

pleural effusion. Such withdrawal* especially if repealed, 
will further lower the body albumin concentration and 
make reaccumulatko of fluid more likely. 

If the patient s cardiovascular stains is rapidly deteriorat¬ 
ing due to severe hypoatforniinemia or if one must perform 
a procedure (especially one requiring anesthesia) in a pa¬ 
tient with marginal cardiovascular status, one may adminis- 
"ter plasma, albumin, or colloid (e.g., heiaslarch). 'Ok abil¬ 
ity of albumin to maintain blood-vascular compartment 
expansion is, however, usually gone within 24 to 72 holirx* 
whereas the effects of heia-siareh administration are greater 

and often la&t 24 io 36 hours. Therefore, plasma and 


albumin administration should he reserved for patterns Thai 

must undergo anesthesia or some other procedure- .and need 
the effects of foe colloid immediately. Eiven then, use of 
hclaslarvb should be considered in place of plasma or 

albumin (DiBanola. 1992c). 



Heat stroke occurs when a pattern is exposed to excessive 
heat and has free water loss resulting in severe hypema- 
ireinic dehydration. The severe heal can affect Ihe central 
nervous system, livery kidneys, and other organs. The dehy¬ 
dration contributes substantially u> renal failure, gasiroin- 

testinal hypoxia, anti disseminated intravascular coagula 

tion It is imperative to cool the patient off quickly via 
cold water sprays, enemas, IV fluids, or a combination 
thereof (Haskins*. 1995). Then, aggressive fluid therapy 
initially with shock doses of approximately 40 mltelb per 
hour are suggested to restore effective circulating volume 
(Rushlander, 1992) It is often wise to start with an isotonic, 
ted I-strength PSS plus 2 ,VT dextrose and later switch to 
PSS of LRS. 



Most animals with cardiac failure do not need parenteral 
fluid therapy. Animals (hat are eating and drinking can 
usually be managed by offering distilled water and using 
diuretics as needed. However, if the patient b severely 
dehydrated, is anorexic, or has concurrent renal failure or 
other organ failure, fluid therapy may be needed, Treatment 
of such animals in severe cardiac failure is similar to ihe 
treatment of those with oliguric renal failure; one must be 
careful mrt to overhydrate the palient. Measurement of 
central venous pressure is useful; however, pulmonary 
wedge pressure (obtained by use of a Swan-Gan* catheter) 
offers information not available from the central venous 
pressure and is desirable for critically ill patient'*. Excessive 

sodium administration can be avoided by use of dextrose 
solutions or dexLrosc plus half-strcngih PSS, Admtnisira•• 
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cion of excessive sodium can cause fluid overload because 


these patients are often unable lo adequately excrete so¬ 


dium Likewise, sodium bicarbonate should be avoided 
because of the sodium load associated with its administra¬ 
tion (Bonagura Mid Lehmkuhl, 1992). 

Electrolyte abnormalities in patients with cardiac disease 
must he treated carefully Oral potassium supplementation 
is best for hypokalemic animals if there is no vomiting. 
Hypokalemic patients have more tonicity from digitalis 

and generally have more problems with supraventricular 

arrhythmias (Di Bartel a and An trail de Morais. 1992). 
Marked hyponatremia h usually an indication that the 
cardiac disease needs to be better managed. Sodium admin¬ 
istration is only appropriate for patients with sc^ ere, symp 
lomatic hyponatremia. Even then, only enough sodium to 

alleviate or prevent central nervous system signs should be 
administered. 

Patients with simultaneous cardiac and renal failure are 
among the most difficult to manage. One must identify the 
cause of the renal and! the cardiac disease anti treat each. 


If the underlying causes cannot be determined or treated, 
one should optimally monitor central venous pressure, pul 
monary wedge pressure, and ‘ iris and outs while giving 
small amounts of fluids with minimal amounts of sodium 

(Bonagura and I ehmkuhl* 1992k fin general, fluids are 
administered as rapidly as possible without excessively 
increasing the central venous pressure (i.e., >12 to 14 
cm H O). 


Gastrointestinal Disonfers 

Acute Vomiting 

Acute vomiting commonly cause«• fluid deficits (Johnson 
1992), The severity of the deficit will depend on the sever¬ 
ity and cause of the vomiting and on whether the animal 

will cat or drink. Although vomiting is considered an 

alimentary tract disorder, many vomiting animals have ex- 
tra-gasiruintcstinal disorders (i.e., renal failure, adrenal "fail¬ 
ure,, hepatic failure, hypercalcemia, pancreatitis, diabetic 
ketoacidosis). The tbeT&py for most animals with moderate 
to severe, acute vomiting include - not being fed or watered 
until the vomiting diminishes, which means dial the patient 
has ongoing losses (both insensible and from vomiting) 
and no intake. Therefore, even if such an animal is not 
dehydrated at the time of examination, it will usually be¬ 
come so shortly. 

If mild dehydration is present or anticipated, SC fluids 
are often adequate. If the dehydration is or will probably 
become severe or if the animal appears lo be going into 
shock, however, [V fluids are mandatory. Until the electro¬ 
lyte and acid-base status are known, PSS or luctaied Ring¬ 
er's solution is usually an acceptable fluid. Although hypo¬ 
kalemia is co m i n o n i it a n i m a I n w ilh a c u lev o m i: i n g, 
supplemental potassium should he administered carefully 
until ins known ihai the patient is not hyperkaiemic from 
adrenal or renal dysfunction- One of the most common 
causes of severe vomiting m young animals is parvovirus 
enteritis, which will be discussed later with acute diarrhea 

Chronic Vomiting 

Most patients with chronic vomiting (i.e., lasting 2 weeks 

or longer) are not dehydrated when presented to the veien- 


nurian. The fact that the animals have had the disease for 
so long usually means they were able to compensate for 
their fluid losses, if they had not been able to compensate, 
they would have been presented earlier as emergencies 

in hypovolemic shock) or would have died. Some of 

these patients will be dehydrated because of a recent wors¬ 
ening of their disease. Ever when the animal s fluid status 

J* acceptable, however, there may he significant electrolyte 
and acid-base abnormalities. 


Fluid therapy must lie tailored for each individual. Hy¬ 
pokalemia is common if the patient does nor have adrenal 
insufficiency or severe renal failure (both of which can 
cause chronic vomiting). One cannot, however, accurately 
predict what a given patient’s acid-base status is, even 

when the cause of the vomiting is known. Animals with 
high intestinal obstruction occasionally have a hypoka¬ 
lemic, hypochloremic, metabolic alkalosis that supposedly 
reflects gastric outflow obstruction, while some animals 
w ith seemingly pure gastric fluid losses have a normal pH 
or arc acidotic. If therapy must begin before the electrolyte 
and acid-base status are known (i.e., the patient is severely 

dehydrated), then PSS or I am ted Ringer's solution is usu¬ 
ally acceptable The danger in supplementing potassium 
before knowing the patient's electrolyte status- is that the 

patient might have hypoadrenocorticism or severe renal 

failure, in which case potassium administration could be 
disastrous. It it is known or strongly suspected that hypoad¬ 
renocorticism and severe renal failure are not present (e g.. 

failure to respond to previous steroid therapy, adequately 
concentrated urine), one can reasonably odd 20 mEq KCI 
to each liter of fluids administered at maintenance rate 


(Johnson, 1992 k 


Acute Diarrhea 

Many animals with acute diarrhea are not dehydrated un¬ 
less the diarrhea ri profuse, vomiting is present, or the 
patient is anorexic. Acute parvovirus enteritis is ait im¬ 
portant cause of acute enteritis that produces diarrhea, 
vomiting, and anorexia in many patients. In such a severe 
case, IV fluid therapy is mandatory regardless of the cause 
(Johnson, 1992). Treatment initially should address hypo¬ 
volemic shock, septic shock, or both, if present. Then, until 
the chemistry panel returns, o m may reasonably administer 
PSS plus 20 to 4(1 mEq KGl/L ai maintenance rales. In 
parvuv irus enteritis, one must also be concerned with hypo¬ 
glycemia (discussed later u which may occur due to sepsis. 
One cannot predict the acid-base changes of dogs with 
parvovirus cntcrupalhy: therefore, do not administer bicar¬ 
bonate without laboratory evidence of acidosis tHeald el 
ai, I9K6). 

Chronic Diarrhea 

Mosi patients that are presented to the veterinarian because 
of chronic diarrhea are not dehydrated. The fact that the 
animals have had diarrhea for so long and are just now' 
being examined usually means shat they were able to com¬ 
pensate for their fluid losses If they had been unable to 
maintain hydration during the previous 2 or more weeks, 
they probably would have ten presented curlier as emer¬ 
gencies. or they would have died- A recent worsening of 
the disease may, however, cause dehydration in which case 
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it is to star fluids (usually PS 5 supplemented 

miih 20 mBq ICC I/Li while waiting for scrum chemistry 

panel results Hypokalemia is the most common electrolyte 
problem in these patients, and acute renal failure and hypo- 
adTenoconictsm I two of the most common causes of non 

iatrogenic hyperkalemiaj seldom cause disease character¬ 
ized predominantly by diarrhea. The acid-base status 
cannot be predicted, and one should not administer alkalin- 
i/ing solutions until ai least (be TOO* is known 

Another major concern for animals (especially dogs) 
wish chronic diarrhea is hypoal burnt ncmit, Protein-losing 
enteropathies may produce serum albumin convemratiutu» 
of less than 1.5 g/dL. which can be associated with ascites 
and loss of fluids from the effective circulating volume 

(Johnson. J992). The clinician should avoid excessively 
diluting the remaining albumin in severely hypoalbu- 
mincmic patients, which would result in further pooling of 
fluid in third spaces and depletion of effective circulating 
volume. If the animal needs increased oncotic pressure, 
plasma may he administered, It is common, however, for 
albumin that has been administered IV to he los: rapidly 

into the intestines of animals with pmtei n -1 crai ng enteropa¬ 
thies. HctaMarch is often effective for longer times because 

it is m>t lost into the intestinal lumen as quickly 

Pancreatic Disease 

Acute Pancreatitis 

Acute pancreatitis is a potentially fatal disease thai has no 
specific therapy in most cases. Effected dogs usually are 
anorexic and yet vomit gastrointestinal secretions, leading 
to severe dehydration. The primary therapies available are 
withholding oral intake llo prevent further stimulation of 
the pancreasl and fluid therapy (to allow pancreatic perfu- 
>iun) (Johnson, 1992). If an inflamed pancreas is poorly 
perfused, the inflammatory state may progress from a rela¬ 
tively mild, edematous one lo a severe, hemorrhage, ne¬ 
crotic condition with a poor prognosis. 

The most common mistakes in treating patients with 
pancreatitis are feeding too soon and inadequate adrninis- 
(ration of fluids \ Williams. 1995). Not only must (he fluid 
deficit he replaced, bul one inusn also attain a normal 
effective circulating volume so that visceral perfusion is 
improved It is important to recognize the difference be¬ 
tween restoring fluid deficit and improving tissue perfusion 
Severe abdominal inflammation may cause fluid to pool in 
the abdomen nr penponcreatic tissues and he useless for 
pancreatic perfusion I urihermore there may lie pooling of 
fluid in the intestinal tract due to poor motility and the 
nearby inflammat ion. 

It is also important to monitor the serum albumin cor 
central ion. If the albumin concentration drops (due to se¬ 
questration in the abdomen caused by the inflammation), 
there can be poor tissue perfusion. In such a ease, plasma 

or betas [arch may he useful. There is also wmie thi night 
that udmmistralion of plasma may replenish circulating 
proteases that offer surnc protection against enzymes re¬ 
leased from the diseased pancreas (Johnson, 1992). 

Diabetic Ketoacidosis 

Animal' with diabetic ketoacidosis are often bul not invari¬ 
ably severely dehydraied and ac miotic. Appropriate insulin 
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therapy pint; replacement of fluid deficit usually result in 
success if the patient docs not have sescre pancreatitis 

(Nelson. 1995). Reasonable initial choices of fluids include 
PSS and LRS until laboratory J.mi are obtained. Automatic 
addition of NaHCOj to the fluids is dangerous and unneces 

vary Many, if not most, ketoat identic patients wiP become 
hypokalemic once therapy is begun; therefore, if is reason¬ 
able to start nuppkmcming potassium with the initial fluids 

(NcLson, 1995). Hypophosphatemia is a potential problem 
of aggressive insulin therapy, anti scrum phosphate concen¬ 
trations must be monitored, especially if anemia is devel¬ 
oping If the patient becomes hypophosphatemic, the IV 
fluids should be ^uppienwnted with potassium phosphate. 
An initial rate of 0.01 to 0,03 mmol phusptutfe/kg pci 1 hour 
is reasonable; however, the pttiicnt must be monitored to 
avoid causing hypocalcemia and hyperpltosphaiemia (Wil¬ 
lard et &L 1987). Hypomagnesemia may also occur. 



The main concerns about administration of fluids lo a 
patient with hepacii disease are hypoalhumiitemui. hypo¬ 
glycemia. fluid and salt retention. and electrolyte abnormal¬ 
ities. Fluids re Nine ted in sodium fe.g., half-strength PSS 
plus 225% or 5% dextrose) should be used to help avoid 

fluid retention in patients with chronic hepatic disease 

prune c>■ ascites (eg., cirrhosis). Addition of glucose to the 
fluids (i.e,, 2,5% to 5%l guards against hypoglycemia and 

helps prevent hepatic encephalopathy If hypoulbuminemia 

is severe, colloids in addition lo crystalloids should be 
considered. It often requires large volumes of plasma to 
significantly increase plasma albumin concentrations. Hy¬ 
pokalemia predisposes the pat lent to hepatic encephalopa¬ 
thy; it can be avoided by supplemental potassium chloride 

in the IV fluids {Johnson, 1992), 

Acid base abnormalities are difficult to predict and must 

he assessed in etch patient- In general, one should avoid 
alkalcmta because it predisposes to hepatic encephalopathy 
(Schenker el al . 1974), Therefore. LRS and NaHCOj 

should be avoided unless there is a specific indication 
for (hem. 



Hypuglycemjft may be caused by various diseases (e g., 
septicemia, hypoadrenocorticism, hepatic insufficient >, in- 
sulinnma, starvation of a neonate, iatrogenic overdose of 

insulin). Regardless of us cause, hypoglycemia that is re¬ 
sponsible for signs ti e.. weakness, coma, convulsion) 
should be treated (Feldman and Nelson. 1987a) For emer¬ 
gencies. I to 2 ml of 50%' dextrose/kg is. drawn up and 
administered IV slowly, to effect. For a more prolonged 
effect one may add dextrose to maintenance fluids,, In 
most cases, 2,1'% dextrose given u maintenance rates will 

maintain the blood glucose concentration in a vafe range 
(i.e.. >H0 mg/dl.y In rare cases, one may need to adminis¬ 
ter 5 P % instead of 2,5% dextrose to achieve this goal 

Hypocalcemia 

Symptomatic hypocalcemia m usually caused by puerperal 
tetany, hypopafilihytoidism, ethylene glycol intoxication. 
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of inappropriate administration of & hypertonic phosphate 

enema. Regardless of its cause, hypocalcemia causing clini¬ 
cal siatn i int,, tetany, convulsions) should be treated (Feld¬ 
man and Nelson, I9S7b). Calcium chloride works faster 

than calcium gluconate but is owe dangerous 110% cal¬ 
cium gluconate has 0 46 mEq ( a/ml whereof 10% calcium 
chloride h«is I 36 mEt| tVmtfe calcium chloride causes 
severe solughmg if injected perivascularly. and rapid IV 

administration may produce cardiotoxicity, Approximately 

O'.5 to 1.5 mL of 10% calcium gluconate i\ administered 
per kilogram, of one cun administer 5 to 15 mg/kg slowly, 
to effect. over 10 to 30 minutes. If calcium chloride is 
used, one usually only needs to administer 1 to i ml per 

animal. Such a treatment usually lasts a few hours, al¬ 
though some animals will need additional therapy within 1 

to y hours. Once the crisis is over, one may add calcium 
to the IV fluids to provide constant infusion, in general, 10 
ml. of I Off calcium gluconate is added to 500 mL of PSS 
and administered at maintenance rates. Then, the serum 
calcium level and clinical signs are monitored and the 
amount of calcium m the IV fluids increased if needed. 
Alternatively, may-- administer 1 to 2 ml calcium gluco- 
nateAg (diluted LI in sterile PSSi SC (Feldman, 1995k 



Sy mpt-muto hypercalcemia in dogs is usually due to pseu- 
dohypcipamihyruidtsm, primary hyperpaiathy roidism, hy¬ 
poadrenocorticism, vitamin D intoxication, or chronic renal 

disease causing tertiary hyperparathyroidism I Elliott ei al„ 
19911. It is important to rapidly decrease the plasma com 
centration of calcium lo prevent nephrotoxicity. This is 
ultimately best accomplished by elimination of the cause 
(e g,, removing or treating flu 1 malignancy causing pseudo- 
hyperparathyroidism, removing the parathyroid adenoma). 

While searching for the cause, however, one muy udminis 

ter excessive volumes (e.g., twice or more maintenance 

requirements) of PSS to initiate a saline diuresis and. en 
ha nee urinary calcium excretion (potassium concentrations 
must he monitored lo avoid hypokalemia) (Chew dt al.. 

1992 k Furoscmidc also promotes nairiuresis and calciuresjs 
if the pattern is adequately hydrated. Administration of 0.5 
to l mg prednisolottt/lb/day may enhance calcium e&cre- 
lioci md reduce tone resorption as well m intestinal cal- 
ciurn absorption. However, steroid administration may 
make it more difficult to diagnose the cause of the hyper¬ 
calcemia. In severe- cases one may also alkalimw the pa¬ 
tient with sodium bicarbonate or administer prednisolone, 
mithramycin i Rosol ei al.. 1994), calcitonin, nr ,■ combina¬ 
tion thereof. Calcitonin especially important in the treat¬ 
ment of animals that have eaten cholecaldferotoontaining 

rodent tods (GarUx’k ct al, 1991). 



Dehydration should to corrected before surgery and anes¬ 
thesia^ if possible. Even after deficits have been corrected, 

animals undergoing prolonged general anesthesia usually 

benefit from IV fluid support Unless the patient is hypo 
proteinemic or anemic, crystalloids {£■£ , PSS. IRS) are 


usually administered at 2 to 5 mLAg per hour. Severe 
hypoproteinemia and anemia should to corrected with 
blood or blood components before the patient is anesthe¬ 
tized. 

If one anticlpules significant loss of blood during the 

procedure, the basal rale may need to to increased by 5 to 

Id mLAg per boor If (here is substantial blood loss or -the 

hematocrit falls to less than 20% to 2591 during the proce¬ 
dure, strong, consideration should be given to administering 
red blood cells (either as packed ted cells or whole blood}. 
If one is attempting to correct for blood loss during the 
procedure with crystalloids, one should administer approxi¬ 
mately three times as much crystalloid solution as one 
estimates there has been blood loss (Muir, 1992), 
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Antigens 


The blood cells of each species are grouped according lo 

antigens Located on the red bJotxJ cell (RBC) surface, which 
determine the imiminologic specificity of the cell The 
number of antigens that have been detected varies among 
species, Although can»m‘ blood has been characterized by 
ai least 11 blood groups (Slormom. 1982). 8 are generally 
recognized and are designated as DEA i dog erythrocyte 
antigenl l.L 1,2. and 5 through H (Dodds. 19H5), Of 
these. DEA-1 and DE A - 7 are the mov common clinically 

signs heard antigens. 

The cat has three blood groups, designated A. B, and 
AB. Types A and El of the cal arc unrelated to human 
blood groups, Both groups are allelic, with the A allele 

expressing dominance over B. The incidence of each blood 

type is character!zed hy marked geographic differences 
both outside and inside the United Slates; type A is by far 
the most common, with an incidence ranging from 99*5? in 
the United Stales to 70% in Australia (Cotter. 1991; Giger 

el al., ]989, Auei and Bell. 1981). The remaining cats have 
type B, although a very low incidence of type AB (CM#') 

lias been reported (Auer and Bell. 1%I; Oiger and Bu- 

cheler, 3 991; Authement ei ah. 1987) A small number of 
cats witli Lype AB blood f^D.1%) have been iclemificct in 
the I nit«! Slates. Allhough type A -.s also the rnosi com¬ 
mon detected in purebred cats, approximately 10% have 
lype B blood. Breeds such as Abyssinian*. Persians. Hima¬ 
layan*, and Rex appeal to have a higher incidence tNors- 
worthy, 1992). Some catteries have exclusively type B cals. 
No Siamese have been reported to have type B. Cals 
lacking both type A and B antigens have not been kknti- 
fi ed. 


Aiioantibodies 

Plasma contains ollantibodtes (isoanribodies) whose activ¬ 
ity is directed toward antigens contained on RBCs from 
amntaLx of the same species. Naturally occurring isoami- 
bodics arc genetically determined and are present when an 
animal receives its tirsj blood transfusion A transfusion 
reaction may occur with the first transfusion if the recipient 
plasma con Earns isoamibodie* directed toward the donor 
RBC’ antigens A less severe reaction can otcur if the donor 
plasma contains isoantibodies directed toward recipient 
RBCs The incidence of clinically important natural isoanti- 
boditrs is low. however, and incompatible antigen-antibody 
reactions .are uncommon with initial blood transfusions 
{Stormont, 1982; Dodds, 1985). Ami-DBA-7 is the most 

common isoantibody in dogs, present in about 50% of the 
canine population. About 4.5% of blood in dogs tested 
contain PEA-7 antigen (Cotter 1991) Shortened Mirvival 
of PEA-7 bbtod after transfusion inlo DEA-7-negative 
dogs has been documented (Cotter. 1991). Routine cross- 

matching procedures generally do not, however, test for 

this reaction (Cotier, 1991}. 

Although cals with either A or B type have naturally 

occurring isoantibodies (alloanti bodies), the anti A anti¬ 
body (type B cals) is stronger and responsible fur most 
serious incompatibility reactions. All type B cats have 

strung hemagglutinin and hemolysin titers of anti-A aHomo 

tibodies (Kristenscn and Feldman, 1995). In contras:, cats 
with type A have low onti-B alloantibodics. In Australia, 
the blood of approximately 35%' of lype A, cats contains 
iso antibodies against type B ce!K These antibodies are 

only weakly agglutinating, however, with liters less than 
1:2. and thus transfusion reactions are absent or miM (Auer 
I9fi|; Giger 1991). Destruction occurs extravascular! y due 
to lgM and IgG. In contrast, approximately 709- of type B 
cals contain strong i&oagglutinins (liter > 1:8) to type A. 
Thus, cals with lype B blood are at a greater risk few 
serious transfusion reactions (Auer et al.. 1981; Giger and 
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Buchekrr. 19^1). Cals with type AB bigod apparently do 
not have isoanti bodies to either type A or B. Intravascular 
destruction of RBCs occurs intravascularly md is comple¬ 
ment and IgM mediaied Huger and ftucheler 1991). 

In addition to naturally occurring aJLuantibodks. adirtin- 
istration uf whole ckmoi blood containing antigens foreign 
lo the recipient will stimulate formation of new alloantibod 

its directed against donor RBCs. Ami gens DEA-LI and 
DEA i .3 (often referred to as a type A) (Cotter 1991 ] are 

the mosi lately canine antigens to sensitize a recipient and 
cfossmotehing procedures concentrate on these antigens 
tCotter, 1991), Foe example, administration of blood con¬ 
taining DEA-I.J antigens to a DEA-1.]-negative recipient 

will result in the formation of anii-DEA-l.l antibodies in 

the recipient. Formation of new antibodies will take 10 to 

14 days. Approximately 25 e £ of random primary (it, 
first) tronsfu-sions in dogs may result in DEA-1 antibody 
formation in the recipient animal (Tangner, 1982). As a 
result, the recipieni may develop a delayed transfusion 
reaction to the first transfusion, or severe immunologic 
reactions cun develop upon ‘subsequent rcadministration of 
DEA-1 blood 

The incidence of (rails fust on reactions after a random 

second blood transfusion has been estimated to be 15*& in 
the dog (Sturmunt, 19342; Dodds, 1985|. The potential of a 
foreign antigen to stimulate antibody production formation 
varies with each antigen. DEA- I I and DEA-1.2. which 
together occur in about U\% of the canine population, have 
the greatest potential for stimulating antibody production 
in canine recipients. Thus the administration of blood from 
DEA-1.1 or DEA-1.2 dogs should be avoided, particularly 

in animals that may require a second transfusion at a later 
ditto. Destruction of transfused red blood cells is acceler¬ 
ated when transfused into incompatible anirtuils. In cals 
mean survival time (time when one half of the transfused 
cells have been removed from the circulation) of autolo¬ 
gous (from the same am mall washed RBCs is 3H t 2 

days. Mean survival of same-type transfusions (i.e., cal 

type. A receiving type A) to 30 days* whereas that uf 
deferent types of transfusions is less than 15 days. If type 
A blood is transfused into a type B cat, the survival 
time is less than 2 hours (Non worthy, 1992). Repeated 
transfusions are characterized by an even shorter RBC 
mean survival time of less than 5 days (Marion and Smith. 
1983a; TurnwaId* 1985). 

Neonatal isoeryihrolysis incurs as red blood cells of 'the 
newborn are lysed by maternal ulloantibudics that have 

entered die newborn A circulation from colosmim during 

nursing. In eats, cases re fleet type; B blood in the' queen 
and type A in the sire and kittens (Knslcnscn and Feldman. 

1995j. Clinical signs include failure to thrive, icterus, amt 

anemia. Kittens should be removed from their mother (for 
3 days) .md foster nursed. Type S queens should be mated 

to type B or otherwise compatible siren. 

Crossmatching detects the presence of both natural and 
induced isoantibodies in plasma of either the recipient 
(major crossraateh) or the donor (mi nor cross match) 
plasma (Authemeni cl ah. 198"?). It does not prevent sensiti¬ 
zation; rather, it delects that which has already occurred or 
will occur with transfusion at the time of crossmatching 

(Cotter. 1991 >, The major erossmatch is the mwi important 
of the.- two and can be relatively easily performed on fresh 


blood. Crossmatching is particularly essential for animals 
with a history of receiving a transfusion within the past 4 
days (Dodds. 1985; Lees, I9K5; Marion and Smith. 1983b; 
Cotter 1991). Feline typing reagents are not readily avail¬ 
able. Major croeisjnatchliig may, however, detect incompati¬ 
ble transfusions (Cotter, 1991), Commercial "rapid card" 
tests are available through commercial animal blood bank¬ 
ing sources for screening of incompatibilities. 

Canine blood typing is available from several labora¬ 
tories; 

Dr Robert Bull, Department of Medicine. B220 Life 
Sciences Building. Michigan State University. East 
Lansing, Ml 48824 017435-4616} 

Stormont Laboratories, 1237 East Bearner Street, Suite 
L\ Woodland, CA 95776 (530-661-3078) 

Antech Diagnostic Laboratories, 17672A Cowan Ave 
nue, Suite 200, Irvine. CA 92714 (BOO-745-4725) 

University of Tennessee, Veterinary Teaching Hospital, 
Be r 107 L Knoxville, TN 37901 1615*974-8387) 

Eastern Veterinary Blood Hank 2138-B* Generals High¬ 
way, Annapolis, MD 21401 (800-949-3822) 

Feline blood typing is also available ar the School of 
Veterinary Medicine, University of Pennsylvania. 

The life span of compatible transfused, nonslored RBCs 
should he similar to that of normal RBCs. Transfusion of 

incompatible cells can result in immediate destruction or 
delayed destruction, depending on rapidity of antibody 
production (see previous discuuwnl Increased destruct j on 
of transfused RBCs at 2 to 21 days has been noted for 

dogs and cats f Dug i tor. 1982: Marion and Smith. 1983a). 

Prolonged storage of RBCs also reduces survivability 

(Marion and Smith,, 1983b). 

DONORS 

Dogs and cats serving as donors can be owned (housed! at 

the practice or may be client owned as part of a donor 
program Donor programs have proved useful for private 
and academic practices m large urban areas (Henncs, 1989. 
Kristenscn and Feldman. 1995). With modification, pro¬ 
grams could be developed for both cats and dogs for must 
practices. Canine donors should be young, healthy, and 
cooperative* with no history of a blood transfusion. Blood 
collection is easier from short-haired, lean animals. Dogs 
should weigh at least 20 kg and cals 4 kg (Pichler and 

Turn wa Id, 1985; Authement ei al,. 1987). Cats should have 
a packed cell volume of at Least 35 ft (Homeida et aL, 
1986 k Dogs preferably should be DEA-1 and DEA-7 nega¬ 
tive. Greyhounds ore often considered to be the ideal canine 

donor choice because their incidence of these antigens is 

low (Authement el al., 1987), Female donors should be 
neutered- Donor animals should be free of blood-transmit¬ 
ted infections. Dogs, should be tested for ehrlichiosis, bru¬ 
cellosis, microfilaremia, bcmobartoiKllo&i-s, and habesia: 
cals should be tested for leukemia, immunodeficiency and 
infectious peritonitis virus, Toxoplasmosis, and hemobarto- 

nellosis. Splenectomy of donor animals to cause recrudes¬ 
cence of enhanced detection of blood-borne diseases is 
controversial* Routine care for donor animals should in¬ 
clude vaccinations, and internal and external parasiticide 
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Table 6 - 1 , Animal Blood Bankinct Resource Information' 


AjiuimJ Ultxxl Uiiikintf, PQ ikn 62] I, V*.joLk, C V 956% 
( 53 O- 67 S- 30 (*J>l hoUmc. WHI 24 jtf 759 
I jsicrn Vclcnruiy Btuud Bulk, SIJtMW'j-IBZj 

Hrmpei, Imnc. CA. 714 252 8455 
MUwcm AmPiwtl Services. 51T^SL8244 


‘SfnikY' -Mr jkoal.aWf -4 Nxir^ 1 tLxy to p-iArkfe bUtodl or hkhid c^rnpiin**iK 
nr ki jm<H«er que-aiofl§ fSHpriiflj Mafia loA iraikiiw 


treatment. Supplemental care for small animal donors 
should include adequate dietary intake of vitamins iparticu¬ 
larly B 

proteins of meat origin. Records should be kept on donors, 
parliculari) with regard to dale and amount of collections 


folic acid, and pyridoxinei. minerals limn), and 


(PicKler and Tumwald, 1985; Lees, 1985). 

Several commercial bkx.nl banking services now prtn tde 
prepared blood products to practitioners who do not choose 
to maintain a donor (or participate in a client-owned donor 
program) (Table 6- l). These services provide not only 
overnight delivery of blood or hliKxl components for dogft 
ami cats but also hh tod-collecting equipment. 


COLLECTION 

Materials 


Receptacles 

Two types of containers sure available for collection of 
blood (Authemcm ct aL 1987; Norsworthy, 1992) (Figs. 
f>-l and 6-2) Vacuum bottles are simple ir> use because 
the vacuum allows collection from the jugular vein in 
small animals. The bottle is penetrated during collection, 
however, which may allow bacterial contain [nation of col¬ 
lected blood. Other disadvantages t>| glass bottle collec¬ 
tion include: 

I, Inability to separate blood components (e g., plasma 
or platelets) 



Figure fr-1. \.kuujti buttles UMmij sl£tv air sbuwm jifc molt l urn cm till lu 

us* for fikmd nllKtHn lhan bagv ivce big. &-2j. End they jjc acinjcultd 
wiidi pemn risks A blond ojIlectHin sci is in from of rite Innilci. this 
must he purchased separately 


figure 6- 2 The sMdiiic hag accumpanitv Ibt hkwd mlkcticio 

iuiJ eJkowi fur fleptratiro and subsequent iiurjye of pksnui from 

ml Ntxtd cdH However, totktfkn may require Midatum 


2, Activation of platelets and some coagulation factors 

3, Potential for air embolism 

4, Breakage of the bottle. 

In contrast, plastic bags remain sterile, separation of com 
portents is easy if units with satellite hags are purchased, 
and activation of blood components is not as likely as with 
glass. Plastic hags for single-unit small animal whole blood 

collection are less expensive than glass bottles, especially 

when the cost of the blood collection set is added to the 
cos) of the battle. Collection is more difficult into plastic 
bags compared to glass hoi ties, however, because positive 
(i,e„ arterial) or negative tie., a syringe or a vacuum 
device( pressure is needed to generate blood flow sufri- 
cienlly rapid to prevent clotting in (he collection tube or 
hag, Thus, 

1. Sedation may be needed in small animals 

2. The lime necessary for collection is longer 

3. Clotting is more likely to occur in the collection tub¬ 
ing 

4. Arterial hemorrhage may complicate femoral arterial 
collection. 

Materials designed for blood collection can be pur 
chased from several commercial sources (e.g„ Baxter), 
Products specifically designed for collection from small 
animals (including small collection bags) can be purchased 
from Animal Blood Banking (sec Table 6-1). A vacuum 
apparatus is also available from Animal Blood Ranking, 
which precludes the need to use arterial Kites lor collection 
into plastic hags in dogs. Small plastic bags designed for 
collection of blood from cats can also he purchased; how¬ 
ever, an anticoagulant must he added to these bags Syrin¬ 
ges can also be used lo collect blood for small animals or 
pediatric animals (Pichler and Turiiwald, 1985; Lees. 


Anticoagulants 

Anticoagulants used for blood collection include ACL> 
(acid citrate dextrose). CPD (citrate phosphate dextrose), 
sodium citrate, and heparin iGherman et aL I9KI; Authe- 
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mem ct a:.. J9H7; Nor* worthy, I992>. Each has fo advan¬ 
tages and disadvantages. Maintenance cri normal RISC 

physiology is m important consideration in the selection 
of (he most appropriate anticwp lam. 

The RBC undergoes significant changes in physiology 
during storage. The oxygen carrying capacity of RBCs 
changes as ATP and 2 *3-diphosphogly cerate (2,3 -DPCj) 
content decline- Die oxygen dissociating curve thus shifts 
to the left, and delivery of oxygen to tissues by the trans¬ 
fuses! blood is decrejiseii. 'Piece metabolic changes are, 
however largely reversible. Up to 50*1 of depleted 2.3- 

DPC is replaced within 24 hours of transfusion, although 
replacement occurs at the expense of host RRCs (Obermau 

el al.* 19111; Lees, 1985 k 

In addition to pH and related changes, stored red blood 
cells may become spherical and rigid and thus less tie - 

fomiable Once the cells are transfused (heir destruction 
by the host is accelerated if they maintain their abnormal 

shape lAuer et al., 1982). Acid citrate dextrose (14 mU 
100 mL bloodi w ill preserve blood for up to 3 weeki. 
Citrate phosphate dextrose (14 mU 100 mL blood i, how 
ever, will preserve canine RBC belter and longer (4 to ft 

weeks) due to enhanced preservation of pH. ATP, a*d 2,3- 
L)PCL and RBC deformahd i (y fPichlerand Fumwald, 1985; 

Lees, 1985 j. Feline blood can be stored in ACD for al least 
30 days | Marion and Smith, 1983b), Acid citrate dextrose 
can be prepared by diluting a mixture of L8 g (3.6 mLj of 
ML* dextrose, 1,6 g sodium citrate h and 0.5 g citric add 
with enough distilled water to make 50 mL. After sieriUza 
don by autoclave, the solution will be sufficient for collec¬ 
tion of 450 mL blood Acid citrate dextrose is also com¬ 
mercially available in prepackaged quantities (Blynco 
Development Company, Sherburn, MN) that can be dis¬ 
solved in sterile water, sterilized, and used to collect blood 

(Hum and Moore, 1990,3, 

Heparin (250 to 625 uniWmLi (Authement el al., 19871 
is limited to collection of small quantities of blood (50 
ml ) such as that needed for pediatric patients or cats. 
Blood collected with heparin cannot be siwed f Authement 
et al. 19871 because heparin contains no preservatives arid 
will he inactivated within 24 to 48 hours. Heparin also 
activates platelets, rendering them nonfunctional* an unde¬ 
sirable effect if the host is deficient in platelets. Sodium 
citrate (I mL of 3.5^ solution to 9 mL blood) can also be 

used for collection of small quantities of blood from dogs 

and cars. Although sodium citrate contains no preservatives 

or energy sources, it is rapidly metabolized and excreted 
arid therefore safe to the recipient. Collected blood can be 

refrigerated up to 35 days before use. 


Collection Procedure 

A total of 20 to 25 mL blood can be collected per kilogram 

weight of donor ring every 14 to 21 days. Up to h ml per 
pound or a maximum of 50 mL is recommended for collec¬ 
tion from cats (Pichler and Tumwald, 1985; A u the mem et 
aL. 1987: N i. tfvworths, 1992), Up to 20‘S- of a donors body 

weight (10 to 15 mL/kgj can he collected safe I v $1 2- to 4- 

week intervals (Hunt and Moore, 1990). This total can be 

divided into multiple withdrawals during the prescribed 


tune period as tog as intervals are al feast 7 days for dog's 
and 10 days for cats. 

The jugular vein is the safest and most efficient rite of 
collection in all animals, bui in the dog and cal suction or 
vacuum is needed (Pichler and Tumw&ld, 1985). The femo¬ 
ral artery can also be used for plastic teg collection from 
dags, Nit this route requires moderate sedation and added 
care to avoid hemorrhage, .Should a sedative prove neces¬ 
sary for blood collection from a donor, there is little to no 
concern about the sedative effects of the chemical restraint 

in the recipient. The volume of blood administered to the 
donor w ill not contain a sufficient dose of drug to cause 
pharmacologic effects Cardiac puncture as a means to 
collect blood from dogs and cats is contraindicated except 
in Terminal (euthanasia) case* (Pichler and rumwald, 1985) 
or in ferret*, 

Regardless of the site of blood collection, a sterile 
preparation is necessary. The puncture must be 'felcan' h to 
avoid activation of platelets and factors. Blood should be 

gently mixed throughout collection io equally disperse the 
anticoagulant. Collected blood should be labeled and dated 

before refrigeration, and, the collection should be recorded 

in the donor's record. The amouni of blood collected can 
be measured by weight (1 g - I ml > 


Whole blood or blood components can be cither purchased 

or prepared (Gherman et al,, 1981; Kristensen and Feld¬ 
man. 1995), Whole blood contains all blood constituents 
with the exception of coagulation proteins (Fig, 6 14 k 
F resh whole blood ii whole blood that is administered 
within 6 hours of collection; coagulation proteins remain 
active until that lime. Packed RBCs are collected from 
whole blood that has either undergone centrifugation or 
has been stored at IfoC until red eel Is have settled by 
sedimentation (Fig. 6-3R> Blood-collection units with inte¬ 
gral transfer containers should be used if preparation of 
RBCs is anticipated, The removal of 225 to 250 mL of 
plasma from 500 mL of whole blood will generally result 
in residual RBCs with a hematocrit between 70% and 80% 
(see Fig. 6-3), As with whole blood, packed RBCs must 

be refrigerated at 1* to 6*C and, when stored properly, will 

have the same expiration date as whole btod Packed cells 
w LtJh a hematocrit greater than 80%, however, undergo 
accelerated aging during storage and have a decreased 
mean survival time after transfusion. Whole blond or 

packed RBCs must be maintained. 

Collected whole blood or packed RBO should be either 
used within, 24 hours or, m the case of ACD or CPD 
an ticoagu Luted blood, stored at refrigerator temperatures (I* 
to foO for the previously described period. Preservation 
of RBI - can be enhanced by gentle mixing at intervals 
throughout the storage period and by uniform temperatures. 
Blood stored in a standard refrigerator should be placed as 

far buck on the shelf ns possible to minimize temperature 
fluctuations, which decrease RBC life span, Refrigerated 
blood that is subsequently warmed to more than ICT C 

should be used within 24 hours (Auer et al. 1982:: Lees, 
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t9H5, Aulbemcnl cl at* 1987; Tumwald. 1985). Methods 
lor collection and preparation of component parts have 

been described (An thenieiil cl a.l. h 1987 ), 


Plasma 


Storage requirements for blood component parts £e,g„ 

plasma cfyoprecipitnte) art different from those for whole 
blood and packed RH(V Plasma lhal has been separated 
from KHCs can be prepared and stored m several ways 

(see Fig. 6-3). Fresh plasma must be separated from RBCs 
and administered w ithin b hours of collection. Frozen 


plasma (which contains electrolytes and proteins such as 
albumin and fibrinogen) can be separated from whole blood 
at any time after collection up go ihe expiration date of 

previously collected hlnocL 

The factors that .ire viable, however, depend on the 
rapidity with which it is frozen alter collection as well as 
on the duration of freezing and the temperature at which it 
is stored. The vitamin K dependent factors (II T VII. IX, 
and X) remain stable in frozen plasma (Cotter, 1991). 
fresh Im/en plasma differs from frozen plasma in that 
coagulation factors V and VII also remain stable: however, 

lg must he frozen within 6 hours aflcr collection, preferably 
at -4tF to - KU°L\ It can be stored at these temperatures 

for I year or in a household freezer for 3 months, ut which 
tunc l( becomes frozen plasma (Cotter, 1991: Auihcmcnt 

et ah, 1987). 

Units of plasma in plastic bags should be stored individ¬ 
ually in boxes. A rubber hand should be placed Liound ihe 
plasma bag so that a crease is formed during freezing. The 
rubber band is removed when the unit is frozen The loss 
of the crease before administration indicates that the unit 
has been i nadvencully thawed l Authemcni cl al., I9X7>. 


ccntrmtcd sources of coagulation factors VIII. von Wille- 
brand factor, fibrinogen, and Iihroncctin (Cotter. 1991) It 

is the while foamy precipitate formed after centrifugation 
of partially thawed (siluny consistency) fresh frozen plasma 

that has been frozen for 6 months or less (Authcment et 
llL. 19871. Wbcn frozen immediately after col lection into a 
satellite hag, the component can he stoned For another year 
at - 40* to —HOT Platelet yield for pi aid el or platelet- 
rich plasma is greatest when centrifugation occurs at high 
speeds {12(H) ,i?> for a short time <2.5 minutest m 2<PC. 

After preparation, platelets dial are nut immediately used 
should be continuously rocked or intermittently mixed for 
up to 72 hours at room temperature. Platelets can be stored 
al 1 D to b'C without agitation for 48 hours (Authcment el 
id., 19X7). Rdngcralcd platelets do not, however, maintain 
(heir function or viability as well as those stored at room 
temperature. Platelet products cannot be stored (Marion 
and Smith, 1983b}. 

Platelet-rich transfusion* (and blood as needed) are indi¬ 
cated for platelet deficiencies, including immune-mediated 
thrombocytopenia. Vincristine-loaded platelets (0.01 to 

0.025 mg/kg) can be used for patterns refractory to therapy 

targeting immune mediated disease or idiopathic thrombo¬ 
cytopenia (Green et al . 19X2: Hclfand ct nl.. 1984). Vinca 
alkaloids, in addition to immunosuppression, also appear 
to stimulate megakaryocytes by changing the structure of 

circulating platelets. In addition, macrophages that phago* 
cytize vincristine bound to circulating platelets will be 
destroyed. Macrophage turnover may necessitate repetitive 

treatment, With prolonged use or high doses, vincriitUK 
can cause bone mnttw suppression, 

CLINICAL USE 

Blood 


Platelets 

Platelets and platelet rich plasma require centrifugation 
w iihin f> hours of collection Cry ('precipitate contains ccm- 


Rlood transfusion in small animals is indicated in cases of 
acute hemorrhage or anemia in which the packed cell 
volume iPCVj i k than r». P®cltccS (re*! I s n.rc |irc t c f i lt (1 

\of Ihe iHmov-olemic animul so thai the administration of 
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Table 6 -£ Btood Component Storage. Dose, and Administration Rates 
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Packed red teEb 

37 (Lvs lADSOLh. 4 U C 

20 day* (CPDAtk+tJ 

5 mL/lh will T PCV io*t 

Plalckr ;k h pi.iini.s 

13 days (CPDAI i. 22T 

0.5 U/IO fe(l (J/10 hg) 

fTr'ih Irivrn pLavmq 

l year. - JtfC 

i month* tlCC 

5 mUTh (10 mtAgl'. rrpeal anul t»leed]ii|j is in*t[n>lkti 

t'nikpnrCipil^lc 

1 year. -,WC 

1 numthv IB *C 

0 5 171() Ih, fepeal until h-tLfdm^ ti eontndkd 

l 1 1a'imA/i'ry'c»f)nor plasma 

5 years, - 30T 

5 mlJlti (10 ml 7kg i, repeal until Needing » eoncmlkd 
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i soaniibodtes and ttfhcr foreign protein can he avoided. 
Blood for therapy of chronic anemia generally is limited 

to animals with a PCV of less than 10%. Component 

therapy is indicated for special cases. 

Administration 

Blood jdmini strati on requires sterile prepare ion at the site. 
Blood should he gently mixed before administration. A 
blond administration set or other filter should he used to 
remove clots and large particles {big. fv4; see Fig. 6-3A), 
The filter does not remove miernaggregates that may accu¬ 
mulate during storage I Marion and Smith, 1983b), An 
infusion set with a sideum lever connecter is available for 
the administration of Mood collected in a syringe for small 
animals (Marion and Smith. 1983b). A large gauge intrave¬ 
nous catheter should be used 120 gauge for dogs. 22 gauge 


fiflyr? 6—4 An example nf A b|>**l filter that eon he pljfL’d \hc cud eif 

o syringe few Lid min is tin i on of small volume* of htsKwJ ie.i,. In can or 

pnJiaEm dng«| The iillrr used ftrt *dni mmiraEum of toller volumes, of 
blood ti ithiHkft m figure 6-3A 


for cats, 23 gauge for pediatric patients ), larger needles 
should be used for administration of packed cells; forcing 

Mood through small-gauge needles results in turbulence 
that causes hemolysis of RBCs Whole blood or packed 
cells limy he mixed with normal saline to reduce viscosity 
(Turnwald, 1985). Coadministration of other fluids should 
be avoided (Authemcnt el ah. 1987; Tumwald, 1985) (Ta 

Me 6-2), 

The site of administration partially depends on patient 
sue, A large vem is preferred Intraperitoneal administra¬ 
tion may be used for pediatric patients, lip to 40% of 
administered blood will be absorbed in 24 hours and 82 r r 


in L week (Tumwald. 1985), although the life span of the 
RBC is probably reduced- Intramedullary ft.c,, intraos¬ 
seous) administration is also recommended for pediatric 
patients. Usually the femur but often the humerus is the 
site of administration. Absorption is rapid, with 9391 of 
administered blood absorbed in 5 minutes. Regardless of 
the site of administration, a tiller (HO or 171) pjn) should 
be used to remove maerttaggregales rhal form in Mood 
during storage (see Fig. b—M Filters can be purchased as 
pan of a blood administration set (straight type |4C2116] or 
V type [4C2197] blood recipient sets. Fenwul Laboratories. 
Division of TravcnoL Deerfield, IL) or separately but adapt¬ 
able u> a syringe for transfusion of smaller volumes {Hemo 
nate Filter). 

Blood can be warmed in a water bath up to 37®C 
to avoid hypothermia and cardiac arrhythmias in the host 

animal CommercialLy available blood-warming baths and 
coils are also available (Y542S0, MeGaw Laboratories, Inc.. 
Sahanu Grande, Puerto Rico). Care must be laken to not 
heat Mood loo rapidly or too high to avoid RBC destruc¬ 
tion, 


The dose of Mot*1 necessary to change the PCV cm be 
calculated based on the patient's body weigh I and the 
present PCV (Fig. 6-5; see Tabic fih-2). Generally, patient 
PCV and protein do not change until more than 20 niL of 
blood/kg recipient weight has been transfused. Accurate 
calculations of total blood volumes necessary to achieve a 
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PCV of donated Wood (cat) 



PCV oi do rated btood (dog} 



Rf«f* 6-k The emimhiiu trf MumI • hlM!)j ifui should I-.: jdniLniat^red m ,i mxt|)Knl in wdci 10 xhicvi; a po*l -iraisTjAxin parted :cll v illume fPCV) ol 

lS' : v (cat) or Hwt idn|i The amtium 10 be iraitsfuwl vinca with the PCV of ihc donor (<vp»iw) sod the PCV of if* netjiwhi Far a neipitfl* 


cat wtigtiiiip 10 lb ftrth ,i K'V of HKr, 7 S m\ of btraxM- or '?8 ml, hUal * iih a PCV ii| USflt would he reifumeU to nwwaw the K. V to IS** Kir a 

HMfedug w.iih a FCV of Itwfr. 2 22 mLflh or 222 mL of blood from u dog with j PCV of WS would he nroc^uy to inctrav the PCV in VW. 


specific p«st-Iran*fusion PCV in ihc recipient can he made 

from Ihc following formula m which milliliters of donor 
blood is equal to 

Recipient weight <kg) X SH) mlAg 

Desired PCV - redpfeni PCV 

TJonor PCV 


where 90 mL/kg tor 70 mL/kg for cats) is the Mood vol¬ 
ume- 

Finally* the amount of Mood needed for a transfusion 
can lx- rough!) hut rapidly estimated* assuming a donor 
PCV of 4 CKS by (he following formula: mL donor blood 
- I ml whole blood per pound body weight of re< ipient 
per f r f change m PCV desired (TbrnwakL I 9 ftf|, For 


r 


■r 
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example, Mi obtain a PCV of 25% in .1 31Mb dog with a 

PC V of 15%, one uould need to transfuse 3(1 X (25% 

15% j or 300 mL w hok bl ood, 

Kate 

Regardless of the amoun* of hlood to be transfused, base¬ 
line vital signs should be irwuMiicd and the initial rate of 
administration should be slow, 0.25 rnUkg during ihe first 
10 to 30 minutes. During this time, the patient should be 
monitored for volume overload (particularly if it i* a car¬ 
diac patient) and transfusion reactions, 1 or the remaining 
period. the rate should be 1 to 5 niL/kg/h. although a rate 

or 22 mtikg/h may he used for hypovolemic patients Fluid 

therapy h also indicated For the hypovolemic (including 

shock) patients, A slow rate should be used to administer 
blood to cardiac patients (e g., I -4 mL/kg/h) (Turnwait!, 

i 985 1 



Plasma therapy may be indicated for patients whose serum 

albumin level is levs than 15 g/dL or fresh frozen plasma 
for patients whose clotting factors one deficient. Cryopre- 
cipitate i* indicated for hemophilia, von Will? brand dis 
case, and other specific lyndromes Plasma and related 
products containing foreign proteins should he adminis¬ 
tered cautiously; Because plasma contains the majority of 
donor proteins (including antibodies), transfusion reactions 

are mk uncommon and. as with whole blood, may occur 

with the initial transfusion. Thus, administration should 
probably be slower than the recommended 2 to 5 mL/fcg/ 
h. A total dose of 5 to 10 mL/kg is recommended with 
each transfusion. 

The amount of albumin needed *0 replace a deficit is 

difficult to calculate (Kristensen and Feldman. 1995). Nor¬ 
mal albumin (4fP£ inlravascular + extra vascular) - 

3.5 g/dL; 

Step l: Normal plasma volume - A - 4,5%- of body 

weight i kg) 

Step 2: Normal plasma albumin (g) - 3 5 (g/dL) X 

A (dL) 

Step % Patient plasma albumin |g) - patient albumin 
(j/dL) x A (dL) 

Step 4: Plasma deficit = B - normal plasma albumin 
(g) — patient plasma albumin (g) 

Step 5: Total albumin deficit ^ T = (B/40) X 100(g) 
Step 6: Plasm* units needed - T (gV5 g* =_ 

For patients with disseminated intravascular coagulopathy, 
heparin (1(1 t/Wg) can be preincubated with fresh frozen 
plasma or cryoprecipiute n> aciivaie antithrombin Hi be¬ 
fore transfusion (Kristensen and Feldman, 1995). 


Transfusion Reactions 


When reactions between donor and recipient cdWantibod- 

tes arc moderate to severe, the reaction is considered 110 be 


' V-v 1 "’■■■«I ■ 5 (lUbunun/uful ciftim: I'l.i.nu. 


a transfusion reaction (AuthetneiH ct al, 1987). Advene 


reactions to blood transfusions can be cither immiinolog- 

ica11 y or n 0 n 1 mmunologic al 1 y t Lees, 1985: TurnwaJd, 
1985) mediated. Immunologic responses include immediate 
1 acute) and delayed (chronic) transfusion reactions Acute 
hemtfysh is due to an immediate reaction between donor 
and recipient antigens and isoantibodies. It can occur with 
an initial transfusion, but it is more likely to follow sub« 

quern transfusions. The signs of an acute reaction due 10 

hemolysis include nausea, vomiting, salivation, tachycar¬ 
dia, hypovolemia, prostration, urticaria, and fever. The use 
of DEA-1-negative and DEA-7-negative Wood will reduce 
the incidence of acute transfusion reactions in dogs. De¬ 
layed tmttffuiivh reacHtsts are likely if m unexplained 
decrease in the PCV occurs 2 to 21 days after transfusion, 
These reactions usually occur wiihin 7 to 10 days after 

transfusion and are more likely with repealed transfusions 

due to sensitization of the donor to recipient 8BC antigens. 
Jaundice may be present. Cross matching can help reduce 
the incidence of acute and delayed transfusion reactions. 

Reactions can also result from white blood cell antigen- 
anlibody reactions. 


Nonimmunologic adverse reactions to blood transfusion 
include fever, which indicates bacterial contamination of 
the blood: vascular overload indicated by clinical signs of 
coughing, dyspnea, vomiting, and pulmonary edema; cn 

ergy expenditure in the very debilitated recipient after 

massive transfusion of energy-depleted blood (i.e. T after 

prolonged storage); and air embolism if glass bottles are 

used (Lees, 1985; Marion and Smith, 1983b). Overdosage 
of the anticoagulant used in the donor blood may also occur 
after massive transfusion, thus impairing [he recipienLfl 

coagulation system. Citrate toxicity has been reported after 
transfusions of blood containing \CD or CPD, This results 
from 1 he chelation of recipient calcium by the anticoagulant 
in the donor blood and is manifested as hypocjilcvjrsic 
tetany. Liver disease in the recipient may exacerbate this 

problem (Lees, 1985; Autbement et al, 1987), 



Autotransfusion involves collection of’ blood and readmit!* 
i strati cm to the same patient (Ntchaucr, 1991; Zcnbbk and 

Stone,. 1978) Blood can be collected from a healthy patient 

in anticipation of a future need for blood (within 3 weeks). 
When tins technique is used, three to six collections should 

be made over a Ilk to 14-day period. Aututnutsfusions 
roiiy al so be used for patients suffering hemorrhage into a 
body cavity from winch the blood can be efficiently col¬ 
lected for leadrrnm stratum Such blood is immediately 

available and is minimally physiologically affected, and 
transfusion reactions are avoided. Blood collected from 
body cavities requires filtering to remove clots and other 
materials. No anticoagulant is necessary if the blood has 
been in contact with a peritoneal or pleural surface for 
longer than 45 minutes, Blood cal’! tv simultaneously col¬ 
lected and administered with a butterfly catheter, stopcock, 
in-line transfusion filter, and syringes (Tumwald, 1985), 
The major disadvantage of this method is thal biogenic 
amines released b> dcibrination are not removed from the 
blood and can cause severe reactions. 
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BLOOD SUBSTITUTES 


Two types of blood substitutes are currently being devel¬ 
oped for iheir ability 10 carry and deliver substantial 
amounts ol oxygen to tissues: free hemoglobin and fluoro¬ 
carbons (Lowe. 1986; Gould et al., I9K5), Free hemoglobin 
solutions are characterized by a short half-life [20 minutest 
and a P^Sti lower than blood, both of which will decrease 

oxygen availability in tissues, Fluorocarbons are chemicals 
that are miscible with bltxxl and can carry as much as 5.25 
mL of oxygen per 100 mL of blood, depending on oxygen 
tension, Although ibe oxygen-carrying capacity of these 
compounds is not adequate for total blood replacement, 
their low viscosity makes them potential!) useful in disor¬ 
ders characterised b> abnormalities its microcirculation. In 
addition, use of these agents in non vascular tissue (such as 
the peritoneal cavity) may enhance supplementing oxygen 
exchange in tissues during respiratory failure. 

Oxyglohin (Biopure Corp., www.oxyglobin.eom 1 is a 

hemoglobin-based oxv gen-carrying lluid derived from 

polymerized bovine hemoglobin. Ox y glob in increases 

plasma and total hemoglobin concent radons and thus in¬ 
creases arterial oxygen content, Gxyglobin has an average 
molecular weight of 180 kD, w ith 50' i of the hemoglobin 
polymers between 65 and 130 kD. As such, it has colloidal 

properties similar to those of dextran 70 and heiastarch. 
Because it is a polymerized hemoglobin, however the 
molecules are much larger than hemoglobin, and the com¬ 
pound is not likely to be tillered by the kidney {thus 
avoiding renal side effects of hemoglobinuria u 

Because the hemoglobin has been removed from the red 

blood cells, antigens from the cell are absent and the risk 
of sensitization is reduced. The absence of isoaniibodies in 



plasma reduces the risk of an immediate transfusion reac¬ 
tion, Antigenicity to bovine hemoglobin may. however, 
result in antibodies, and caution is recommended with 
repeated administration It) or more days apart Repeated 
administration of the product is currently being studied. 
Because Oxyglohin contains a foreign protein, anaphylactic 

reactions are 

Oxyglohin is eliminated similarly to hemoglobin hy 
reticuloendothelial cells. Its elimination half-life in dogs is 
estimated to range between 50 and 4(1 hours. As such, 90'S 
of the drug will be gone within 5 to 7 days after infusion. 
As a pmtein. the compound provides oncotic pressure 
(draw), and its use in patients already suffering from vol¬ 
ume overload (c,g„ congestive heart failure) or in cases of 
accidental overdose t >10 nilAg/ht can be associated with 
circulatory overload and its negative sequelae (eg., pulmo¬ 
nary edema, pleural effusion, increased central venous pres- 

sure, dyspnea, or coughing!, 

Oxyglohin mildly decreases PC’V immediately after in¬ 
fusion and increases total and plasma hemoglobin concen¬ 
trations for at leasi 24 hours. Packed cell volume and RBC 
counts are not accurate measures of anemia for 24 hours 


after administration. Adequate hydration is important, but 
over hydration should be avoided because of the plasnia- 
expanding properties of Oxyglohin. Administration of other 
colloidal solutions should be avoided. The most likely 
side effect is circulatory volume overload. Central venous 
pressure or clinical signs indicative of circulatory overload 
should be monitored during and immediately after adminis¬ 
tration of Oxyglohin, 


Transient changes or side effects after administration of 
Oxyglohin reported by Biopurc Corp, include yellow 

orange discoloration of the skin, sclera, and gums; red to 
dark-green discoloration of tcccs; brown-black discolor¬ 
ation ot urine; vomiting; diarrhea; and decreased skin elas¬ 
ticity within 4H hours ot dosing. The frequency and inten¬ 
sity of these clinical signs are dose-dependent Oxyglohin 
is intended as a one-time use only at a recommended dose 
of 30 mLAg intravenously at a rale of up to 10 mLAg/h. 


Conditions studied in controlled canine clinical trials 
included immune-mediated hemolysis in - 30k bilood loss 

(gastrointestinal' traumatic, surgical, rodemicide intoxica¬ 
tion: n - 25k and ineffective erythropoiests (idiopathic. 

RBC aplasia, ehrlichiosis; n — 9). Relative to pretreatment, 
plasma hemoglobin concentration signi(leanily increased 


iP 


(MM 11} and clinical signs associated with anemia 


(lethargy/de press ion. exercise intolerance, and increased 

heart rate) significantly improved If = 0.001) after treat¬ 
ment with Oxyglohin. Treatment success was defined as 
the lack of need for additional oxygen-carrying support 
{i.e., blotxi transfusion) for 24 hours after ihe completion 
of infusion with Oxyglohin Success in the treatment group 
was 95* r compared writh 32*v in untreated control dogs, 

Oxyglohin may he warmed it* 37*C before administra¬ 
tion. It cannot he frozen but is stahle for 24 months. Care 

should be taken to avoid temperatures that arc too cold in 
the re frige raior. It is approved for use in dogs but appar¬ 
ently has been studied in and is also safe in cats. The price 

is about $3*ykg T although animals may not need the full 

30 mlAg; according to the manufacturer, 10 mUkg may 
he sufficient in some cases. The foil bug in which the 
product is contained is oxygen-impermeable. Once the hag 

is opened, oxygen can penetrate the plastic bag, resulting 
in the oxidation of the hemoglobin and methemoglobin¬ 
emia. A brown discoloration will appear when approxi¬ 
mately 25*3 of the hemoglobin has been oxidized. The 
product also offers an excellent environ mem for bacteria) 

growth' even with refrigeration. The product should he 
used within 4 days of opening. 


BONE MAH ROW TRANSPLANTATION 




marrow traits 



atitin is not yet c 



practical, it has proved successful and may provide an 
avenue of therapy for cases of aplastic anemia or pancyto¬ 
penia (Harris and Beck, 1986k Transplantation requires 
matching of donor and recipient major histocompatibility 

gene complex, The recipient must be “conditioned’ to 
receive the graft b\ total hotly irradiation so that the ten¬ 
dency to reject the graft is decreased. 

Bone marrow is collected front the donor hy multiple 
bone marrow aspirations from long bones with heparin as 
the anticoagulant, Diineihv I sulfoxide is used as the preser¬ 
vative. The marrow is then transfused intravenously. The 
cell numbers needed for a successful transplantation de¬ 
pend on the degree of donor-recipient gene matching. Com¬ 
plications include host-vers us-graft rejection (the host re¬ 


jects the transplant) and graft-versus-host rejection m 
which the graft is so successful that it rejects (and kills) 

the host. 
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DRUGS STIMULATING RED BLOOD CELL 

PRODUCTION 

Pharmacojugic therapy for anemia is oriented toward (I) 

providing com pone nts needed for red blood cell (HBC; 
product!on (e g., proteins, vitamin B l3 , and folic acid), 

including hemoglobin synthesis (iron and other minerals); 
and 1.2) stimulating bone marrow fi mtiaiion id RBCi, 

fled Blood Cell Formation 

Hematopoiesta 

Hematopoiesis occurs through. differentiation of stem cells 

that are formed early in embryonic life Differential ion 
occurs in a series of steps in which burst-forming mk< 
(BFUs) and cojouy-forming uniis (CPUs) art; formed for 

each of the major celt line-' These undifferentiated cells 
continue to proliferate and differentiate under the influence 
of a number of cellular and humoral factors that arc pro¬ 
duced by bode marrow and peripheral tissues, 

Erythropoictin (EPOi tithe most importaru regulati* of 

the proliferation of committed erythroid cells (Hillman, 
1996 ) (Pig. 7 -1)* The kidney is the major wte of EPO 
production, where it is released in response to anemia or 
hypoxia. Among the more important regulators of the my¬ 
eloid series are granulocyte colony-stimulating factor (Cl 

CSF) and granulocyte/macrophage colony-stimulating fac¬ 
tor (GM-CSF). Several vitamins are needed for red and 

white Wood cell formation (hematopoiesis and granulo¬ 
poiesis, respectively) (Adams, 1995: Hillman 1996). 

Vitamin B lf 

Vitamin B j: (cyanocobalamin), the "maturalioc factor," is 
essential fai DN \ synthesis, and sis deficiency inhibits 


nuclear maturation and division- Because cells that rapidly 

multiply arc affected first, reduced RBC proliferation and 
a '‘maturation arrest" in the bone marrow are among the 

first indications of a vitamin B n deficiency. The ciyihro- 

blast cannot continue to divide, becomes very Large* and is 

referred to as a me-f>abbtas\ (“megaloblastic anemia”). 
The mature erythrocyte is also large and is referred w> as a 

mm.mcyte. Although its oxygen-carrying capacity is adc 
quale, the enlarged cell is very fragile because of its large 
size, and it has a reduced life span (Adam, 1995: Hill- 

man. 1996). 

Vitamin B i; is a porphyrin-1 ike compound with a ring 

containing a centrally located cobalt (Hillman, 1996k li 
can be acquired from both the diet and microbes in (he 
gastrointestinal tract. Most microbial production is in the 
large intestine* however, where B > is not readily absorbed. 
Dietary deficiency of Bis unlikely and usually results 

from poor absorption (including pancreatic enzyme defi¬ 
ciency) from the gastrointestinal tract. Absorption of Bi 3 is 
complicated tFig. 7 2) and depends on several factors 
(HiLiman, 19961. Gastric acid md pancreatic enzymes are 

needed to release B., from dietary and salivary' binding 

proteins (Hillman, 1996) To avoid digestion, B l3 is pro 
tecied by binding to intrinsic factor and R protein, which 
are secreted by the parietal cells. The hound Bcomplex 
is carried to the ileum, where B, ; is adsorbed to highly 
specific receptor sites on the brush border Vitamin B, r 
enters the cell by pinocyto&is and then enters the Wood, 
where ti is bound with mmseobaUmm. the plasma cturicr 
Excessive vitamin B u * is stored in large quantities in the 
liver and is slowly released as needed. Vitamin B,j is 

excreted into the bile hut undergoes cnrerohepatic cycling. 

Interference with absorption by the ileum will result, in 
continuous depletion of B [3 , Many months of defective 
vitamin B . ; absorption ire necessary* however* before \ ita- 
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min B,i deficiency occurs. The anemia resulting from B,. 
deficiency is also referred to as penurious anemia. 

Vitamin B tJ is available as a parenteral preparation in 

the pure form of cyaiHKohalamin or the more highly pm- 
tein hound by dru voco biiJami n. Hydroxocnbalanun mas 
provide more sustained effects than csanocohalamin when 
given by injection (Hillman, 1996), Vitamin B,* is also 
available for oral administration in the pure form or in 
combination with other vitamins and minerals, Methylco- 
balamm is another congener of vitamin Bn and represents 
one of the two intracellular active forms of the vitamin 

(the other being deoxyadeno\vIcobaUmmI i Hillman. 
1996). Foods high in vitamin B include selected microbial 



cant toxicides associated with therapy. Indications for B, ; 
therapy are limited to situations of B,> malabsorption such 
as ileeclomy, gastrectomy, malabsorption syndromes, or 

chronic administration of dmciidine or other anti secretory 
drugs because an acid environment is necessary for release 
of Bi; from the did and for intrinsic factor activity. 


Folic Acid 

Folic acid (ptcroy I glutamic aeidt is a cofactor needed for 
UNA synthesis because ir promotes the formation of a 
nucleotide necessary for UN A formation. Folic acid is also 
necessary for RNA synthesis, and it serves as a methyl 
donor for the formation of vitamin B 1? I Hillman, 19%! 
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Folic: add is acquired from the diet* although it can ubo 
be formed by microbes. Dietary sources include yeast, 
liver, kidney. :ind green vegetables. Folic acid is also stored 
in the liver but not as avidly as is vitamin B, 2 . It undergoes 

cnlcrnhcpalic circulation but is destroyed daily by catabolic 

processes. Daily requirements arc high, and serum k-vels 
will fall rapidly several days after dietary deficiency. Gas 
IrtnntesLinal absorption of folic avid is not as complex as 
that of vitamin B >_ although it requires protein digestion 
and the presence of dihydmfobte reductase in ihe small 
intestine. Jejunal pathology can result in folate deficiency. 
The degree of folic acid binding to plasma proteins is not 
well understood. 


Folic acid is available as both a parenteral and an oral 
(pure or combined product) form. The minimum daily 
requirement in people is 50 pg/day. but this can increase 
to KM) to 200 or more in patients with high cell turnover 
rates (c.g, hemolytic anemia) (Hillman, 19961. In humans, 
the most popular form of folic acid supplementation is as 
pan of a multivitamin preparation containing 400 to 500 
jig of ptefoylglutamic acid. In high disease states, one to 
two I-mg tablets are consumed. This dose may he the 
source of the recommended dose for cats and dogs. Com¬ 
pared with commercially available products, the dose rec¬ 
ommended for small animals seems excessive, and it is not 





dose is necessary. There are. how- 
no apparent significant toxicides associated with thvr* 



apy. 

Indications for therapy are mad equate intake due to 
administration of several drugs (niethotrexate. potentiated 
sulfonamide antibiotics, some anticonvulsants such as 
phenytwin), liver diseases, malabsorption, or other chronic 
debilitating diseases. Folic avid is also available as Leuco- 
vorin (Tolinic acid), a congener of folic acid (Hillman, 
1996J. This drag apparently will serve as a substrate for 

inhibitors oi Jihydrofolate reductase such as methotrexate 

or trimethoprim but will nol replace deficient folic acid. 


Folinic acid (leucovorin) is a derivative of tetrahvdrofo* 
Ik acid and, as such, docs not require the action of d i hydro- 
folatt reductase in order to act as a folate by contributing 
a carbon moiety. In humans, administration of tolinic acid 
increases serum folate activity owing to 5-methyltetrahy- 
drufolaie. It is used clinically to circumvent the actions 
of dihydrofolaie reductase |e.g., methotrexate) but is ikn 
indicated for treatment of folic acid deficiency. 


Hemoglobin Synthesis: Imn 

Hemoglobin consists of a henne portion and a globin por¬ 
tion. The heme portion is formed from a pyrrole ring, four 
of which combine to form a protoporphyrin compound. 
This in turn combines with iron to form heme. Four hemes 
combine with the globulin glohtn to form hemoglobin. 
Several factors are necessary for hemoglobin formation. 

Iron is a component of hemoglobin, myoglobin, and 

other substances such as those found in cytochrome and 

electron transport systems (Hillman. 19%: Adams, 1995), 

About 65% of total body iron is present in hemoglobin. 
4% as myoglobin, and 1% in cytochromes ami electron 

transport systems. The remaining 15% to 30% is stored as 

eidver ferritin, the soluble form of iron stores, or hemosid¬ 
erin, die insoluble sum, Oral absorption of iron is slow, 
eomplScaled, and not well understood (Fig 7-3). It is 

available in (he diet in either a heme form* which comprises 

a small percentage of the total hut readily absorbed form, 
or m a nonheme (ferric oxide) form. The non heme form 
represents the largest dietary fraction, but its absorption is 
profoundly affected by dietary factors. Non heme iron must 
be converted to the ferrous form for absorption to occur; 
conversion depends on an acidic environment. Absorption 

of iron is increased by hydrochloric acid and decreased in 
situations that decrease acid production in the stomach 

(e,g., chronic use of antisecretory drugs). 

Iron is absorbed primarily from the proximal jejunum. 
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wbefc i( immediately combines in the enterocyte to apofer- 
ritin to form ferritin. When transferred out of the entero- 
eyie, ferritin dissociated. and imit combines with the globu¬ 
lin transferrin, iron is transported in the plasma in this 

form, but the binding is loose so iron can be easily trims ■ 

ferred to tissues. Iron is transferred to cells via specific 

receptors dial interact with transferrin, especially in the 
liver, In cells* iron again combines with apofemlm to 
become ferritin. Small quantities are albo Cloned as the very 
insoluble hemosiderin; the quantity of this storage form 

Increases when the total quantity of iron in the body is 
much more than apofenitiit cart accommodate. When apoT 
errtiin is saturated* transferrin cannot release iron, and ii 
thus becomes dose to 100*% bound (estimated iron stones). 

'There is no mechanism for the excretion of iron other 
than via the gasirnintestinal tract Gastrointestinal tract 
elimination occurs by (h exfoliation of enterocyte* com 
turning iron* <21 biliary elimination, and (3) i* continuation 
of 2) elimination in diet of iron not absorbed. Total body 

iron is regulated by altering the rate of absorption. If all 

the apofemtin in the enterocyte is combined with iron* the 
amount of iron in the enterocyte is high, and absorption 
from the diet is slowed Absorption is faster if iron stores 

are depleted This mechanism has been referred to as the 
mucosal black phenomenon. 

Preparations Iron is available in both ora) and paren¬ 
teral preparations. Oral preparations are prepared as ferrous 

(bivalent) or ferric (trivalent) salts. Ferrous salts tend to be 
the treatment of choice for oral supplementation and are 
dosed according to their iron content (Hillman, 1996). 
Examples of bivalent ferrous salts include sulfate (20% 
iron i. gluconate (I2%k ami fumarate (33%) The ferrous 
bivalent salts are more soluble in the gastric environment 

and are absorbed three times faster than the trivalent salts. 
Tiw efficacy of polysaccharide oral iron products approxi¬ 
mates that of ferrous products. Slow release iron products 
have Mil been well studied. These products may be contin¬ 
ued for several months; toxicitte* and side effects are 
dose related, 

Parenteral preparations are indicated if oral preparations 
cannot be tolerated or are not feasible. Iron dexiran IM 
injection generally is the preferred route Parenteral admin¬ 
istration results in a more rapid accumulation of iron stores, 
which may take months (in people) with oral therapy. Other 

indications for parenteral therapy include diseases of the 
gastrointestinal tract that preclude iron absorption oi that 
will exacerbate another disease (e g , inflammatory' bowel 
disease) or intolerance of oral supplementation i Hillman. 
I9%|. Much of the smn given intramuscularly remains ;it 
the site of injection for several months. The remaining 
iron enters the plasma but must first be phugocytized by 
reticuloendothelial cells For processing. This may lake sev¬ 
eral months, and evaluation of total body iron may be 
difficult until all of the iron is processed (Hillman, 1996). 

In human patients, iron injection is preceded by a test 
dose (about 0.5 mLl. It is given only in a large muscle 

mass and is Associated with It mg-term discomfort, lord 

skin discoloration, and a perceived risk of malignant 
change at the site of injection. Selected iron dcxtnm prepa¬ 
rations also can be administered intravenously. Dosing is 
based on a conversion of body weight (0.66 X weight in 


kilograms) and on the patient's hemoglobin level compared 
with the desired hemoglobin level (14.8 g/dL) (Hillman. 
1996). After an initial 0.5-mL test dose, the calculated dose 
is given in 2.0-mL incremenb each day until completed. 
Side effects associated with intravenous administration in¬ 
clude malaise, fever, arthralgias, urticaria, and generalized 
I ymphadenopathy (Hill man, 1996), 

Drug Interactions . Several drugs, including tetracy¬ 
clines -and antacids, and several foods bind to and precipi¬ 
tate iron when given orally. Absorption is enhanced in the 
presence of ascorbic acid because it reduces ferric iron to 
its ferrous state and prevents formation of insoluble and 
unabsorbatdc iron compounds (Weiss* 1995), 


Clin kal Use. Indications for iron therapy are limited to 
treatment or prevention of iron deficiency such os occurs 
with blood loss or successful therapy with anabolic steroids 
or recombinant EPO sn a patient suffering from chronic 
anemia. The efficacy of ‘"shotgun** products is question¬ 
able. As with any hemalmic preparation, provision of these 

compounds will he ineffective if the nutritional status of 
the animal is poor. ‘ ‘Shotgun'' preparations are product* 
that contain a combination of hematinic agents such m 
vitamin B,j. folic acid, pyndoxinc. nbo-flavin, nicotinic 
acid, pantothenic arid, thiamine, biotin, ascorbic acid, and 
vitamin fe. The need for inclusion of all of these products 
is debatable An exception might be mode for ascorbic 

acid, which enhances oral absorption of iron, and pyridox- 
irte, which is useful in human patients with selected ane¬ 
mias. One human patient with pure red cell aplasia ha* 
responded to riboflavin. Occasionally, these products might 
be considered dangerous because some additives may be 

sufficiently high to mask clinical signs of other nutrient 

deficiencies that uli mutely mav become life threatening 
(Hillman* 19%), 



Erythropoietin is an endogenous glycoprotein hormone 
The kidney (peritubular cell) is the primary source of 
endogenous EPO* although the liver produces a small 
amount in some specie-' Insufficient oxygen delivery to 
tissues is the primary stimulus for production and secretion 

of Eft) (Hillman, 1996) (see Fig. 7-1), Prostaglandins 
appear to increase and nonsteroidal *mi-inflammatory 
drugs appear to decrease EPO production. Human EPO has 
been isolated and its chemical structure identified, allowing 

the syntheses of large quantities with recombinant tech¬ 
niques Although the recombinant human product (rhEPO) 
is identical to human endogenous EPO. substantial differ¬ 
ences exist between The human and animal proteins. Canine 

EiPO also has been isolated and synthesized in recombinant 
form. Although it is not yet commercially available, it is* 

closely homologous to feline EPO as compared with human 
EPO imd will be preferred to human Eft) for treatment 
lit cals. 


Mechanism of Action 

The influence of rtiliPO on ICBC production occurs at 
several steps. It. hinds to receptors or erythraid precursor 
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ceils and initiates changes in intracellular phosphorylation 
(Hillman, 19%), It st i mill ants the proliferation and differen¬ 
tiation of erythroid precursors* including BFU-crythrokJ 

colony-lorming units: erythroid eryihroblam. and reticulo¬ 
cytes (Hillman, 19%), Recombinant human EPO also stim¬ 
ulates ihe release of reticulocytes from the bone marrow 
into the blood, where they subsequently mature (Eschbaeh 

and Adamson, 1988, 1989; Faulds and Surkin, 1919, 
Schwcnk and Hulstenson. 1989; Schulman el al„ 1986.1. 


Dupwidon 

The disposition of rtiEPO has not been well characterized 

in either humans or animals, In humans, the elimination 
half-life- is about 6 to 9 hours with a very small volume of 
distiibulion (0.055 L/kgi As with most endocrine products, 
plasma half-life may not necessarily reflect biologic half- 
life (Faulds and Sot kin, 1989: Schulman ct al. T 1986). 


Prqn rations 

Recombinant human EPO is Available as epoetin alfa, a 
formulated product intended for intravenous or subcutane¬ 
ous injection in humans. It is combined with human albu¬ 
min. 


Adverse Effects 

Antibody Formation, Differences in adverse effects 
reported in humans versus animals should be expected 
because the protein is foreign in animals. Ijocal and sys¬ 
temic allergic reactions have been reported in animals 

(Cowgill, 1992, 1995; Cowgill el aL 1994b Cellulitis, 

fever, arthralgia, nod mucocutaneous ulcerations have oc- 

curred in 12% of animals treated in a pilot studs tCowgill, 
1992, 1995. Cowgill et aJL 1994) Signs resolve with drug 
withdrawal and may not reappear when treatment ls ft 

sumed. In addition, the rhEPO may stimulate production 
of antibodies targeted toward rhEPO. Up lo 30% or move of 
dap and cal* treated with rhEPO may develop antibodies. 
Antibody production* which tan occur within 2 weeks, 
may be accompanied by a progressive decrease m RIKA* 
hematocrit, and hemoglobin (Cowgill, 1992, 1995; Cowgill 

el al., 1994), Both exogenous and native EPO may be 
impaired and ultimately may cause aplastic anemia due to 
bone marrow failure. Antihidies are indicated by a hone 
marrow myeloid-toerythroid cell ratio of levs than 8. Dis¬ 
continuation of rhEPO will result in resolution of antibody 
formation and —to some degree—the anemia lie. that 
caused by antibodies), but drug therapy cannot be rcinsth 
tuted (Cowgill 1999). 

Miscellaneous Advene Effects, Other adverse effects 
that may require monitoring in patients receiving MFC) 
include systemic hypertension, iron deficiency, hyperka¬ 
lemia, mil polycythemia (Eschhach and Adamson, 1989). 

Flu dike symptoms occur in some human patients receiving 
the drug intravenously, Hypertension occurs in mart) hu¬ 
man patients with renal disease as the hematocrit normal¬ 
izes. Patient« who begin the use of rhEPO when in a state 
of hypertension are likely to experience a further increased 
in blood pressure. The mechanism of hypertension is not 


known* but may include increased blood viscosity or pe¬ 
ripheral vasoconstriction. Blood pressure increases within 

as little as 2 weeks of therapy and tends to stabilize by 
month 4 Increased blood pressure is rare in animals hut 
may occur. Additional therapy may be needed for patient* 
receiving anti hypertensive drug*. Other miscellaneous ad¬ 
verse effects of rhEPO in dog* and cats include seizures 
(rare) and depleted don stores, particularly in patients with 
iron deficiency (Cowgill, 1995), In an animal model involv¬ 
ing renal ablation, rhEPO hastened the progression of 
chronic renal disease. The clinical relevance of this finding 
has not, however, been documented:. 


Clinical Use 

The primary indication for rhEPO m people is .anemia 
of chronic renal disease (Adamson and Eschbaeh, 1991; 
Cowgill. 1992; Cow gill et al , 1994; Eschbnch and Adam¬ 
son, 1988, 19B9). Most human patients receiving renal 

dialysis also receive rhEPO In humans, the drug normal' 

i/*,-v the hematocrit. hemoglobin concentration, and RBCs 
aftet administration of 1:* lo 300 U/kg three times weekly. 
Some human patients have required 500 U/kg A stair-step 
approach has been used for nonresponding chronic renal 

disease in human patients in that the dosage continues (O 

be increased until the desired response is achieved (Esch- 

bach and Adamson, 1989). When the desired response is 
achieved (a hematocrit of 30% to 40*4), a smaller mainte¬ 
nance dose 1 25 to lOff I'/kg three limes a week) is given 

to maintain lire hematocrit above 30% (Eschhach and Ad¬ 
amson, 19H9), The maintenance dose generally is given 
subcutaneously, whereas the induction dose is often given 
intravenously {in human patients). Iron therapy re often 
begun as rhEPO therapy is begun. Because intravenous 
iron dextntn therapy is more expensive and is associated 
with anaphylactic therapy, oral iron therapy is preferred 
(Eschhach and Adamson, 1989; Hillman, I99h>. Differ¬ 
ences in the gastrointestinal absorption of iron m»} alter 
response lo ihEPO therapy. Addition of 200 mg of oral 
iron, however, appears io successfully maintain adequate 
iron Flores in human paUenLs with chronic renal disease 
receiving rhEPO, 

Recombinant human EPO is indicated in dogs of cats 
w ith a packed cell volume (PCV i of 20 to 25% or less due 
to renal disease (Table 7-1). Caution is indicated for pa 
hen re that are hypertensive before rhEPO therapy. Informed 

consent should be. obtained before use because of the high 

incidence of antibody formation. Initial treatment should 
begin at 30ft I'/kg <or. if a slower increase is acceptable, 
50 io 75 U/kg) subcutaneously three times a week until the 
target hematocrit (37% to 45% in dogs or 30% to 40% in 
cats > has been reached. The PCV should be measured 
twice weekly for the first several months of therapy, The 
frequency of administration can be decreased to twice 

weekly once the target K V has been achieved If the PCV 
does not increase sufficiently, the dose of rhEPO car be 
increased in 25- to 50-LT/kg increments. The maintenance 
dose will vary for each patient- A maximum dose has not 
been established in animals, although weekly doses of 30ft 
to 1050 U/kg have been reported (Cowgill, 1995) 

Recombinant human EPO has been used in smalt am 
mils with chrome anemia (Cowgill, 1992. 1995; Cowgill 
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el ti. 1994), When administered in uremic animals with 
chronic renal disease, the hematocrit of most patterns tior- 

malices within 3 to 4 weeks of therapy, and the clinical 

well-being of patterns improves. Response to therop} is 

indicted by retieulocylosis and an increase in hematocrit of 
0.5*; to 1.0% each day. HyptiJudemU uwtoeiated with ure¬ 
mia in cut should also resolve, in part because of improved 

appetite (Cowgill 1995). White blood cells and platelets 
do not seem to be affected. 

Erythropoicmi is indicated for treatment of anemias, 
associated with decreased levels of endogenous ERG. The 
drug ha>. however* proved useful in some cases of rtofirenal 
disease anemia in humans (Gatlon el al., 19951, The most 

common nonrcnal use in people has been in anticipation of 


autologous blood transfusion. The drug has also Wen used 
to treat sickle ail anemia and, more recently, multiple 
myeloma in people iGarton et al., 1995). 

Therapeutic Failure 

The most Likely reason fur a patient lt> wit respond to 
rhEPO is inappropriate therapy. If the anemia ;s not associ¬ 
ated with chronic renal disease. rhEK) therapy may be 

ineffective if endogenous rhEFO concentrations are maxi¬ 
mally increased. Several reasons con account for failure in 
a patieM with low endogenous rhEPO, Tie dosage may be 

insufficient. Failure of an anemic animal to respond to 
rhEPO may indicate the development of antibodies directed 
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toward rhEPO (Cowgoll, 1995), Failure to respond to 
rhEPO should stimulate a search for anemia not related to 
renal disease te.g„ inflammatory disease, neoplasia, he mo 
lytic diseasei or antibody formation. Iron supplementation 
wi 11 he neccssary for most patients ((’owg i 11 , 1995), 
Chronic inflammatory disease decreases response to 
rhEPO, as do myelophihitfit diseases that replace hone 
marrow with fibrous tissue. Alternatively, anemia may per¬ 
sist because patient nutrition is not sufficient to support 
increased EPO. Iron deficiency before or during therapy 
will blunt Hie response to rttEPO; iron supplementation 

should tie implemented. Oral absorption of iron may not 

occur until serum ferritin is below 31) to 50 ng/mL (human 

patients I. Erylhropoiesis improves, however, even in hu¬ 
man patients whose transferrin saturation is above that 
diagnostic of iron deficiency 1 16^ ■ (Wingard et al,. 1995). 


Granulopoietin and Related Products 


At least six growth factors influence granulopoiesis (ISiSl- 
man, I9%i Formation of both granulocytes and macro¬ 
phages from muliiprtcntial stem cells is stimulated by 
stem ceil Factor, a glycoprotein produced by bone marrow 
stromal cells; interleukin -1 (IL I ) and interleukin -6 f IL- 6 K 
inflammatory cytokines (bat mediate many of the systemic 
manifestations of acute inflammation; interleukin-3 ClL-3], 

UM-CSF along with G-CSF, is produced by j v;iriety of 

tissues in response to cytokines such as It,*I, tumor necro¬ 


sis fuctor* and endotoxin (Weivs, 1995. Hillman, 19%). 
Supplementation with exogenous factors stimulates the pro¬ 
liferation of various cell types with the type affected de 
pending on the factor or combination of factors, Intcrku- 

kilt'3 increases both platelets and granulocytes, and GM- 

CSF administered by ilsclf stimulates granulocyte and mac 
HTphage prol iteration When given in combination with IL- 
3, however. GM-CSR stimulate* thronibupoiesis, and when 
combined with EPO and IL-3, erythrOfioicsis is stimulated 
(Tyrrell et nL). 

As with EPO, recombinant products have been devel 
oped for thcnipculm stimulation of granulopoiesis. Both 


recombinant canine frcGSF) and recombinant feline 
IrfTiSF) G-CSF have been cloned, bui neither is commer¬ 
cially available at this lime. Feline GSF has much closer 

homology with rcGSF than with rhGSf and, as such, is 

the preferred product. Despite their lack of availability, 
the factors are increasingly being studied for treatment 
of neutrophil disorders in dogs and cats (Kruth, 1995; 


WeiM. 19%) 


In normal dogs, <"■-( si (5 p,g/kg per day) will increase 
neutrophil counts mer fourfold within 24 hours, reaching 
a maximum of approximately 72,000/mL by 19 days, with 

counts returning to normal within 5 day s after discontinua¬ 
tion of therapy f Kruth., 1995), In dogs afflicted with cyclic 

neutropenia. rcGSF (25 ^g/kg every 12 hours) prevents 

neutropenia and associated clinical signs, although cycling 
of neutrophils is not prevented. Chemotherapy-induced 
neutropenia (induced by miloxanlrone) was minimized in 

dugs receiving reGSF for 20 days. Studies in normal cals 
receiving rcCSF reveal an approximately threefold increase 
tn neutrophil count that persists until The dreg is discon¬ 
tinued No adverse effects occur i Kruth, 1995 , 1 . 


Other compounds have been studied for iheir effect on 
granulopoiesis. An extract o! $<rru(ia man esemi activates 
interferon-u and interferon -7 35 well as 1L-L IL 6 , and 
GM-CSF Sind tndiKxs my doprol iteration either directly or 
through release ol other cytokines (Kruth. 1995). 



Chemistry 

Anabolic steroids are synthetic compounds structurally re¬ 
lated to tcstofttcrunc. They have protein-anabolic activity 

similar to that of testosterone but minimal androgenic cf 
feels (i.e., minimal muscu I inizMiou) (Dennis, (990; Baga¬ 
telle and Brenner ]996i, Testosierone is the sole endoge¬ 
nous androgen in most mammals Its androgenic effects 
and rapid elimination have led k» the manufacture of syn¬ 
thetic compounds. Chemical manipulations that have pro¬ 
duced clinically useful anabolic steroids include {fig. 1 4) 

(1) alkylation (addition of a methyl |CHJ group) at the 
I To position (e.g,. stanuzolol h which impairs hepatic me¬ 
tabolism* thus prolonging elimination half-life; ( 2 > esterili- 
canon of" the I7f3 hydroxyl group (e.g., iX’ca-Durahulin) 
such that absorption from parenteral .Mic* is prolonged; and 

(31 modification of the steroidal ring structure. The se¬ 
quelae of changes it the steroidal structure vary with the 

modification and include prolonged absorption or elimina¬ 
tion. 


Mtchaimm of Action 

The mechanism of hcmatinic action of anabolic steroids on 

the cellular level is typical of the &ievoidal compounds 
(Mo!man 1982; Bagatelle and Brenner 19%; Majerus et 
aJ, 199e»; Wdstm. 1996), Anabolic steroids enter the BBC. 
where they enhance glycolysis and the formation of steroi¬ 
dal 17-keto-metabolites, These metabolites are delivered to 
tissues, including the bone morrow, where they interact 
with a cytosolic receptor in the appropriate cell and are 
transferred to the cell nucleus. In the nucleus, they induce 
the formation of BN A and synthesis of an effector protein 
that brings about the pharmacologic effect. 

The sequelae of steroid-induced nuclear transcription 
are manifold (Majerus et al., 1996, Wilson, 1996), The 
proposed sequelae on RBC formation include (l) stimula¬ 
tion of EPO production via EPO-stimulating factor, (2 
differentiation of stem cells into EPO-stimuluting factor 
sensitive cells (e.g., hemocytoblasts). and 13) direct stimu¬ 
lation of trythroid-progenitor cells. Anabolic steroids also 
increase mtracdlulai concentrations «t 2,3-bisphosphn^! vc 
crate in erythrocytes; oxygen release into tissues is subse¬ 
quently increased. 

Efficacy of the anabolic steroids on tlx- RBC mass 
depends on the presence of supportive materials (Majerus 
et ol,. 1996; Wilson. 19%). This includes adequate concen¬ 
trations of androgen dehydrogenase in the RBC, adequate 

EPO concent rations, and sufficient hone marrow ccllulanty. 
Thus, the effectiveness of anabolic steroids in treating 
aiwriua may be limited depending on the cause (i.e,, renal 
disease accompanied by low EPO levels). Administration 
of high doses of these steroids may cause a negative 
feedback inhibition. 
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Ph a rro ac «kigi c Effects 

The difference in the pharmacologic effect? of these drugs 
among the various tissues and, specifically, whether an 
androgenic versus an anabolic effect will predominate can¬ 
not be attributed to differences in target tissue receptor 
structure because there appears to be only one androgen 

receptor type. Piffertnee* in response may be concemra- 

non dependent (e.g,. reproductive tissues requiring higher 
concentrations than nonrepi uduclive i issues), Altemati vel y, 
differences m response may reflect conversion of the drug 
by target tissues to an active metabolite that subsequently 
causes the pharmacologic effect (Ma ictus et al, 19 %; 
Wilson, 1996). 

In the presence of continued administration, anabolic 
steroids initiate ami maintain a positive nitrogen balance, 
although the response is short-lived in intact males (Baga¬ 
telle and Brenner, 1996: Majerns et al., 1996; Wilson* 
1996). They antagonize glucocorticoid-induced protein ca¬ 
tabolism by competitively inhibiting glucocorticoid binding 

to glucocorticoid receptors. Although anabolic steroids ap 
pear to vary in their ability to antagonize the effects of 
glucocorticoids, protein anabolism may be induced in pa¬ 
tients experiencing gluc^icomctnd-induced protein catabo¬ 
lism, Anabolic steroids also reduce urinary excretion of 
nitrogen, sodium, potassium* chloride, and calcium. 

As pan of their anabolic activity, these compounds in¬ 
crease the circulating RBC" mass {and possibly granulocytic 
mass). Red blood cell indices hemoglobin, and hematocrit 
increase in various types of anemia White blood cell mass 
may increase in cases of pancytopenia, although white 
blood cell response takes longer than the RBC response. 
Response by thrombocytes is slower and less predictable 

(Bagatelle and Brenner, 1996; Majeru* et a!-, 1996; Wil¬ 
son, 1996). 

I^rt»aeu4l»iietks 

The absorption and disposition of these anabolic steroids 
depends on the type of preparation, the presence of specific 


receptors, and the species to which it is administered {Bag¬ 
atelle and Brenner, 1996; Majenis et al, 1996; Wilson, 

1996). Most anubnlic steroids depend on hepatic metabo¬ 
lism for elimination. 


Preparations 

Anabolic steroids can be divided into iwo categories de¬ 
pend on the presence or absence of an ailcyl (CHd group 

al :he 17-carbon position (see Fig. 7-4) fMajerns et at,, 

PANS, Wilson, J996) Oral and parenteral preparation* are 

available, with the alkylated products being better absorbed 
orally Oil-based parenteral preparations are intended for 
slow release Examples of alkylated anabolic steroids in¬ 
clude methy I testosterone, fluoxymcstcrone (cnl), oxynketh- 
olone (oral), stanozojol (oral and parenteral). meUiandros- 
tenulone, ethyleslrenot, and rtoielhandralone {see Table 
7-1). Examples of nnnalkylaicd anabolic steroids include 
testosterone, methenotane, dromosianokme. and nandro- 

lone (parenteral). 


Ttixkity Versus EfUcacy 

HepaUHoxidty is line most common serious adverse effect 

associated with androgenic m anabolic steroids (Majerus 
c( al., 1996: Wilson, 1996). Toxicity flanges from mild 
increases in clinical laboratory tests to hepatocellular carci 
noma (in humans). Drugs alkylated at the 17-carbon posi¬ 
tion are more likely to cause heptfotoxicity. Although the 

mechanism is not known* (lie drugs or their metabolites 
may be carcinogenic oi may increase the metabolism of 

other drugs, to carcinogenic or hepaiotoxic compounds. 
Cholestatic liver damage occurs early and can be significant 

but is apparently reversible if the drug is discontinued 
before irreversible hepatic lesions develop, 

Masculinization is a major undesirable (or desirable) 
silk effect of anabolic steroids in humans {Bagatelle and 
Brenner, 1996; MajerUs et al, 1996; Wilson, 1996), Viril¬ 
ization can occur hiii is seldom objectionable in dogs or 
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cats. In ..logs ;md cuts, aruibulic steroids increase libido in 

males interfere wiih the female reproductive cycle* and. 
cause ma.stulinization of fetuses if administered during 
pregnancy. Other undesirable consequences of anabolic ste 
n>id therapy in dogs include hyperplasia of the perineal 
glands and sdmulalion nf androgen-dependent tumors, such 
as anal carcinoma*; and pntstaiic carcinomas- In humans, 

edema due to water retention occura {Bagatelle and Bren- 
nei. 1996: Majerm et al. + 19%; Wilson. 1996). 

Clinical Indications 

Human recombinant EFO has largely replaced anabolic 
steroids in ihe treatment of chronic anemias, particularly 
those associated with renal disease. Anabolic sicroids are. 
however indicated for treatment of chronic, nonregenera- 
luc anemias thal fail to respond lo EPO; for animals that 
react adversely to EPO; or for hemruopoietic diseases ifut 
are not typically associated with decreased concentrations 

of EPO (Majerui et aL 1996; Wilson, 19%J. Fifty percent 
or more of human patients with aplastic anemias who have 

failed conventional therapy of anemia have respondent to 

anabolk steroids fMajetus et aL 19%: Wilson, 19%). 

Anabolic steroids have been used in conjunction with anti- 
caiicer chemotherapeutic drugs in order to protec I bone 
in arrow production of RBCv, ihu\ allowing longer and 
perhaps more toxic chemotherapy (Bagatelle and Brenner, 
19% Madras et aL 19%; Wilson, 1996), Anabolic ste¬ 
roids presumably help decrease the catabolic effects of 

cancer Freatmcnl several weeks before cancer vheniafbtT- 


apy may enhance response to anabolic steroids. Use of 
anabolic steroids for cancer has not been established in 
dogs and eats. 

Hematopoietic response to anabolic therapy is variable, 

and the time to clinical improvement is long, frequently 3 

or more months Cellular it) of tbe boive marrow appears to 
determine rate of response to anabolic steroids, CesMitiim 
of therap) may result Lit recurrence of the underlying dis¬ 
eases. Among the anabolic steroids, nandrotone decanoate 
has the greatest hematopoietic effect (Majcrus et ah, 1996; 
Wilson. 1996 }. Leukocyte and thrombocyte counts may 
increase after therapy w:ih anabo]ic steroids, although 

these effect> lire slower in ousel and levs likely, particularly 
for thrombocytes, Danazol is ihe anabolic steroid of choice 
in the treatment of thrombocytopenia, especially that which 
is immune mediated. Beneficial effects probably include 
impaired clearing of IgG-lube led platelets and decreased 
antibody formation. Response Lo therapy may take sever a] 
months, and relapse may occur when datuuol therapy is 
discontinued Anabolic steroids and. in particular, danazol. 
have been used with some benefit For patients with hemo¬ 
lytic anemia. Benefits include not only expansion of ihe 
KBC mass hut also impaired complement aciivation and 
binding lo RBCs. Human patients suffering from anemia 
due to renal disease respond lo continutxi* adminikiration 
of anabolic steroids. Red bkx d cell indices improve as 
well as appetite, muscle mass, and strength. 

In general, the following approaches should be uwd 
with anabolic steroid* in dogs and cats {see I able 7-1 ), 

State restrictions regarding ihe use of these drugs should 
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be observed, Nandnilnne decanoate is ihc drug of choice 
except in cu>.us of thrombocytopenia. for which danazol is 
the drug of choice. Several months of therapy may be 
necessary before a clinical response is observed- The dove 

should be decreased once ihc maximum therapeutic eft eel 
occurs Relapse o! disease may occur once the drug is 
discontinued, and he pat mm icily is a potential contraindica¬ 
tion for use of these drugs, 

DRUGS ACTING ON COAGULATION OR 
CLOTTING 

Hemostatic Drugs 


Hemostatic drugs arc used to prevent or attenuate bleeding 
They can be administered either as topical agents or sys- 
[cm really ]u general, topical agents either act as a factor 

in the coagulation cascade or stimulate some aspect of the 
coagulation cascade (Fig. 7-51. 

Topical 


Figure 1-1. tjcJlium ffcvrmJcrs in jmlK lal %-lnKtWlil nuliii ihul ifUl i aIl-s 

the cloRiftE process. 


Lyophili/ed concentrates of one or more clot tang factors 
are available as topical preparations- These preparations 

usually provide an artificial factor or structural matrix thai 
facilitates cloning (Fig. 7-6). An intact hemostatic mecha¬ 
nism is necessary for their efficacy Ibese are absorbable 

products and are indicated for capillary oozing from small, 
superficial vessels* Examples of concentrated factors in¬ 
clude thromboplastin l prothrombin is converted to throm¬ 
bin, used locally in surgery l. thrombin (converts fibrinogen 
to fibrin; available as powder, solution, or sponge), and 
fibrinogen, Examples of artificial matrices include absorha 
hie gelatin sponge and oxidized cellulose (treated surgical 
gauze that promotes clotting) (Fig 7-7), 

Astringents act locally by precipitating proteins These 
agents do not penetrate tissues and thus arc restricted to 
surface cells. They can be damaging to surrounding tissues. 

Examples include ferric mi I fate, silver nitrate fo.g.. sticks; 


big, 7-H). and combinations that include tannic acid k\g , 

STA). 

Epinephrine and norepinephrine are hemostatic drugs by 

virtue of their vusuctinttrictive effects. They may be in¬ 
cluded in topical medications to decrease blood flow to 
the tissues. 

Systemic 

V 

Fresh blood or blood components are hemostatic drugs 

only in slates of (coagulation) factor deficiency. Examples 



figur* I-t PtnUueO tWl contain lilvfsr nitrile (ihowA hetrl. lanniL *tkt 
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include plasma (contains electrolytes, albumin, and some 

coagulation factors), fresh frozen plasma (plasma in which 
factors V ,uid VII are stable), cryopreci pirate. and platelet- 
rich plasma fsce Chapter 6). 


Vitamin K + Vitamin K is a hemostatic drug only in 

instance* of vitamin k deficiency. It is necessary for he¬ 
patic synthesis of coagulation factors 11, \ El, IX, and X 
(Fig. 7-9). Several forms of vitamin K are available for 
therapeutic use. Vitamin K : , (phytonadtonc). the plant form, 
can he given pare literally and orally. It is nvore effective, 
and is effective at a faster rate, than other analogues. 

Anaphylactic reactions have, however been reported with 
intravenous administration and should be particularly antic¬ 
ipated in preparations containing polysorhate HO, a known 
histamine rdeaser in dogs. The drug can also be given 
intramuscularly. The effects of vitamin K, occur within I 

hour of administration (Adams, 1495; Sisson and Thomas, 
1445), allhough several hours are needed to resolve bleed¬ 
ing tendencies due U» coagulation protein deficiencies. 

Vitamin K : (incnaquinunc) is the natural animal and 
microbial form of vitamin K Mtamin K, tmenadione t is 

the synthetic harm and must be metabolized to the active 
state. Vitamin K» usually is absorbed too slowly to be used 
effectively in acute conditions, but it can be used for 
chronic therapy once the acute crisis has been resolved In 

states of hypocoagulation, vitamin K, is the preferred form 

administered either subcutaneously or orally (3 mg/kg sub¬ 
cutaneously in multiple sites followed by I mg/kg every 
24 hours parcnterally or orally) (Greene and Thomas, 
14951, Fat will enhance the oral absorption of vitamin K, 
The most common use of vitamin K is treatment of 


rodenticidc 


poisoning 


according to the toxicant Tuxicities from rodemiciites con¬ 
taining coumarin or warfarin should be treated for 4 to 6 



re 


days; intoxication with diphacinone or 

quires treatment for at least 14 days (Greene and Thomas, 


1995). For toxicity with longer acting rodenti dries fi.e., 
indandiones), the dose of vitamin K is often reduced for 


subsequent weeks (Greene and Thomas, 1445 k 0,5 mg/kg. 

week 2; 0.25 mg/kg. weeks 3 and 4, Prothrombin time 

should be monitored for 2 days after vitamin K is diseun- 

■ 

untied to delect residual roden tickle toxicity. Screening 
tests should remain normal for 3 to 4 days after therapy 

has been, discontinued. 


Protamine Sulfate, Protamine sullatc is a low molecu¬ 


lar weight, positively charged drug thai binds to heparin, 
forming a sail and neutralizing j|* anticoagulant effects. It 
is used as a procoagulanl only in instances of he pari n 

overdosing. Protamine should be used cautiously because 
it also has anticoagulant activity, probably by impairing 
thrombin and fibrinogen. It is difficult to dose accurately 

because the dose is based on the amount of heparin to he 
antagonized (1 to !.5 mg protamine for each I mg of 
heparin), In addition, the dose decreases as time elapses 

alter heparin was administered (Adams, 1995b}. No more 

than 50 mg should be given in a 10-minute period. 

K-h-arginine 

vasopressin), a synthetic analogue of vasopressin used to 
treat central diabetes insipidus, also transiently elevates 
serum concentration* of urn Willebnind factor The maxi¬ 




ssm 



mum response occurs I to 2 hours after treatment. The 
increase is sufficient to provide improved coagulation ac¬ 
tivity in animals suffering from von Wi lie brand disease 
that undergo surgery (Greene and Thomas. 1495) Desmo¬ 
pressin cause* the release of preformed von Willebrand 
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factor from endothelial cells and macrophage* Repetitive 
administration results in depletion of the storage pools and 
loss of ptocuuguliint effect (Greene and Thomas, 1995). 

FibriirolvsSii Inhibitors. Fibrinolysin inhibitors prevent 

the activity of plasmin (tibnnoly mu ) and therefore promote 
the persistence of data (see Fig, 7-5). Aminocupfoic acid 
is one of the few examples. Its therapeutic use in 1 joined 

to treatment after an overdose of a fibrinolytic agent. 


Antihemostatic Drugs 

Drags used to limit the formation of thrombi include anti¬ 
coagulants* thrum holy tics, and aMithrom botic s. 

Anticoagulants 

Anticoagulants interfere either directly or indirectly with 
the clotting cascade (see Fig. 7-6). Several in vitro antico¬ 
agulants are used for blood, collection intended for transfu¬ 
sion therapy and should be considered as drugs. Examples 
include citrate phosphate dextrose, acid citrate dextrose, 
sodium citrate, and heparin, AH 1 except heparin (see bier) 

act by effectively removing Ca : ' from the cascade system 

isec Chapter 6). In vivo anticoagulants include heparin and 
the vitamin K antagonists. 

Heparin 

Heparin i* a lictcnugciicous mixture of sulfated (anionic) 
polysulfated glycosaminogl yeans (PCAG) (Fig. 7- 10). 
Glycu&aminoglycans a family of structurally diverse 
and distinct polyanionic complex carbohydrates. Included 

in (his group are heparin, heparan sulfate, chondroitin 4- 
Milfete. chotidroitin u I fete, dermatan sulfate, and hyalur¬ 
onic acid, h ac h is composed of repeating polysaccharides 
consisting or an amino ^lagar and ironic ackl. Endogenous 
synthesis results in multiple compounds that vary in the 
lengths of carbohydrate chains. Hepai in and heparan sulfate 
are the most complex members of tins- d.tM of compounds 
and are characterized by the greatest biologic diversify 
(Tyrrell el al. t , 1995). 

Heparin was named because of its initial discovery in 
high concentrations in the liver, ll is stored in mast cells, 
along w i(h other PGAGs such as chondroitin and dermatan 
sulfate. Heparin is also stored in the body in basophils ami 

to a lesser extent, in vascular endothelium. Tissues with 

high concentrations of mast cells serve as a source of 


heparin. Commercially available heparin is prepared from 
porcine intestinal mucosa and bovine lung. Heparin is often 
located attached to serine residues of core proteins (e g., 

coagulation factors). Heparan sulfate proteoglycans Lire 
more diverse in location. They are an integral port of 
stroma] matrices, basement membranes, and almost all cell 

surfaces where they provide cohesion between vessels and 
vascular stroma fTyrrell ct aJU 1995), 

Heparin js composed of alternating sequences of sutfo- 

aminuglycosaminc and uronk acid units, smaller amounts 
of ^acetylglucosamine (see big. 7-l0|, .and a unique pen* 
lasaccharidc sequence that binds to antilhrombin III (ATill) 
and serves as the active site of the molecule. The number 
of active sites is variable. The molecular weigh! of heparin 
varies from 1800 to itMXIU daltons. Smaller molecules 

(18(10 to 5500 daltcns) have a very high affinity for ATI 11 

and comprise less than 5% of endogenous heparin, They 
are variably referred to as inw-molecutar-wcighi polymers 
vuc fractions. Low-molecular-weight (LMWi heparin can be 
filtered ami separated from higher molecular weight hepa¬ 
rin. Preparations of heparin also contain contaminants such 
as dermatan sulfate. Some of ’these compounds also have 
anticoagulant activity, albeit less than be pm i n (Freedman, 
1992). 

Mechanism of Action. Heparin and heparan sulfate 
proteoglycan interact with cell surface-binding proteins 
(which are not necessarily true receptors) and are internal¬ 
ized into cells by receptor* mediated enriocytosis. Heparin 
in re facts with many proteins, probably by electrostatic 
forces between the poly ionic groups of the glycoramino- 
glye&rt and the cationic groups of proteins. Example pro¬ 
teins include proinflammatory chemokines, growth factor, 

extracellular matrix proteins, and leukocyte proteins, Inter¬ 
action between heparin and proteins is best exempli fled by 
the anticoagulant actions of heparin (Tyrrell et dJ.. 1995)., 
The mechanism of action of heparin as an anticoagulant 
is indirect. It facilitates the endogenous serine proteinase 
inhibitor ATI 11 by binding to aminolysyl residues md hepa 
rtn cofactor II (HC|I> (Fig. 7-11). These antico^gnlairts 
normally form stable complexes and subsequently inhibit 
clotting factors (thrombin being the most important) By 
binding to the anticoagulants, heparin changes their confor¬ 
mation. exposing active sites so that the velocity, tat not 
magnitude, of interaction between ihc nnticougulants and 

dotting factors is increased. The rate of interaction can 
increase 1 (1000-fold in the presence of heparin. Heparin is 

not destroyed but is released to interact with other mole 
cities., leaving behind in inactive ATI! I-serum protease 
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complex. Whereas ATIU inhibits factors IX, I, XL and 
XII and kaltikrein. the HCII complex interacts only with 
thrombin. He pan n greatly enhances inhibition of factors 
Ha and Xa but also inhibits factors IXa anti Xla. Low- 

molccutor-weight hepann fractions are more patent antico¬ 
agulants than are high-molecular-weight til MW i tractions 

4 Freedman, 1992). However, the HMW hepan ns may be 

more effective anticoagulants because their Large structure 
facilitates binding of both ATIU and thrombin simultane¬ 
ously I Adams, 1995bh 

He pari n s have an an [[platelet effect due to a high affinity 
for platelet factor IV Most he pan n preparations also inhibit 
platelet aggregation and negate the effects of platelet' 
derived growth factor on vascular smevnth muscle. Thus, 
beparins are also referred to as plate let-active anticoagu¬ 
lants, Heparin* also hind to vascular endothelium, causing 
release of two other endogenous PGACs and altering vas¬ 
cular endothelial permeability (Freedman, 1992). 

Heparin has other effects not related to its anticoagulant 
activity. In human patients, its use is being considered for 
prevention of atherosclerosis and lor accelerated formation 
of collateral circulation in the presence of thrombosis (an¬ 
giogenesis) (Folkman and Siting, 1992; Freedman, 1992). 
Heparin can inhibil or modulate selected targets of an 
allergic inflammatory response, including neutrophils and 
T cells. Derivatives of low anticoagulant activity block 
suptroxide anion generation, probably by interacting with 
supemxide dismulasc. Heparin appears to block mast cell 
degranulation by altering intracellular calcium release 
through blockade of inositol 1,4,5-triphosphate receptors, 

He pan its .i ppe [u to decrease leukocyte adherence to vascu¬ 
lar endothelium and facilitate leuktscyte migration along a 
chc Humaciani gradient (0 site* of in Ham mat ion (Tvrrell 
el td„ 1995). 

Hepann also appears able to influence tumor cell metas¬ 
tasis. Tumor cell invasion from ihc vasculature probably 
involves host degtadative enzymes. Among the enzymes 
are liepari Bases, which large! heparin and heparan s-ulfkite. 


Exogenous heparin inhibits the hydrolysis of heparan sul¬ 
fate. He pari ns with low anticoagulant activity have reduced 
the metastasis of several tumor types in various experimen¬ 
ial models (Tyrrell el a!., 1995). 

Smooth muscle cell proliferation such as that which 
accompanies atherosclerosis and bronchial asthma is influ¬ 
enced hy heparin and heparan sulfate (Burden and Btihler, 
1988). Both exhibit an ei proliferative effects for smooth 
muscle of the vasculature (including pulmonary), airways, 
intestine, and contractile cells such as fibroblasts and renal 
glomerular mesangial cells. Antiproliferative effects can he 
correlated with molecular size and sulfation of heparin. 
Endogenous hcpann has been implicated in diseases char¬ 
acterized hy smooth muscle proliferation. Manipulation of 
selected members of the hepanns may offer a therapeutic 
altemalive to treatment of this, disease (Tyrrell el al,, 1995). 
Heparin liberates Lipoprotein lipase and can decrease serum 
triglyceride concentrations t Adams. 1995b). 

Drug Disposition. The complex chemistry of heparin 
leads to complex disposition. Absorption and distribution 
of heparin are limited by its large size and polarity Studies 

characterizing ire elimination are generally based on re¬ 
sponse to therapy (i.e.. changes in the activated partial 
thromboplastin time [APTT|. However, more recent studies 

in animals have been based on detection of the drug in 

blood (Kellciman ct al M I996l. Absorption ol heparin aflcr 
oral administration or by aerosoli/ation is negligible; as 
such, heparin is a "parenteral' anticoagulant. Heparin is 
metabolized by bepanna.se in the Ireer and by reticuloendo¬ 
thelial cells Metabolites of heparinase activity are excreted 
in the urine. The elimination half-life appears to be molecu¬ 
lar weight dependent, with LMW compounds having a 
half-hfe two to three limes that of endogenous heparin 

The half-life is prolonged in renal or liver failure (Freed 

man. 1992). 

Preparation*. Because heparin is a heterogeneous mix¬ 
ture. only about 3.Vf of the molecules m the drug prepara- 
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lion inhibit coagulation. and correlation between heparin 

plasma concentration and anticoagulant activity is not pos¬ 
sible. Correlation between dose and response is further 
complicated by differences in effects based on molecular 
weight. Lhe concentration of heparin is standardized by 
bioassay as units of activity Heparin is available as a 
sodium or lithium salt The sodium salt is usually the 
preferred preparation for in vivo use. 


Side Effect* and Toxkitks, Heparin stands out a 

drug that will interact with many other drugs, Heparin 
should not be mixed with any other drug. Hemorrhage is 

the rnajsir complication of heparin therapy* occurring in 
18% to 22b of human patients receiving heparin (Freed 

man, 1992), Hemorrhage is less likely to occur with low 
dosages and constant intravenous infusion ois opposed to 
l nterm: tten t i n tra vent his ad mi n i strat 11 hi j. Hy persensiti vity 

may play a role in hematoma formation (Grodman-Gross 
and Sastri. 1987). The incidence of hemorrhage can be 
reduced by (I) confirmation of the need for therapy; f2> 
use; of the appropriate dose and frequency; <3) avoidance 
of combination therapy with other antihemo&iaiic drugs, 
including aspirin and other salicylates: and (4) monitoring 

of the effects of thcrap) w th c lotting or coagulation tests. 

At high doses, heparin is also antithrombotic. At higher 

doses, the APTT can be useful for assessing the likelihood 
of hemorrhage Monitoring APTT is less useful when low 
doses of heparin are given. Heparin is contraindicated for 
thv bleeding patient and for disseminated intravascular coa¬ 
gulopathy (DIO unless replacement blood or plasma ther¬ 
apy is given (sec later discussion of clinical indications) 
Excessive therapy (theoretically) might be treated with 
protamine sulfate, a compound that complexes with hepa¬ 
rin. It is dosed according to die amount erf heparin to be 

neutralized (see discussion of protamine earlier). 

Phrom hocytopcnia has bccti reported in 5# to 30*# of 
human patients receiving heparin and is more likely to 
occur with bovine as opposed to porcine preparations 

(Freedman, 1992; Grcinacber et al„ 1992; Shumate, 1995). 


Two typos (type 1 ami type II, similar to type A and 
type B adverse reactions) of thrombocytopenia have been 
described. Several days of therapy art" necessary for type I 
thrombocytopenia to occur, it resolves once lhemps is 
discontinued. Type I thrombocytopenia may occur less 
frequently with LMW heparin*. Type II lhrombocytopenia 
occurs in fewer people, is more severe, ts rapidly fulminat¬ 
ing, and is characterized hy a longer time to onset (ft to 10 

days>. Type H thrtmnibticytopenia may be an allergic re¬ 
sponse to the secondary and tertiary structures of heparin 
and has caused paradoxic thrombosis I Freedman, 1992). 
As with type 1 thrombocytopenia, the incidence of type 11 
thrombocytopenia is likely to be less with LMW heparin* 
A small number of human patients have developed 

skin necrosis with both unfracUtmalcd and LMW heparin* 

Lesions arc similar to those caused by toxic epidermal 
necrolysis and can he lethal. The cause is unknown. 

In human patients receiving long-term therapy, heparin 

has induced osteoporosis. The mechanism is not known 
l mil dues nut seem lu involve prostaglandin E?. The effect 

is more dramatic with unfrae donated he pari ns. Low-molec¬ 
ular* weight heparin* have an “osteopenia or ealrium- 


sparing effect, although the sequelae and nature of this 

effect Are hot characterized (Freedman, 1992k 

Heparin (both LMW and fractionated products) causes 
increased scrum alanine transaminase and aspartate tram.- 
aminasc levels in up to 93% of human patterns receiving 
heparin, The increases peak approximately 7 days into 

therapy and then return to normal, with no obvious detri¬ 
mental! clinical sequelae. Heparin also interferes with and 
falsely increases bile acids. When used as an in vitro 
ami coagulant, heparin falsely increases blood urea nitro¬ 
gen, bile acids, and sodium and potassium sails. Finally, 

heparin can interfere w ah several hormones. It interferes 
with thyroid hormones, causing decreases in both thyronine 
and thyroxine. It is a predictable and potent inhibitor of 
aid o sic rone secretion in human patients, causing natntnvsis 
and the potential for hyperkalemia, particularly in predis¬ 
posed patients (Aull et al Ff 1990; Osier el al., 1995), The 
effects of heparin on the renin- angiotensin-aldostero m sys¬ 
tem may he responsible for its um (hypertensive eFleets 

(Suxic ci al., 1993), 

Clinical Indications and Use, Clinical indications for 
heparin therapy include the prevention or treatment of 
venous or pulmonary embolism (eg. nephrotic syndrome. 

autoimmune hemolytic anemia, hypoadrenocorticism. or 

heart worm disease) and atrial fibrillation with embolization 
|c|. ( feline cardiomyopathy) and as an anticoagulant for 
diagnostic use and blood transfusion. Heparin is used in 
conjunction with blood and plasma for the treatment of 
DlC. Heparin remains the drug of choice when rapid anti¬ 
coagulant activity is necessary In acute thrombosis. Heparin 

nnt only prevents further thrombosis hut also facilitates 

resolution of the thrombus, promoting recanalization 

through activation of tissue plasminogen activator (Freed¬ 
man. 1992) and stimulating angiogenesis. Efficacy of ther¬ 
apy docs not seem to be related to the anatomic location 
of the thrombus. 

Low molecular-weight heparin* (e.g,, enoxaporin) have 
been studied in humans. Advantages when compared with 
HMW heparin* include specificity of action; better absorp¬ 
tion after subcutaneous injection, and prolonged elimina¬ 
tion half-life Reduced incidence of bleeding has also been 
suggested as m advantage of LMW heparins, although this 
is controversial [Frydman et al , 1988; Freedman, 1992). 

For thrombosis, heparin is administered poremerally; 
deep subcutaneous or inirafai injection prolongs persistence 
of therapeutic concentrations. Large hematomas can occur 
with deep intramuscular injection. Heparin is also adminis¬ 
tered intravenously, either intermittently or as a constant 
infusion. In human patients, the use of weight-based nomo¬ 
gram* to determine initial and maintenance heparin infu¬ 
sion rales results in a higher percentage of palknls reaching 
the targeted activated thromboplastin lime (ATT? range 
earlier in the course of therapy (Gunnarsson et ah, 1995) 
Monitoring is particularly important to establish effective 

Doses range from 150 to 250 U/fcg in dogs and from 

250 to 375 LVkg in cats every' 8 hours The dose of 
heparin in normal cats necessary to maintain therapeutic 
ciHicentrarions of heparin (as established in people. 0,35 to 
0,7 \ /mL) in one study was 300 U/kg of heparin every 8 
hours (Kdlermar et al., 1996). Monitoring APTT is less 
useful when tow doses of heparin arc given In human 
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patient', (and possibly dogsh the dose of heparin necessary 

to control coagulation may he greater than that in the 
normal patient who is not suffering from a coagulopathy 

(Mungalt et aL IWj. 

] or moM cutises ot thromboembolism, therapy is more 
likely in he successful in patients if heparin is administered 
al a rate U> cause I he ATT time to be L5 to 2.5 units 
baseline or the activated dolling lime (ACT) lo he J.2 lo 
I 4 times baseline IGunnarsson et al., 1995; Hawkins. 
I995j. A haw?line should he esta.bli.shc4 before therapy 
is begun, and monitoring should occur 2 hours after a 
subcutaneous dose. Replace mem of ATI II should accom¬ 
pany heparin therapy when indicated (e,g,, nephrotic syn¬ 
drome, 1310.. Gradual discontinuation of heparin therapy 

has been recommended to avoid a ‘‘hypereuagulablc' stale 
(Hawkins. 1995) Long-term heparin therapy can he accom¬ 
plished at home with subcutaneous injections, or warfarin 
iherapy can be tmplemenied (see later discussion of vitamin 

K am agonists l, 

For prevention of pulmonary ihromboeinbolism* heparin 
can be administered at a lower dose (30 to 75 U/kg). 
Monitoring ACT or ATT may not be useful at these doses 
Hemorrhage, however, remains a potential side effect in 

at-risk patients (i,c„ those undergoing surgery ), 

In patients suffering from severe heart worm disease, 
low dose heparin given 1 lo 2 weeks before treatment 

and 3 to 6 weeks after treat maw improves survival rates 
compared with no treatment and with aspirin therapy (Raw¬ 
lings and Calvert, 1945 k In the event of thrombosis associ¬ 
ated with aduEiicide therapy, heparin should be adminis¬ 
tered (50 to 70 U/kg every & hours! for at least 7 days 
(assuming trie platelet count increases In alnivc 150,(KM)/ 
m an ; ). 

The use of heparin fur treatment of DIC remains contro¬ 
versial (Greene and Thomas, 1995), Its efficacy foe DIC 
depends cm adequate concentrations of ATI 11 of 

normal!. Replacement therapy with either whole fresh 
blood or fresh or fre>h frozen plasma is indicated il ATIll 
levels are not normal or for actively bledding patients. A 
loading <k^e is generally followed by a maintenance dose: 
the loading dose can he preincubaied with blood or plasma 
in order to maximize effects on ATI!!. Mamie nance dosing 

should be based on changes in APT! ralhei than on 4 lived 
dose. This is particularly true in patients suffering from 
DIC because the synthesis of cefaclors varies among pa- 
items with DIC, Although normal dogs respond rapidly to 
heparin therapy, identification of changes in APTT in DIC 
patients may be difficult. Neutralization of heparin with 

polybrene (hexadimethrine bromide) (Greene and Thomas. 

1995l can be used to distinguish changes in the APTT due 

to heparin from those due to DIC once a baseline APTT 
has been established, (lie APTT should be prolonged by 
1.5-fuld to 2-fold. The dose of heparin should vary with 
the severity of DIC, ranging from 5 to 10 U/kg to 750 to 
1000 l,7kg (severe with organ damage due to mi- 
crothrombosis) every 8 hours, Heparin should not be 
abruptly discontinued in patients with DIC because of the 
risk of rebound hypercoagulability associated with ATIll 

deficiency. 

Nonafflicoagulant uses of heparin are increasing in hu¬ 
man medicine. Anecdotal repons in humans indicate that 


heparin can be beneficial for the treatment of asthma and 

a! lergic inflammation... 

Vitamin k Antagonists tOnri Anticoagulants) 

The oral utiticoagulanis differ primarily in their dura lion 
and magnitude of effect Studies of their importance in 

veterinary medicine have focused primarily on ihc:r ionic 
rathci than their therapeutic indications fSchulman el al.. 
1986k although these drugs arc being used increasingly to 
treat thromboembolic diseases. 

Chemistry, The vitamin K antagonist* consist of two 
groups: the coumarin derivatives (dtmumaroL and warfarin) 
and (he indandione anticoagulants. Both, interfere with I he 
liepatic synthesis of vitamin K-dependenl clotting factors 
11. VIL IX. and X and anticoagulant proteins C and S (sec 
Fig, 7 9) (Aull et al., 1990), They block the reduction of 
vitamin K by vitamin K epoxide after its use in factor 

synthesis* thus effectively reducing the concentration or 
vitamin K. Two points are important hased on this mecha¬ 
nism, First, the anticoagulant activity occurs only m vivo, 
and, second, there is a delay in anticoagulant activity (and 

therefore therapeutic or toxic effect) for 8 to 12 hours 
because of life persistence of factors synthesized before 
administration. Factor VII has the shortest half-life and 
therefore is the first factor to become deficient. Antithrom¬ 
botic effects occur in I to 6 days after therapy is begun, 

however, as scrum concentrations of factors IX and X 

decrease. Serum concentrations of the anticoagulant protein 
C also decrease., but more rapidly than dotting factofs. thus 

possibly rendering the patient + ‘hypercoagulable.' Heparin 
therapy might be used for the first 2 to 5 days after warfarin 
therapy is begun to avoid this hypcrcougu table state. 

Disposition. The vitamin K antagonists are rapidly and 
completely orally absorbed, Warfarin is 75.000 rimes more 
soluble in water than is dicoumarol Jind is characterized by- 
much better oral bioavailability (Adams. I995h). Peak lev¬ 
els oci ui in I !i-mi There are, however, marked differences 

in product biua variability. and products should be inter¬ 
changed with caution. For products used as rodenticides, 
warfarin derivatives often have a drug half-life up to 7 
days, whereas the indandione diphacinone has m dimina¬ 
tion half life of 30 days tSchulman et al.. 1986), All cou- 

marin derivatives are highly bound to serum albumin, hm- 
iting the distribution volume lo plasma volume. Viiumin K 
antagonist* are metabolized by the liver to inactive metabo¬ 
lites by the cytochrome P450 system and subsequently 
conjugated to glucuronidc. They undergo an enteroheputic 
cycle. Warfarin has not been studied in dogv and cats 

Preparations, Vitamin K antagonists arc prepared for 
therapeutic use a* tablets and solutions K\g„ warfarin, 
dicoumarolk They are, however, more commonly used as 
oral rodenticides. 

Drug Interactions. A variety of factors can increase 
the activity of warfarin anlicoagulanLs, Hypopruteincmia, 
antinu c rob salt herap y, be patio disease, h y pe r tu e tabo I ic 
slates, pregnancy, and ‘.be nephrotic syndromes are some 

example- Drag interactions arc most significant when used 
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therapeutically fur throw v treatment Because they arc 
highly protein bound, they will be displaced by (or will 
displace) oilier drugs that arc protein bound, and their 

anticoagulant effects may be increased to the point uf 
toxicity. Examples include acctylsalicylic acid and other 
nonsteroidal an li-i n W ammainry drags. Drug in teracti on a oc¬ 
cur wjih other asti hemostatic agents. 

Clinical Use* Clinical use of the coumarin derivatives 
in dogs and cats is increasing as monitoring techniques 
improve and doses arc refined. The high incidence of 
recurrent thromboembolism in cats receiving aspirin has 
led to renewed interest in the use of warfarin for manage¬ 
ment of arterial thromboembolism. Currently, cardiologists 

are recommending use of warfarin even in the absence 

of prior thromboembolic events once adequate left atrial 

enlargement Cleft atrial to aortic: ratio < 2) has been con¬ 
firmed by echocardiography ■ Harpster and Batv, 1995). 
Thy drug is discontinued if atrial size should normalize 
(ratio of > 1.25). 

Warfarin therapy for humans is cbaracicrizcd by doses 
that vary as much as 20-fold Variability should be antici¬ 
pated as a result of species differences in drug disposition, 
warfarin preparations, the target disease, and the presence 
of other drugs dial may potentially interact with warfann- 
Accurate dosing sttnuld be based on drug-response moni¬ 
toring. For long-term anticoagulant needs, or in combina¬ 
tion with heparin (100 LVkg every 8 hours) for acute 
treatment of thrombocnibol i mr, warfarin can be adminis¬ 
tered at 0.1 to 0.2 mg/kg (or one fourth to one half of a 
l.U-mg tablet in cars) orally every 24 hours (Karpster and 
B si v, I995; Si sson and Thomas, 1995 ), 

The prothrombin lime IPT) should be measured at base¬ 
line, Heparin therapy (when also being used} may prolong 
Ihe prothrombin (as well as ACT and ATTl. but a baseline 
should slill be established, Warfarin therapy should be 
monitored by 4 to 5 days of therapy. Beginning monitoring 
earlier may help detect changes more easily. Monitoring 
techniques should be standardized An optimum sampling 
time of 2 hours has been recommended (Harpster and 
Baty, 19951, The target response to warfarin therapy varies. 

Recommendations have included an increase in baseline 

prothrombin of 1,3 to l b times beeline to 1,5 to 2.5 times 
baseline (Harptier and Baty, 1995). 

A standardized approach has been recommended hased 
on an intemaiional reference preparation of standardized 
human brain thromboplastin. An International Normaliza¬ 
tion Ration (INR l is determined for the patient dNR = 
patient proihromhin/control FT'A where US] is the Interna¬ 
tional Sensitivity Index of the thromboplastin control used 

to determine the prothrombin. The ISi is prosided by the 
manufacturer of (lie thromboplastin control. Standardiza¬ 
tion is important because controls can vary by more than 
twofold, A target INR of 2.0 to 3.0 has been recommended 
for prevention of feline thromboembolism while minimiz¬ 
ing the risk of bleeding Either the dose or the interval can 

manipulated to achieve the target INR (or prothrombin) 

Tablet size restrictions may, however, make it difficult to 
fine-tune warfarin therapy. The dosing interval might he 
prolonged to as long as 48 hours for some patients 
(Hawkins, 1995). Heparin therapy can be discontinued ap¬ 
proximately 3 days after warfarin therapy is begun; pro¬ 


thrombin should be expected to decrease as a result. After 
the patient is sent home, monitoring can he decreased to 

2-week intervals. 

Warfarin therapy Jins been combined with aspirin to 
[real or prevent recurrent thromboembolism or increased 
risk of thromboembolism. Although the combination is 
rational* the risk of bleeding is intensified Not only are 

both platelets and coagulation factors targeted with this 
combination, hut drug interactions between these two 
highly protein-hound dings can also complicate safe ther 
upy. 

Toxicity* Toxicity manifested as hemorrhage has been 
the major veterinary medical concern with vitamin K antag¬ 
onist Secondary poisoning resulting from the ingestion of 
a rodent that has eaten treated boil is the most common 
cause of toxicity. Toxicity can also occur however* b> 

overdosing warfarin for treatment of thromboembolism* 
Treatment for anticoagulant nodenticide toxicity is symp¬ 
tomatic and specific. Specific therapy U vitamin K. Vitamin 
K, H 4 very effective antidote, but it must be given as long 
as the anticoagulant is present in the body at toxic levels. 
This time varies* depending on the drug, from several days 
to several weeks after ingestion Vitamin Kj (menadione) 
is much le•-s expensive but is also far less effective and 
never should be used as the sole antidote in cases of severe 

coagulopathy. Treatment with vitamin K will preclude the 

therapeutic benefits of w arfarin for up to 3 weeks 

Fibrinolytics (Thrombolytic*) 

Fibrinolytic agents increase the activity of plasimti (fibri 

milyun). the endogenous compound that is responsible for 
dilisolvjng clots (Witty et al.* 1994),. 

Streptokinase and Strtpiodomase 

Streptokinase and &treplodornate are synthesized by 
streptococcal organisms. Urokinase is prepared from cul 
lures of human renal cells, Streptokinase* slieptodornuse, 
ami urokinase arc used in the treat mem ol wounds that do 
noi respond to antibacterial therapy, bums, ulcers, chronic 
eczemas* ear hematomas, otitis externa, osteomyelitis* 
chronic sinusitis* or other chronic lesions. They am avail¬ 
able as powders for local or systemic administration. Strep¬ 
tokinase may be useful for the treatment of feline ihrcwuHo- 
embolic disease, lit an experimental model* streptokinase 
reduced mean thrombus weight after administration of a 
loading dose (90,000 lU/catl and a constant maintenance 

infusion of 45,000 1U (studied only for 3 hours). Clinical 
use of streptokinase his not been repealed (Sisson and 
Thomas, 19951, 

Tm m FUumuwgtn Activator 

Tissue -type plasminogen activator (tPA) activates plas¬ 
minogen bound to fibrin. Its use should he limited to cases 
of thrombosis (rather than prevention). Some studies have 

indicated a potential use for tPA for dissolution of thrombi 
in cals, but side effects need to be minimized before gen¬ 
eral use. of the drug can be accepted. Although 5Cl% percent 
of cats w i th spontaneous aortic thrombosis treated with tPA 
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(0.25 lo TO mg/kg per hour for a total dose of 1 to 10 mg/ 

kg) had resolution of clinical signs, 70^ of the cats treated 
died from reperfusion injury 1 , heart failure, or other side 

effects i Sisson and Thomas, 1995k 

Clinical Use 

Cost and lack of refined doses and selcciivity have 
limited the use of thrombolytic drugs for treatment of 
(pulmonary ) thrombi mlxilism in dogs and eats. 


Antithriimlsntks 

Platelet activity is controlled by substances generated both 
outside and inside the platelet. Adcm5phosphate, prosta¬ 
glandins, and thromboxane, serotonin, and cAMP and GMP 
are generated within the platelet where they interact with 

platelet receptor^ or with the platelet itself. Modulation of 
all platelet activity can be achieved by interaction wilh 
these compounds. Drug 1 ' used to modify platelet activity in 
veterinary medicine include aspirin and related compounds. 
Tidopidinc has been used empirically (results not vali¬ 
dated) but not studied. Propranolol has been found to be 
ineffective as an inhibitor of platelet activity (Allen ei uL 
1985; Greene and Thomas. 1995). 

Ticlopidine is an antiplaiekt drug studied extensively m 
human patients with thromboembolic diseases. The drug 

appears to affect platelet membranes and limits pi ale lei 

aggregation in response to a number of stimuli (Adams, 
1995i. Inhibition occurs in 2 to 5 days and is irreversible, 

A dose of 62 mg/kg every 24 hours inhibits platelet aggre¬ 
gation in normal animals, but higher doses may be neces¬ 
sary in the presence of thromboembolic disease (Adams, 
1995: Boudreaux et al„ I99lai Dipyridamole is a vasodila¬ 
tor that inhibits cAMP phosphodiesterase and increases 
cAMP in the platelet. When used alone, it minimally af¬ 
fects platelet activity, but acts syncrgisticatly with aspirin 
to inhibit platelet activity i Boudreaux ct ah, 1991b). 

Aspirin causes an irreversible and thus long-lasting neg¬ 
ative effect on platelet activity; which is clinically mani¬ 
fested as prolonged bleeding time Aspirin irreversibly in¬ 
activates prostaglandin G and H synthetase, the enzyme 
ihai catalyzes the initial conversion of arachidofik acid to 
thromboxane A». Two types of this enzyme are present: the 
constitutive form responsible for conversion of urachidonic 
acid to prostaglandin H (and ultimately thromboxane) and 
an inducible form that activates cells in response to growth 
factors during inflammation. The an:s pi ale lei effects of 
aspirin result from acetylation of the constitutive form of 

the enzyme (Fatrorio. 1994) Platelets are riot able to syn- 

thesize proteins and thus cRiKlot regenerate the enzyme 

necessary for thromboxane formation. The irreversible na¬ 
ture of platelet inhibition allows aspirin administration to 
occur at 3-day or Longer intervals. Reduced formation of 
the v arious dcosanoids responsible for platelet aggregation 
and coagulation accounts for I he variety of different phar¬ 
macologic (therapeutic and toxic) responses to aspirin. Side 
effects of aspuin can, however, he minimized by taking 

advantage of the dose-response relationship between aspi¬ 
rin and its many phannacologic effects. 

The anti plate let effect of aspirin can be separated to a 
large degree from its other actions by admin i si nil ion of a 


low dose (0.5 mg/kg every 12 hours in normal dogs; 10 
mg/kg in heariworm-infested dogs; 25 mg/kg twice weekly 
in cats) (Jackson. 1987; Pairono, 1994; Adams, 1995b). 


Although evpenmenial studies reveal antiplatelet activity, 
clinical response is variable (Rawlings et af, 1983a, bl. 
Aspirin, however, remains a component of therapy directed 
toward prevention and treatment of arterial thrombosis 
(Chastain. 1987; Patrono, 1994; Hillman, 1996), including 
severe pulmonary arterial thrombosis associated wmh heart- 

worm disease (Rawlings and Calvert, 1995). Coupled with 
cage confinement, aspirin (4 to 6 mg/kg per day) adminis¬ 
tered for 2 to 3 weeks before caparsolate therapy may 
improve survival after treatment (Rawlings and Calvert. 
19951. Aspirin is still the most commonly used drug for 
prevention of arterial thrombosis in cals (25 mg/kg orally 
every 72 hours) despite the lack of clinical proof of efficacy 

(Sisson and Thomas. P/951. Recurrence of thrombosis may, 
however, be as high as 75%. 
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INTRODUCTION 

The jLonJ of antimicrobial therapy is U» achieve effective 

concert [rations of an appropriate dang at the site of infection 
ft bile avoiding toxic concemnitinns uf drug in pi a -• m i or 
organs. Fvery decision concerning anitmicrobial therapy 
for the infected patient can he chal lenging I Table 8 - h. 
Fach decisiitn must take inlo account micrubiaL drag, and 

patient factor lie., the chemotherapeutic in angle} (Fig 
8-1 and Table 8-2 h ideally, antimicrobial selection Is 
bused on spectrum of microbial activity, patient pharmaco¬ 
kinetics, and drag pharmacodynamics. The terms tinfihi- 

mk\ unttixirttritiiL and antimivtnhml are often used inter- 
cliyng r ab 1 y, allhongh thc \ actual Iy hu 1 . e diffcrent 
meanings, Antibiotics are chemicals produced by organisms 
intended to suppress other organisms* (generally bacterial. 

Tab I* B 1. Decisions To Be Made During Antimicrobial Therapy 


1. DclomiiK 11 k ii. l-.I (a jisiiitk ■'r ,i Uki ipv 
2 Helermsnr the ■ymnx of infrcUOn and • .vi: nrgarmm 

Lrnjiincal therapy 

CuJmrf j[M ■ium cfnibi h I > letting 

I Axse** clitiiL jl sojuM 

Immune -■< n u 
Ph> 

Orgsin s susceptible ti? HJikity 

4 Utlcmunc hus* fiitnift .fcir--iv.Mil to dra. rlljcvy 

Difficult to penetrate urjfans 

M-i-i'i i' ..n l. t4 ml[jJtiiflaiuHi id ihe site 

5 Select Ihe .. i ■ ■ -1 . ■ ■ ■ .1 

Sanpk versus comhnwlKNl Ihcrapj 

Prog tyurmauAiucrio* 

f>. rVlrnTuiK' rrjrinien 

7. Aaieti response 
1.1 licacy 
Tbxktty 

S. Rcrviil rale .miimicnibial pnxwrt 
9, Dbccwtiftue ibuupy 


hut rot exciusiveH vif. The term anitmkrobwt refers to 

any compound, whether natural, synthetic, or semisjm- 
thciic, thai will suppress growth of microbes. Mitrohes 
generally refers to bacterial organism* hut alvi includes 

fungal and oiher organisms. 

The first question to be addressed m the selection of in 
antimicrobial is the need for therapy ]ir is beyond the scope 
and intent of this chapter io determine whether or not 
aniimicrobial iherapy is indicated Fever, inflammation, 
dysfunction of organs as based on cli lical Mens or clinical 
pathology; luh! structural changes as indicated by radiogra¬ 
phy or other imaging techniques support but do not conclu¬ 
sively prove infection. Cytology, especially with Gram 


Table 8-2. Criteria for AnturmkFciliial Soleidi-JH I General I 


Msrmhal faclnn 

Turgd [w^anGm 
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K-.».i i...■ 

tlift-fc of disAi^ i in ilru^ di^himltoA 
Elfcv Is of nn drag Imicily 

Scvcnry tllncsiv 
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V tMTiibtlity 

Bnrcmmi^aUil ■: I >. • 

[•II V.II I'piclcncc 

Drue ficinr* 
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RkMSLUKi: 
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Ruuii; uf vl.aji i.-1 -im 
Cunvfmcticc 
[Oihrliv 

ir 

Av^ildhility 


V 


A E lit-nipeut jl \ \ppmiidi 




□fug 


Organtsm death 


Figure t-V In cutitiaM lo other drug iherj. 

pics, qnlEiniLTnhijLl [herjp> involves non 
uni) the hcnl ami diuj: hul aL«> tJ%c mi¬ 
crobe ] infractions arm mg i he ihrcc tom 

pile iiflc uhtcurul aittimiiLruhud LhcrapY- 



slain mg. and cultures mn he used to document the presence IDENTIFYING THE TARGET ORGANISM 

ti-f organisms, but evidence of infection still must be nude 


Empirical Antimicrobial Therapy 


based on, other supportive data. The definitive support for 
LuitimicmhuJ therapy is clinician discretion. Cytology that 
reveals organisms phagocyt ized by neutrophils or mononu¬ 
clear cells is supportive of infection. Predominance of Giee the need for antimicrobial therapy has been identified, 

mononuclear cells may indicate chronicity of the infection. the first decision to be made is to identify the target 


suggesting more aggressive therapy. This chapter empha¬ 
sizes the rational basis for decision making in the selection 


organism. Therapy can he empirical based on historical 
data (Table S—3 > or based on organismv idem Died by cul- 


of [he proper antimicrobial, lndiscriminani use of antimi- lure at the site of inkvtion (big. 8-2) (Yushikawa, 1984). 

crobials is discouraged for many reasons, among them Careful clinical evaluation of the patient may reveal the 

being the risk of superinfeclion. development of resistant source of infection. Although oral, respirator), skin, and 

organisms, cost, inconvenience, and increased host toxicity. urinary tract infections may be identified easily, bacteremia 
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Figure 1-2 SueotvifuJ ruttimkrobud 
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the ijjvct oritaniun. Hauitiutijan 
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Tahiti fh3, Normal Flora and Clinically Significant Infections by Organ System iOcgs and Cats I 
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Tabla B-3, Normal Flora and Clinicallv Significant Infections by Organ System (Dogs and Catsl Concrmed 
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and gastrointestinal infections l\tc more insidious 
et al., 1989; Kapusnil el al, 1989), 




Ihc bacterial organism (Fig. 8-4) (Neu, 

I,PS is ihc source of endotoxin rc^pons ifile lor ihc 




The rote of a proper!) collected specimen Ehm has uin- uy and mortality associated with many grimi-negative un¬ 
dergone Gram staining shook! nut he overlooked when fections. Both local and systemic effects can profoundly 

antimicrobial therapy is considered. A single organism in- alter successful therapy, (see Chapter II). 

die ales the need for antibiotic therapy: multiple organisms Identification of organisms without the benefit of a 

may represent contamination of the sample, floral cokmi/a- Gram stain or culture is problematic. The source of infec 

lion, or a polymicrobial infection (Kapusnik et al.. 1989). lion may help guide empirical antimicrobial therapy he 

Phagocytosis of an organism can he used to distinguish cause some organisms are more likely to infect some body 
infection from simple colonization. The distinction between 
gram-negative and grain-positive organisms can he im- are often infected with gram-negative aerobes, whereas 
porliml. Gram stain characteristics differ according lo the abdominal infections generally are caused by gram-nega- 

l h ick ness of the cell wall (many layers thick in gram- live aerobes initially arid then anaerobes (see Table 8—3) 


systems more 






positive compared with several layers thiek in gram-nega¬ 
tive organisms) and the presence of an external lipopoly- 


(KapuMiik et al., 1989; Greene. 1990) 



or 



ise immunoincompeleni patients are more 



saccharide (LPS) covering in grain-negative organisms that lo he infected by aerobic gram-negative organisms. Patho- 
is not present in gram - posit i ve organisms (Fig. 8-3). The gens often reflect the normal flora of infected sites: Escke* 
externa] covering is also a barrier to drug movement into richia ro/i h Pseudomonas aeruginosa, Klebsiella pneunwn- 
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me r and Staphylococcus aureus (sec Table 8-3 > or, 
particular I > in critical patients, organisms from the alimen¬ 
tary canal or nosocomial organisms (Schimpff et al., 1989), 

Nosocomial organisms are characterized by complex resis¬ 
tant patterns that require more expensive and potentially 

toxic drugs for effective therapy. Without the benefit of 

specific organism identification, broad-spectrum or combi¬ 
nation antimicrobials with a low incidence of resistance 
and toxicity should he selected for empirical therapy, A 

target organism should, however, be identified even if it is 
a presumed organism. 


Culture and Susceptibility Testing 


Hi nod, uiiTue. re spiral on secretions | collected by bronchos¬ 
copy) and other pertinent body lluids (be,, pleural, perito¬ 
neal or cerebrospinal fluid |CSF|i should be carefully sam¬ 
pled before antimicrobial therapy is begun Colonization 

by normal flora (sec Table 8 3} can be difficult to distin¬ 
guish from infection wiih normal flora using culture tech¬ 
niques. A pure growth is indicative of infection, particu¬ 
larly if greater than KT colony-forming units are present 
per mJL of sample. Colony counts are not feasible for 
most [issues (exceptions include urine). Cultures yielding 
successful growth only alter incubation in enriched nutrient 
broth might he indicative of colonization only, not infec¬ 
tion. Culture and susceptibility testing can prove beneficial 
if the infecting microorganism is resistant to the selected 

antimicrobial; the dose of the drug requires modification; 
or an equally effective, but less expensive drug is available 
(Washington. I9tw>, Repetitive cultures might be used to 
document ami microbial secondary resistance that develops 
during therapy. Culture and susceptibility test tug is particu¬ 
larly critical for patients that recently have been receiving 

antimicrobials. Even if antiinierobkil ihcrapy must begin 


immediately, culture and susceptibility dal a collected be¬ 
fore the start of therapy may still be important to therapeu¬ 
tic success For example, initial antimicrobial therapy is 
changed after receipt of culture and susceptibility data in 
up to 35^ of critical care patients (Hardie, 1996), 

Culture and susceptibility testing not only identifies the 
infecting organism! s) but also provides specific data regard¬ 
ing drug efficacy. The distinction between anaerobic and 
aerobic organisms is important because some drugs are 
effective against one group hut not die other Ic.g., fluori¬ 
dated quinolorves and aminoglycosides are not effective 
against anaerobic organisms; metronidazole is effective 
only against anaerobic organisms). In addition, infection 
by anaerobic organisms may indicate a microenvironment 
that negatively impacts drug efficacy (see later discussion). 


K-5) (Acar and Goldstein, I996i The concentration of (he 
drug in the agar correlates with the minimum inhibitory 
concentrations (MIC) of the drug. The agar is streaked 
with a standardized inoculum of the cultured organ ism . 

The concentration of the drug decreases with the distance 
(zone) diameter from the disk. Microbial growth that is 
inhibited by the drug will result in a roue of no growth 
(diameter, in mi Mi meters) that surrounds the disk. Antimi¬ 
crobial growth thai is inhibited at a large diameter indicates 

a susceptible organism because it is likely that the drug 

concentration in the agar that inhibited growth is low 

enough that it can be achieved safely in the patient- Growth 
inhibited only as the disk is approached indicates that a 
higher concentration of drug must be achieved in the pa¬ 
tient, If it is unlikely that this concentration can be reached 
in the patient at the recommended dose, an “R” is desig¬ 
nated for the drug. The zone sizes at which an organism is 
considered resistant is established by the National Commit¬ 
tee for Clinical Laboratory Standards according to stringent 

criteria and generally can be correlated with an MIC of (he 

drug isce tube dilution method). The disk diffusion method 
thus might be considered a sent'quantitative method in that 
drug concentrations achieved in the agar surrounding the 
disk can he roughly correlated with concentrations 
achieved in the patient serum. Not all organisms grow 
sufficiently rapidly for agar gd diffusion techniques, Gen¬ 
erally, only rapidly growing aerobic organisms can be 
tested using these methods. 

In contrast to the disk diffusion method, the tube dilu¬ 
tion method provides quantitative data regarding the 
amount of drug necessary to inhibit microbial growth (Fig. 
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zone correlated with 
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Interpreting Culture and Susceptibility 
Tests 

Two methods uf bacterial culture, disk diffusion and lube 

dilution, are generally implemented. Each method provides 

different information. The disk diffusion method (e g, T 

Kirby Bauer i uses disks impregnated with a known amount 

of drug that diffuses into the agar at a known rate (Fig, 


Suittpdbte 

Figure ML The agar plain method of euhure jikJ wsecptiNLily ic\tnt£ 
Dru£ diffusion from chc di*k rcvilh in concentrations, !h#l higher 

cto-vC tu the disk and ^dually tWrrasc the dumclcf ud [he iufiC 

surroundi(if the disk increases Kesi\M,nt organism* can guw dose tu iht 
disk despite hidi drug concert! at mat in the agar. whereas susccpUNc 
organi• ms will be inhibited, ai n standard distance from (he disk Ctwhen- 
tranons in the agar cnrrrlaie with thr minimum inhibit'*) conceit trad on 
l MIC i of rhe Jrujf. 
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8 - 61 (Amsterdam. 1996). Tubes of liquid media con lain 
decreasing concentration of drugs. The concentrations in¬ 
crease serially by half Ttie tubes are inoculated with a 
standard number of the infecting bacterial organisms. Mi¬ 
crobial growlh is allowed to continue for a standard lime, 

after which each tube is observed for evidence of growth.. 
The tube* w i(h (he lowest concentration of drug (hat exhibits 

no observable growth contains the MIC tin pg/mL) of the 
antimicrobial for the organism cultured from ihe patient 
(Neil, 1994; Amsterdam, 1996). The MIC provides a target 
concentration on w hich antimicrobial therapy can be based 
A particular organism will be inhibited at a range of MIC\ 
(Table H—f s. Thns t the MIC of amikacin tor any other drug) 



for an £ coii is different for each strain of £’, cat*. The 
MIC,, and M1C V , of a drug reflect the MIC necessary 

inhibit 9(FS and 5 ON, respectively,, of the strains reported. 

For this statistic to be established by the National Co mmit - 
tec for Clinical Laboratory Standards (NCCLSl. an ade* 

quale number of organisms tat least 100) should be tested. 

The tube dilution method can also provide information 
regarding the ability of u drug to kill rrather than simply 
inhibit) an organism, The minimum bactericidal concentra¬ 
tion (MHO is the smallest concentration of a drug that 
will kill the organism. It is determined hy plating cash tube 
that contained no visible evidence of growth. The smallest 
concentration that yields no growth when plated is the 
MBC. For drugs that arc bactericidal (sec later discussion), 
this concentration is very dose (e g., one tube dilution 
away) to the MIC. 


Break point MIC 

The efficacy of an antimicrobial depends on the relation¬ 
ship between drug concentration and the MIC of the drug 
li.c, the minimum concentration that will inhibit the in 
vitro growth of the organism) The drug concentration at 

(he site of infection presumably must at least equal the 
MIC in order to be effective (Fig, 8-7). Thus, the plasma 


drug concentrations (PDO must be sufficiently high to 
ensure adequate tissue concentration Ideally, the concen¬ 
tration at the tissue site would be sufficient to achieve the 



MBC. This implies that the efficacy of an antimicrobial 

canncri be solely based on in vitro testing. K at her, efficacy 

must also take into account the dimes) pharmacology of 

the drugs to be used to treat the infection. Drug absorption, 
distribution, and cl i mi nail on become pertinent, as do drug 

toxicity and host factors at the site of infection. 

The "breakpoint MIC" lakes into account the clinical 
pharmacology of a drug as well as the susceptibility of the 
organism to the drug. The breakpoint MIC might best be 
understood as the approximating drug concentration that 
can reasonably be achieved safely in the plasma using the 

clinically accepted dose and route tWiedemann. 

The MIC breakpoint for a drug, or the upper limit for 
susceptibility, is established by the NCCLS. Although it 

provides a basis for interpretation of MIC, it must meet 

several criteria. The breakpoint MIC must be lower than 

the concentration of the drug achieved in blood when 
administered at clinically accepted doses and routes (see 
Fig, 8 7), The MIC breakpoint should be within the limits 

of microorganisms with similar susceptibilities. Finally, the 

MIC breakpoint must be clinically relevant, that is T the 

microorganisms Jclined as susceptible should respond clin¬ 
ically to the dreg, and in vitro data must correlate ade¬ 
quately with in vivo findings (Wiedemann and Atkinson, 



Whereas the MIC is specific to the organism cultured 

and the drug of interest, the breakpoint MIC is specific to 

the host and drug. Thus, the breakpoint MIC of a dreg is 
generally the same for any organism (Fig. 8-8 and Table 

8 5). An exception is sometimes made lor organisms thul 

are particularly resistant to some dregs te g,, SuiphyfiK W- 

<us species that produce |£-lactamases* increasing resis¬ 
tance to penicillins). In such cases, two different MIC’ 

breakpoints might be offered (sec Table 8-4). For all organ¬ 
isms, both a “susceptible" breakpoint (below which the 
organism is considered susceptible) and a "resistant" 
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Figurt 17. liieaJI}, pla> inn ami tibiae dmii 

cnncenEraUom surpass the mm i mum inhthi- 
mry cone ctitnakKi iMIO of ihc organ run jnd 
for many Jrups Ua\ above the MIC 1 of the 

iv^nj mti thnMighoul nuM of die doMn$ irtfcr- 
val. 



Time 


breakpoint (above which the organisms Lire resistant) are 
reported for a drug (see Table 8-5 L with a "gray'" ^one of 
intermediate susceptibility often occurring between (he two 
breakpoint MICs (see Table 8-5 b Care should be laken 
when the MJC of the organism approaches the resistant 

MIC. unless the site of infection is one where the drug is 
likely to concentrate in active form. Breakpoint MIC data 
generally can he obtained from sources such as the Physi¬ 
cian 's Desk Refe rente (if the drug is approved for humans). 


the professional flexible labels on newer animal drugs, and 
the laboratory that provides the mierobiologic data. The 
laboratory that will provide the culture and susceptibility 
data should be contacted regarding the breakpoint values 
used in their tests. Drugs should be selected such that the 

dosing regimen will result in a PDC" that suflieiently sur¬ 
passes the MIC hut remains safely below a toxic concent ra 
lion. 

h>r susceptible organisms that have MlCs that are geti- 
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Table (r-S, Ph a rmact. kinetic Data and interpretive Standard* (or Disk Diffusion end Equivalent M nimum 'nn■ bstory Goflcenfratfan [MCI 
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t pally achievable in serum (i.e., below the break point) with 
lhc recommended dosing regimen, the use of the drug may 
he appropriate li would, however, be inappropriate to 
ignore other considerations, most notably host factors and 
iheir impact on drug efficacy. ^ well as characteristics of 
ihe drug itself and its ability K> reach the she of infection 
in active forn- Thus, MIC data are one of many tools that 
should be used to facilitate antimicrobial therapy, 

Organisms that are resistant to a drug are not readily 

amenable to treatment with that drug b&aiiAc their growth 


will not tie inhibited m the breakpoint MIC Indiscriminate 

dose increases to surpass the MIC or to achieve the MR-0 

of & drug intended to treat a particular organism is inappro¬ 
priate, Additionally, the risk of toxicity to the drug may 
outweigh the potential benchft ol therapy with this drug, 

Many organism and drug combinations exhibit a paradoxi¬ 
cal effect when drug concentrations exceed the MBC As 
drug ^onccntraikms increase, the killing effect of the drug 

decreases. probably because of impaired protein synthesis. 
Impaired synthesis inhibits growth of the organism and 
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renders it less susceptible to the lilting effect. Additionally. 

juvt because ifrfef MIC of an organism is not shelved in 
{issues iii«s not mean that a therapeutic benefit will not 

be realised, Foi some ding and organism combinations. 

impaired antimicrobial activity (growth, adherence. toxin 
production, of susceptibility to phagocytic actions) occurs 
at subtherapeutic coticentrations (Amsterdam, 14%). 

Note that the MIC breakpoint is based on a single dose. 
Information regarding susceptibility bawd on that dose is 

not like y to apply to a higher or lower ditse, hot example. 

the MIC breakpoint lor cnttifloxacin is based .in the dosc 
of 2.5 mg/kg, but the new flexible label extends io 20 mg/ 
kg (Bouthe. 1999a), Thus, susceptibility data for cnmflox- 
acin may grossly underestimate efficacy at the higher dose 
unless new breakpoints recently established by the NCCLS 
to reflect the flexible label enroftoxacin -.ire being used by 
the testing laboratory isee Chapter 4 and Table 8-51. Like¬ 
wise, is aminoglycoside therapy once daily becomes the 
norm rather than the exception, susceptibility data based 
on older 8- or 12-hour doses may underestimate efficacy 
of 24-hour (higher) doses. Note that all drugs do not have 

NCCLS guidelines. Often ft lab will select a prototypical 
drug to represent a drug class, However, assuming similar 
patterns of efficacy among drags in the same class may 
not be appropriate in nanny cases. 

Evaluation finite Relative Efficacy of 

Antimicrobials 

The relative efficacy of antimicrobials against a specific 
organism cannot be determined based on absolute MICA, 
which will vary among the drugs (see Table 8-5.1., fun 
example r Pseutltmiotitis in Figure 3-8 is not. more suscepti¬ 
ble to cnnulloxocin with an MIC of I pg/itrL compared 
with amikacin with an MIC of 1 icg/mL. Minimum inhibi¬ 
tory concentrations among the various drugs differ in the 

name organism lor a numbci of reasons, for example 

molecular weight (one drug is simply heavier than another), 
differences in drug penetrability into the organism, and 
mechanisms of antimicrobial action (Levisort and Bush, 

1989). MICs for different drugs must be compared in the 
context of the breakpoint for each drug Chow far from the 
breakpoint MIC is the MIC of the drag for the organism 'I 
l or problematic infections, more ideally, the MIC of the 
organism might be compared to tissue concentrations of 
drug in llte larger tissue in order for relative efficacy to be 
compared among drags. With certain caveats, the MIC data 

dial accompany culture data can be used several ways to 
enhance ihempeutic success with an and microbial: 

I Lbc relative susceptibility of the organism cultured 
from the patient to a particular drug can he compared with 
the susceptibility of the organisms reported in the literature 
(e.. \i .„ MIC^m i.c., how susceptible is this E. t t*U compared 
with another E. cult to amoxicillin?). 

2. The relative susceptibility of the organism can be 
compared among each drag listed in the susceptibility 

report (he., is lhi> E. colt more susceptible to amoxicillin 
nr gentamicm?J. 

5. MIC’ data can indicate an increasing pattern of resis¬ 
tance iic, is this / colt as susceplible to amoxicillin on 

this culture us it was when cultured 2 weeks ago?). 

4. A dose of a toxic of expensive drug can be estimated 


h:wed on the distance between the MIC of the organism 
(or the reported MIC*, if the identity but not :he MIC of 
the infecting organism is known) or it can be calculated 

fat the. particular organisms (Thompson. 1989, Brown. 
1987: Schenuig cl al., 1991), This exercise cun be used to 
maximize efficacy (e..g , with aminoglycosides), lo mini¬ 
mize toxicity, and to minimize antimicrobial expense by 

establishing a minimum yet potentially effective dose of 

drag Usee later discussion of enhancement of antimicrobial 
efficacy l. 

Often a susceptibility report will reveal an organism to 
be susceptible to several drags. The decision regarding 

which one to use' can be facilitated by compart son of the 

relative susceptibility to each drug. If a Stciphylncf*rtus 

exhibited an MIC of H p,g/inL to both gentamicin (MIC’ 

breakpoint 16 jig/mLl and amikacin (MIC breakpoint 64 
(xg/mLi, amikacin would be the fetter choice because the 

distance between the MIC and the breakpoint is much 
greater for amikacin than for gentamicin. Establishing rela¬ 
tive efficacy among drags in the same class is facilitated 
by the assumption that the disposition and toxicity of the 

dings in the class will be the same, and thus host and drug 
effects will be similar. Comparison of the relative efficacy 
among drugs of different classes is more difficult because 
of differences in drug disposition and susceptibility to 
environmental I Actors at the site. However, the same ap¬ 
proach can be used but the selection further modified by 
host and drug considerations. 

The relationship between the MIC or MIC** of an in¬ 
fect mg organism to the breakpoint MIC (or, if not avail¬ 
able, to peak FIX': can also be used to modify a dosing 
regimen The closer the MIC is to the PDC, the higher the 
dose of the antimicrobial should be to facilitate adequate 
drug concentrations m the infection site. 

The d i ffei ence betw een an M 1C of 16 v ersus 32 rng/niL 
may seem quite Large (particularly in the context of PDCst 

hut in fact it represents only one tube dilution difference 
This observation exemplifies one of the hazards of overin- 

lerpreting susceptibility data. If ihe MIC of an organism is 

close to the breakpoint, variability -n interpretation may 
result in an *‘S" (sensitive) or "MS'" fmedium or interme¬ 
diate susceptibility) designation by one laboratory but an 
"R M (resistant) by another. Thus, drags to? which an organ- 

ism is MS (or the MIC is close to but below the breakpoint) 

should be avoided, with one exception. The exception 
occur* when the drag can be concentrated at the site of 
infection well beyond the MIC measured in the in vitro 
test, which reflects MIC breakpoints established in plasma. 
The best example of such a situation is the use of a drag 
that is renally eliminated (biliary eliminated) to treat a 

urinary tract (biliary tract) infection. Concentration of se¬ 
lected drags by white blood cells (e.g,, fluorinaied qtiino- 
tones, macrolides) may also result in a much higher drug 
concentration m the tissue site than in (he plasma. 

The MIC of an organism may da tier with subsequent 

infections in the same patient. An MIC may change during 
the Course of infection in a pal Sent: an increase may simply 
be a difference in interpretation (especially if die difference 
is onh one tube dilution), but it might also he interpreted 

as the development of resistance against a drug. In such 

instances, antimicrobial therapy might be altered by atldi- 
tii?n of another drug or a change to a more effective drug. 
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For polymicrobial infections, the MIC of u drug is likely 


and efficacy fur aminoglycosides arc maximized by a large 


to he different for each infecting organism (see Table 8 5). PDC/MIC or inhibitory quotient \perhaps best defined by 


An organism with a lower MIC for a given drug should be 
easier to inhibit than an organism with a higher MIC for 
the same drug. 


the ratio of PDC/MIC necessary to inhibit (he organism i 
and then a drug free period ti e., a long interval 



doses) (Fig H-9> (Sc 



1991; 


As can be seen by the previous discussion, the tube beck el al,, 1993; Moore el al.. 



dilution method of suscepfibilit) testing can provide quite 
a hit of information to facilitate antimicrobial selection. 

Automated, rapid insiunictitated methods are becoming in¬ 
creasingly available to practitioners interested in suscepti- crohials (Amsterdam, 1996; Thompson, 1989; Craig and 
bility testing. Ideally, the concentrations studied in liquid Gtidmundsson, 1996)* Presumably, the dosing interval 

media should include a wide range, approximating the should equal ihe time for which FIX are above the MIC 

range of MlCs established lor the organisms ( 


contrast, the efficacy of many ^lactams is enhances! by 
continuous drug administration or shorter dosing intervals. 
The PAE can impact the dosing interval for some aniimi 
crohials (Amsterdam, 1996; Thompson, I98 1 



plus the duration of the PAE (Brown, 1987). The PAP* may 
8-51. Concentrations tested should ideally include and ex- be absent for some organisms or some patients (e.g., some 



iced by at least one dilution step the 

(rations in biologic fluids (Amsterdam 


st range concern 

1996). Unfortu¬ 


nate ly. some of the new automated systems do not truly 


test for susceptibility, Rather, they test over a very short 

range of concentrations that are dose to the breakpoint 

Such tests are more indicative of “resistance’" rather than 
susceptibility and limit the ability of the clinician to dis¬ 
criminate among the effective antimicrobials. For problem 

eases, laboratories that provide in formal inn over a broad 
range of MICs should be sought, Addiiionally. the MIC 
range tested rand the breakpoint MIC) is bast'd on the 
lower labeled dose (e.g.„ 2.5 mg/kg for enmlloxacin). The 
wider the dosing range provided on flexible labels, the 
more likely the susceptibility data will underestimate sus 
ceptihilit) (when the drug is used at doses higher than 
that on which the breakpoint i% basedi, Currently, of the 
veterinary floor mated quinolones, only cm i < 1 1 oxactn has 
Nt'LL.5 established breakpoint MIC. which was recently 
modified to reflect the broad dosing range of this drug. 

Despite the importance of culture and susceptibility iti- 
formatmn. clinicians must remember that the information 
reflects in vitro testing (Amsterdam, 1996; Acar and 
Goldstein, 19%), Rcsubs can be misleading even with 
ideal culture conditions. The controlled system of the cul¬ 
ture does not occur in the patient; culture results must he 

interpreted in the context of potential host factors Mint can 
alter concentrations of active drug at the tissue site. 


Hel.itkinship between Minimum Inhibitory 
Convent ration* Pliismu Drug ( uneeniration. 

Tissue C ritieetUration, and Drug Efficacy 

PnstaivlihioEic Effects The efficacies of antimicrobials 


immunocompromised patients) (Levison and Bush. 1989). 
In addition. PAEs vary with each drug and each organism. 

Bactericidal Versus Bacteriostatic Antimicrobi¬ 
als Organisms whose growth is merely inhibited by "bac¬ 
teriostaticdrugs musi be killed by host defenses. In con¬ 
trast, organisms subjected to "bactericidal" drugs are killed 
and host defenses, while helpful, arc not necessary iTable 
8-6) (Neu, 1994). The need for a bactericidal drug for 
selected patients is well appreciated. Patients that are un- 
munodtfietent and, in particular, granulocytopenic arc de¬ 
pendent on bactericidal activity tor eradication of infection 
(Schimpff et al„ 1989} Effective treatment of infections 
in an immunoincompctcm environment also depends on 

bactericidal antimicrobial activity These environments in¬ 
clude hut are not limited to septicemia, meningitis, vah ular 
endocarditis, arid osteomyelitis (Neu, 1994k For a bacteri¬ 
cidal drug, the MIC is very close io the concentration 

necessary to kill the organism, thai is, the MBC (Neu. 

1994: Amsterdam, 1996). The distinction between a bacte¬ 
ricidal Lind a bacteriostatic drug, however, depends nn the 
concentration to which the bacteria is exposed. A bacteri¬ 
cidal drug can be easily rendered nonbactericiJal if conceit- 

the organism are not reached ai 

the site of infection. In contrast, drugs are concentrated in 
some tissues, and even a static drug might become bacteri¬ 
cidal m selected instances. 

Careful consideration must be given to factors that can 
reduce concentrations of active drug at the sate of infection 
(Neu, 1994; Brumbaugh, 1990; Korzeiuo wski, 1989k One 
method LO facilitate achievement of adequate concenlra- 




io 




is 



s use of a 


lions of drug at the site of i 


11 ‘therapeutic factor in calculating a target PDC. The them 
pcutic factor helps compensate for some of the differences 


are based on the relationship ol MIC to PDC. Although that occur between culture (MIC ) data and patient condi 


die concentrations of a drug may equal the MIC in plasma, 
concentrations may be much lower and, posx 
able by the end of the dosing regimen. Yet umimicrobial 




tions In general, the target PIX" ol a drug in a patient is 

the MIC’ of the drug multiplied by a therapeutic factor of 

4 to LOil ig. 8-10)(Neu, 1994; John, 1988; Vanhae v erbee k 


efficacy may not he impaired. Persistence of the antimicro™ et al., 1993; Mailer et aL, 1993), The more virulent the 

bial effect after brief exposure to (or the lack of detectable organism, the more immunocompromised the patient, the 

concentrations of) an antimicrobial has been termed the more serious or complicated the infection, or the more 

postantibiotic effect (PAE) (Levitwm and Bush, 1989; Craig difficult it is for a particular drug lo penetrate to the site 

and Vogel man* 1987; Craig and Gudmundsson, 1996; of infection, the greater the desired ratio of PDC/MIC 


1 inhibitory quotient i and thus ihe therapeutic factor I kapus 

nik cl a|.. 1989). For example, in a granulocytopenic 



Spivey, 1992), 

The PAE is therapeutically important for some antimi¬ 
crobials against some organisms. The duration of the PAE infected with P. pemgmt>zQ y the target PDC for an amino¬ 
di ffers among the bacteria! organisms for each drug* For glycoside (a concentration-dependent drug) in the 

some organisms, the duration of Ihe PAE depends on the might be K to 1(1 times the MIC |i,e„ an IQ of 8 

relationship between FIX'and MIC, For example, the PAH Higher inhibitory quotients should also he 
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in feel ions in tissue^ lhal are difficult to penetrate, Indis- 

c rim mate use of a large therapeutic factor should be 

avoided so that the potential for tow drag concentrations 
is minimized In general, for ionic drugs ideally the MIC 
times the therapeutic factor should result in a PDC below- 

the breakpoint MIC for that organism in order to remain 

safe Thus the closer an MIC of an organism is H> the 

breakpoint MIC for ihe drug, the less “ronm" there is for 
error and the smaller the therapeutic factor. -Yu exception 
can be made for drugs sufficiently safe that the breakpoint 
MIC can be surpassed. In such instances, a dose higher 

than that recommended on the label can be used. 

The relationships between PDC. MIC* therapeutic effi¬ 
cacy. and the PAE vary according to the drag {Schcntag. 
1991. Vogel man ct aJ. I OSH: Schottag el al.. 1991 1 . This 
variability can impact the dosing regimen for a drug as is 
exempli tied by comparison of pt-lactam with aminoglyco¬ 
side antimicrobials. Although the efficacy for aminoglyco¬ 
sides and the fiuurinalcd quirndonrs is concentration or 
dose dependent (i.c., maximizing the inhibitory quotients 
(John. 19WH; Carbon. 1992; Korzcniow&ki, 1989; Mailer cl 
id.* I99T; Ntinlstiom el al, 1990; Powell el al., 19S3: 
Blaser, 1991)* the efficacy for pdactam antimicrobials ami 
*'bacteriostatic" drugs is time dependent :u*, efficacy is 
enhanced if PDC' remains abuse the MIC for most of the 

dosing interval) (sec Fig. 8-9) (Scbentag. 1991; Carbon. 
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1992). Thus, a dose that is too low is particularly detrimen¬ 
tal with aminoglycoside or fiuonnated qumojone therapy* 
but prolongation of the dosing interval should be avoided 
for p-lactams For example* in a mouse model of £, tWi 
peritonitis* the- antibacterial efficacy of ciprofloxacin but 

twH imipenem, was improved by doubling the dose, Ihe 

efficacy of fluon rated quinoloncs appears to foe dose rv- 
lated but may also be lime related *Nttsehe et ah, 1996; 
Wetzsteiit. 1994; Marchbanks et al.. 1993 k The optimal 
relationship between PDC and MIC and the parameter (hat 

best predicts antimicrobial efficacy fc,g.., peak PDC; the 
ratio of area under die drag concentration vs. time curve 
to the organismV MIC; duration of PDC above MIC) 
have not been established definitively for all antimicrobials 
{Schenlag ei al.. 1991; Scheittag, 1991; Nitsche et al.* 
1996. WetzNtein* 1994), The clinical relevance of many 

Target Ptwdomonp* M*njgtno$s 

Desired largel PDC 8 * MIC 

Drug; Amkacin 

MIC ■ 4 \LQtmL Tirgnt PDC r 32 p^mL Vd = 0.3 Lfkg 

te ^ 0.3 Ukg * 32 jig^mL ■ 1 Q mfjitej 

Oug Enrofloxadn 

MICs 1 gg/mc Target PDC * 6 p^mL Vd = 3 L/kg 

Do» = 3 Lkg *6 119 /roL - 24 mg/kg 

Rftn 6-1 a. Th: (low of an uniitHonc can be calculated if a minin urn 

inhibitory «,«■. rr.i .R *rti (MHT) is Hvalihlr (based un su&tnpiitpiliij d*|a 

nr KpvHd MIC) and if Ihe volume of distribution (Vd) of Eli-: drug is 
kni’i'A a Nroe lhal f« orgmiuiK wuh a high MIC th .1 approaches, tail 
do« iteft reach breakpoint. the low of die antibiotic rotom mended may 
not rrswti in a plasms drag ommilnitKKi tPDO that xwftkicndy wpasKt 
the MIC (eiptcrally it a large therapeutic factor .•» desired). 'hmic drug 
vnmcj* ration* will be c«n lov IW in sodi nhMlio» thou id be 
increawd if safety is am (1 u*aem {pg/mt “ mfc/L), 
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of ihe s.mdie% locusing on the relationship between drug 

concentrations, MIC. and efficacy is locking for many 
drugs (Levin and Karakusis, l9H4i r The studies, however, 
point out ihe importance of using appropriate dosing regi¬ 
mens to facihuic antimicrobial efficacy. 


Microbial Factors Detrimental to Antimicrobial FT 
ficacy Microbes can negatively affect anlimterobial ther 
ap> either by diredly impairing antimicrobial efficacy (sec 

Liter discussion of resistance to antimicrobials) or by ad¬ 
versely affecting host response u» infection. Materials re¬ 
leased from microbes facilitate invasion. impair cellular 

phagocytosis, and damage host tissues. Most staphylococci 
associated with canine pyoderma produce "slime.” a mate 
rial that facilitates bacterial adhesion to cellv Soluble modi 

alor* released by organisms (hemolysin, epidermolylie 

toxin, kukoudmi may damage host tissues or alter host 

response. Staphylococcal organisms contain protein A, 

which impairs antibody response, activates complement, 

and causes cheuititaxis Nthtinlia sit mu fates [he tot million 


of calcium-containing "sulfur granules" thai impair drug 

penetration to the organisms (Fig. 8 I!). Pseudum/mm and 
other gram‘negative organisms produce a glyeocalix that 

protects the organism. 


IDENTIFYING HOST FACTORS 

Effects of Local Environment Detrimental 
to Drug Activity 


Therapeutic failure can occur in a patient receiving antimi¬ 
crobial therapy despite achieving targeted FIX' because 

of microbial tprevious!) discussed) and liost factor* that 
decrease the concentration of active drug at the site oi 
infection i Brumbaugh, 1990). Changes in the health of live 
host can lead to changes in drug disposition that can result 
in lower than anticipated PDCs (see C tupler 2i (Thompson, 
1989), The volume to which a drug is distributed can be 
affected by the fluid compartments, which vary with age, 
species, and hydration status Distribution to target organs 
can be affected profoundly by cardiovascular responses. 


particularly in the shuck patient. Elimination of the drug 
must he considered when selecting antimicrobials for the 
critical patient. Changes m glomerular filtration cause par 
atlcl changes in icna! excretion of drugs Scrum creatinine 
concentrations should he used to modify Jmes or interval* 
of potentially toxic drugs that are excreted renally (see 
Chapter 2) iLcspr and Zttske, I9K41 Likewise, severe 
changes m hepatic function may indicate selection of an 
antimicrobial drug no( dependetu on hepatic function for 
activation or excretion. 


Host factors at (he site of infection may profoundly alter 
drug efficacy and their presence may indicate the need for 
increasing the dose and/or interval, depending on the drug. 
The microenvironment of the site of infection profoundly 
impairs ihe activities of some antimicrobials (Table K -7} 

(Neu. 1994; Brumbaugh. 1990). Furulem exudate presents 
an acidic, hyperosmolar, and hypoxic environment thai 
impairs the efficacy ol many antimicrobials (Fig K-I2i. 
Hemoglobin and degradaiive products of inflammation can 

hind antimicrobial* (Berg an, 1981), Selected drugs, includ¬ 
ing ammogU cos ides (and probably highly protein-bound 

drugs) are hound to and thus inactivated by pu >temaccous 

debris that accumulates with inflammation. Some anti mi 
crohials can inhibit neutrophil function. Accumulation of 
cellular debns associated with the inflammatory process 
can present a barrier to passive antibiotic distribution. The 
deposition of fibrous tissue at the infected site further 
impairs drug penetrance and distribution (Fig. K i ll. 

Local pH becomes more acidic as degradaiive products 
such as lysosomes, nucleic acids, and other intracellular 
constituents from white blood cells accumulate. The effi¬ 


cacy of many antibiotics can subsequently lie impaired. In 
humans, a pH ranging from 5.5 In AS cun adversely affect 
both host defenses and antimicrobial activity. White blood 


Table ®-7. Effects of the Microenvironment on Antimicrobial 

Efficacy 
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celt oxidative hursts and phagocytosis are diminished ini 
the presence of a low pH Some antibiotics arc inactive u\ 
a low pH Eiythrcmiyem loses all of its activity in a pH 
less than 7. Simitar effects have been reported for 0-Lactam 

antibiotics. Although 0-lactam antibiotics are weak acids 

and therefore less ionized in an acidic environment the) 

are destroyed in pH 6.0 or less. The activities of cefoxitin, 
piperacillin, and imipenem are significantly less at pH 6.0 

than at pH 6 5; of these drugs, piperacillin is feast affected 
The activity of clindamycin is similarly decreased. In addi¬ 
tion. the accumulation of some drugs in white blood cells 
is impaired in an acidic environment. Changes in pH also 
lead to changes in the concentration of un-kxuzed and 
thus active drug. Weak bases such as amimglycosides and 
fluorinated quinokines are predominantly ionized in an 
acidic environment and are less effective than in n less 
acidic environment, in part because of impaired diffusibil- 


i f y 

Low tissue oxygen tension, which can accompany pus. 
reduces white blood cell phagocytic and killing activity; 
slows die growth of organisms, nuking them Less suscepti¬ 
ble to many drugs; and specifically prevents the efficacy 
of aminoghosides. which depend on active transport into 


bacterial organisms The aerobic component li e, faculty- 
the aerobes} of a mixed infection may also he resistant 
to aminoglycoside therapy because the oxidative transport 
systems of such organisms (c.g.. £. cttli) may shut down 
in an anaerobic environment. 0-Lactams arc less effective 
in a hyperosmolar environment—which might occur as 
inflammatory debris accumulates—osmotic destruction of 
organisms is reduced, 

The size of the bacterial inoculum can also influence 


antibiotic efficacy. The larger die bacterial inoculum at 
the target site, the greater the concentration (number of 
molecules) cl antibiotic necessary to kill the organisms and 

the greater the risk of antibiotic destruction by en/.ymes 
produced bv microorganisms Host response 4o infection 
and its impact on antimicrobial therapy may vary with the 
organ, system infected. For example, in respiratory tract 

infections, mucus produced by the host can directly inter¬ 
fere with antimicrobial therapy. Aminoglycoside efficacy 
may he decreased by chelation with magnesium and cal¬ 
cium in the mucus. Antibiotics may bind to glycoproteins, 
and mucus may present a barrier to passive diffusion In 
addition, some antibiotics may alter the function of the 
mucociliary apparatus either by increasing mucous viscos¬ 
ity or by decreasing ciliary activity (e g., tetracyclines). 

Antimicrobials themselves can contribute detrimental 


factors to antibiotic efficacy For example, the effect of 

selected antimicrobials on phagocytic function has been 
wdl established, although ihe clinical relevance of this 
effect is less clear lLabro, I99K) + 


Host Factors that Facilitate Drug Efficacy 

Not all host factors negatively impact antimicrobial efth 

cacy. For example, leukocytes at the site of inflammation 

nu> actively concentrate some antimicrobials (e g., macro 

lidev. 1 incosamides. and fluorinuicd qui notaries} up to 20 

to 100 or more times the PDC (Neu* 1994; Lasmon and 

Crane, IVK5; Tulkens, 1990; Hawkins ei al., 1996). Thus, 

drugs that achieve 

plasma may become bactericidal inside the cell, particularly 
against organisms that locate and survive inside cells (Fig. 
S— 141. Note, however, that drug accumulation does not 


only bacteriostatic concentrations m 
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necessarily enhance drug efficacy. Often the accumulated 
drug is sequestered into su heel tolar organelles where ii 
cannot reach the organism In addition, the drug may be¬ 
come otherwise inactivated once inside the cell The differ¬ 


ent mechanisms of action of these drugs may not occur in 
an anaerobic environment, and concentrations by the ■while 
blood colls might he impaired in an anaerobic environment. 
The fluorinated quinolunes euv an example of a class of 
drugs whose uptake by WBCs is facilitated in an acidic 
environment: these drugs are distributed throughout the 
cytosol, where they remain active. The drug will leave the 
WBCs and enter a drug Tree environment and thus may 
facilitate drug concentrations al the site of infection 
l Boothe, I 999 l Hu- effect of concentration by leukocytes 
on ex trace I lular drug concentrations has yet lo he estab¬ 
lished. On the one lurid, local antibiotic concentrations 


may be reduced as the drug is sequestered by white blood 

cells, thus reducing the concentration of drug in the extra- 
cellular fluid. It is more likely, however, that drug concen¬ 
trations will be increased as white blood cells die and 


release their intracellular contents 


IDENTIFYING DRUG FACTORS 

Mechanisms of Drug A ction 

Knowledge of the mechanism of action target of a particu¬ 
lar antimicrobial is important for several reasons, 

L The mechanism of action of a drug determines 
whether or not the antimicrobial can act m a bactericidal 
or bacteriostatic manner (assuming proper concentrations 
are achieved at the tissue site I. Drugs that are capable of 

bactericidal effects at therapeutic doses are listed in Table 

8-6. In general, drugs that target ribosomes such that bade 
rial growth is impaired (big. 8-15) tend to be static in 

action (the aminoglycosides are an exception) To be bacte¬ 
ricidal, concentrations of these drugs will he toxic to ihe 

host, 

2. The therapeutic efficacy of some antimicrobials can 


be impaired by host factors that alter the mechanism factor 
of the drug. Knowledge of the mechanism of action will 
facilitate anticipation of therapeutic failure For example, 
(^-Lactams are less effective in a hypertonic environment 
such as might occur in the renal medullary mterslitmm sir 

in the presence of i n 11 am malt «ry debris. 


3. The mechanism of .miimiuobial resistance often re 


fleets the mechanism of resistance. Identify ing mechanisms 
by which resistance might be avoided or minimised re¬ 
quires an appreciation of these mechanisms. 

4, Understanding or anticipating host toxicity can be 
improved by understanding the mechanism of action of 

some antimicrobials. 


5, A final need for understanding antimicrobial rneeba 

m s ms of action is lo provide a basis for the selection 
antimicrobials to be used in combination. Such 



should he selected based on mechanisms of action 



complement rather than antagonize one another (see laicr 
discussion). 


The cell wall is an important target for several antimi¬ 
crobials, protecting ihe hypertonic intracellular environ¬ 
ment of the organism from the hypotonic environment 
<Ncu + 1994), A v ariety of proteins located in the cell wall 

I penicillin-bound proteins} are important in the formation 
of the cell wall during div ision of growth of the organisms 
These proteins are the target of several antimicrobial 
agents. Destruction of the peptidogIy can layer, which pro¬ 
vides support to the cell wall, increases the permeability of 
the cell wall to the hypotonic environment, resulting in 
osmotic lysis of the cell Intracellular structures are also 

major targets for various antimicrobial agents, Binding of 
ribosomes, the site of protein synthesis in the cell, can 
either inhibit protein formation or result in the formation 

of faulty proteins that eventually pruve detrimental to the 
organism. The nuclear material of microbes is another 
target: Interference with cellular DNA inhibits cellular divi¬ 


sion, as w r el! as initial cellular functions. Generally, un¬ 
paired DNA synthesis, results in cell death- Other intracellu¬ 
lar targets include selected metabolic pathways such as 

folic acid synthesis, which, when interfered with, 
formation of materials vital to the microorganism 
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Drug Disposition 

Absorption 

C':irc must he taken when selecting the antibiotic that the 
disposition of the drug meets the needs of the patient isee 
earlier discussion of host factors,). The availability of drug 
preparations determines drug selection in many instances 
because not all drugs Me available for administration by 
all routes* To maximize plasma and thus tissue drug con¬ 
centration^ intravenous administration is the preferred 
route for critically ill patients or difficult to penetrate tis¬ 
sues: intramuscular and subcutaneous administration are 

the second and third choices,, respectively, Oral absorption 
of antimicrobials, however is preferred for long-term ad- 
miniMralkm, for nonhospitali/ed patients, and when drug 
therapy sc targeting the gastrointestinal tract. 

Note that although a drug may be 100% btoavaibble 
after oral administration (i.e.., the drug is completed ab¬ 
sorbed u the rale of absorption may be sufficiently slow 

that the peak el feci is minimised (although the duration of 

drug in circulation may be prolonged). Efficacy may he 

impaired, particularly for oyg tun sms wiih a high MIC 1 or for 
corkeniration-depcndeni drugs, Slow-release preparations 
either orally or parenteral! y administered, should be used 
cautiously because prolonged absorption (controlled rate of 
release) may be s<> slow that therapeutic coiKcmruiions are 

not achieved. The risk of resistance is increased in such 

situations, Topical administration is the sole route for drugs 
that are too toxic to the host to administer systemically. 
Care must be taken, however, wilh thugs applied to skin 
whose surface has been damaged. Sufficient drag absorp¬ 
tion may occur to render the patient at risk of developing 
toxicity. Drugs applied to the ear canal may be ototoxic, 
particularly in the presence of n perforated eardrum. 

Distribution 

Once in circulation., the antimicrobial must distribute well 

to target tissues (i.e.* the site of infectiont. Anatomically, 
capillaries can be categorized to out of three types, each 

representing an increasing barrier in drug penetration 
(Ryan, 199.1). Sinusoidal capillaries, found primarily in Ihe 
adrenal enrtex, pituitary gland, liver, and spleen, present 

essentialb m> barrier to drug movement. Fenestrated capil¬ 
laries such as those located in kidneys and endocrine glands 

contain pores (50 to SO om in size) that facilitate movement 
between plasma and interstiliom. Because the ratio of capil¬ 
lary surface area to interstitial fluid volume b so large* 

unbound drug movement from plasma into the inters!itium 
occurs very rapidly in these tissues - Ryan. IW Bar/a. 
]994i, Continuous capillaries, such .is those found in the 
brain, cerebrospinal fluid, testes, and prostate, present a 

barrier of endothelial cdls with a light junction (Ryan. 
1993). For such tissues, this presents ait additional barncr 
that is Jiff Milt to penetrate for drugs that are not lipid 
soluble. Muscle and adipose tissue also contain continuous 

capillaries. 

Doses for drugs generally should be higher when treat¬ 
ing infeciions in ihese tissues; particularly for waier-soluble 
drugs Comparison of MIC data with tissue drug concentra¬ 
tions may be useful wlicii designing Jitsing regimens fur 
such tissues. 


Examples or different distribution patterns cart be teed 

on differences in volume of distribution (Vtl) (Table IMS; 

see also Table 8-4). Although the Vd of a drag does not 
indicate to which tissues drug is distributed* it can be 
used to approximate likelihood of tissue penetration. For 

example, water-soluble drugs tend to be distributed only to 
extracellular fluid and thus often have a Vd that approxi¬ 
mates extracellular fluid (i.e., 0,2 to 0.3 L/kg), In contrast, 
a lipid-soluble drug can penetrate ail membrane*; more 

easily and is thus more likely to be distributed to total 
body water: Vd will often approximate or exceed 0.6 U 

kg. Drags with a Vd greater than 0,6 L/kg may be accumu¬ 
lated in tissues (see Table 8-8). Urine and the central 
nervous system (CNSI offer two divergent examples of 
tissue penetration. Urine is easy to target by drugs penally 
eliminated. Other component! of the urinary tract such as 
the kidney and* in particular, the prostate can, however, be 
more difficult to penetrate. Antimicrobial therapy of the 

Tsbl S-i, Tissue Distribution Pattern of Selected Drags 
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CMS iv very difficult although success may be facilitated 

by inflammation, which enhances drug penetration How 
ever, once inflammation resolves, drag distribution mm 
again decrease. 

t .ipid soluble antimicrobials should 'be used for infec¬ 
tions that iire more difficult to ireaU including shove associ¬ 
ated with tissue reaction m those caused by i ntracel I u Li 
organisms, and when the site of infection presents a distri 

bulion barrier. Tissue distribution of aminoglycosides and 
musi fMaclam aniimicrobiak is limited tu extracellular 
fluid; in contrast, many other antibiotics |c.g. t fl unlimited 

q ii i no I o nes, m acTol ides, and 1 1 i me t hopri m/$u t fon amide 

combinations) are distributed well to all body tissues, in 
eluding the prostate gland and eye, The blood*brain orCSF 
barrier represents a particular!) challenging site because it 
not only prevents movement of antimicrobials into the 
€NS but also actively transports out or destroys some 
antimicrobials (i.e,, selected cephalosporins) fsce Table 

8 8h 

Lmipcncm, trimcthoprim/sulfonamidc, and fluorinated 
quinolones can achieve bactericidal concern rations for 
some infections in the CNS (particularly organisms with 
a low MIC): chloramphenicol will achieve bacteriostatic 

concentrations (Le Frock el al.„ 1984), Accumulation (if 
antimicrobials in while blood cells facilitates ireatment of 
iniruce]Iular infections (Basmon and Crane, 1.985; Tulkens, 
19901 Antimicrobials that are highly protein bound te.g., 

doxycytlinei may be less rapidly effective because only 

unbound drugs are pharmacologically active and drug dis¬ 
tribution of unbound drug into the target tissue may take 

longer (Bcrgan, 1981; Craig and Ebert. 1989), Bound drags 
do not distribute into tissues; furthermore, once at the site 


of infection, the drug can become bound once again to 

inflammatory proteins. 

Drug movement into bacteria must also be considered 

(see Fsgs, 8-3 and 8 4), Gram-negative organisms offer a 
challenge different from that of gram-positive organisms. 

The efficacy of all antimicrobials depends on the drag 
reaching and penetrating the cell wall of the target organ¬ 
ism. Although the cels wall of gram-positive organisms ^ 
often relatively accessible to chemotherapeutic agents, that 
of gram-negative organisms is protected beneath several 
lay era of cell wall-as.ociated sink 1 tires Prate ins inibedded 
in the outermost membrane—known as porim or outer 
membrane proteins -form pores through which ^mall mol 

ectiles (including drags) can penetrate (sec Fig 8-4). Al¬ 
though lipid soluble drug's may be able to passively diffuse 

(to wine degree) ihmugh this outer covering as well its 

through porins, for water-soluble drugs (e g . (i-lactams and 

aminoglycosides) the porins are the predominant method 
by which drugs are able lo access the cell wall and thus 
subsequent movement into the organism (Neu, 1994). The 
si/e of porins vanes between organisms, contributing to 

flic differences in drug resistance that often characterize 

these microorganisms. For example, Pseudomonas species 
have very- small porins, which exclude the penetration of 
many drags. Hie efficacy of the extended penicillins (i,e,, 
heard Him piperacillin) resultv in part, because of theft 

smaller molecular weight and thus ease of penetration. 
Other proteins in ihc outside layer of gram-negative organ¬ 
isms act as active transport mechanisms, which may (fans 
port small molecules, including drugs, into the cell. Organ¬ 


isms can change the lipid or cationic component of the 
LPS, thus impeding drug penetrability. 

The roles of drag pK, and the cnx iron menial pH of a 

target tissue on drug efficacy have already been addressed 
Inni ration may impair drug movement through the LPS for 
drags that passively move through this layer 

Drug Elimination 

Thv route through which the drug is eliminated is in 
important consideration for two reasons. First, if the target 
Tissue is also a route of elimination for that drag, higher 
drug concentrations can. be expected at the site Second, if 
the drag is toxic io an organ of elimination, use of the drug 
should be avoided if the organ is already diseased Finally, 
if Ihc drug is toxic to any tissue, the drag should be 
used cautiously in the presence of disease in the organ of 
elimination, of dosing regimens should he appropriately 
modified, 


Resistance to Antimicrobials 

Mechanisms of Transmission 

'flw role of resistance in therapeutic failure of antimicrobi 
ills is well established (New,. 1994; Toma&z, 1994k The 
ability of organisms to develop resistance to an antimicro¬ 
bial varies with the species and strum. Resistance might he 
inherent lit acquired. Inherent resistance is exemplified by 
the lack of efficacy of aminoglycosides against anaerobic 
organisms because the drags must be actively transported 
into the cell (oxygen dependent). Acquired resistance con 
occur during the course of therapy (leading to changes in 
a culture and susceptibility pattern). 

Acquired resistance can reflect a mutational change 
(e.g., a chance mutation in the genetic material or the 
transfer of genetic malcrial between organisms), most com 
monk, but no* exclusively, in a plasmid. Mutational resis¬ 
tance occurs slowly and oflen is accompanied by othei 

changes that render the organism less \ table and thus 
more likely to be destroyed by other drugs. Transduction 
(especially by staphylococcal organisms; material is copied 
by a phage I and transformation ore less common methods 

by which organisms can acquire cxtiuchromosomal DNA, 
In contrast to mutational resistance, pi asm id-mediated re¬ 
sistance. particularly that transmuted by conjugation, is a 
clinically relevant method of transfer that impacts therapeu¬ 
tic success. Plasmid-mediated resistance in gram-negative 

organisms i.s cummon, can develop rapidly, and can be 

transmitted between species (among gram negative and be» 

tween gram-negative and gram-positive organisms), A sin¬ 
gle transfer of plasmid genetic material from a bacterial 
donor can result in antimicrobial resistance against up to 
seven antimicrobials in the recipient bacterial cell during 
therapy. 

Biochemical Mechanisms of Resistance 

The mechanisms of bacterial resistance vary and involve 
changes in porin sizes for gram-negative organisms (most 
drugs), edl wall structures, proteins (eg,, penicillin-bind 
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ing protein*)* m enzyme*, developmeni of enzymes that 

destroy antimicrobials leg,, aminoglycosidcs t [1-Lactamases 
that destroy penicillins (see 1 ig. 8-3Jh allyllrunsferaxcs 
that destroy chloramphenicol, development of efflux pro¬ 
le that pump drug out of the organism (e.g., fluorinnted 
qoinolunex and tetracyclines); or changes in metabolic 
pathways (sotl'onamides) or binding sites (i.c., on ribo 
somtri as for aminoglycosides for antibiotics) iZhao et aL.. 
IW> Cohen et at.. lUKd). Organisms are likely to have 
more than one mechanism of resistance. Indelible resis¬ 
tance is well documented for some organisms against se¬ 
lected fJ-1acuunases and: has been described against fluori- 
nated quinolones and others. Bacteria often respond to the 
presence of the antimicrobial by altering their physiology 
such that resistance occurs. One of the reasons that Pxtu 
domotuis species arc so difficult to treat is their ability to 
alter porin size in response to the presence of an anii micro¬ 
bial Smaller porin sizes preclude drug movement through 

the I,PS capsule. ^-Lactamase formation is inducible in 
StaphyifH-iH-t-us species; formation greatly increases in the 
presence of a fk-htclam antibiotic. 


Avoiding Xntiniicmhial Rcsktance 

Actions should be taken to avoid antimicrobial resistance 
not only for the patient but also for ihe medical community. 
Even if urn antimicrobial is characterized by a low iq 
nonexistent incidence of plasmid-mediated resistance (such 
as the fluorinated quinoJone antibiotics i. resistance to drugs 

takes several decades ro develop Thus actions should he 
taken proactively such that ihe likelihood of resistance 
devehoping against a group of antimicrobials is reduced 
fhc recent use ol antimicrobials for the patient should 

be considered when selecting an antmocrobial ( Neu, 3W4). 

The development of infection despite, recent or ongoing 
antimicrobial therapy suggests that ihe infecting organism 

is resistant to the antibiotic chosen or an inappropriate 
dosing regimen is being used. Basing drug selection on 

culture and susceptibility information is probably the best 
method to reduce the risk of resistance. Secondary resis¬ 
tance cun also occur during the course of antimicrobial 
therapy, however, even if selection is based on culture 
and susceptibility data, Pharmaceutical manufacturers have 
been able to manipulate antimicrobial drugs in a variety of 
ways such that resistance is minimized and these options 
can he selected in an attempt to minimize resistance. For 
example, bacterial resistance has been decreased by synthe¬ 
sizing smaller molecules that can penetrate smaller porins 
(e.j . the extended spectrum penicillins lic&rcillin and pi 
peracillinj; “protecting" the antibiotic re.g.. with clavu 
blue acid, which “draws" the attention of the 0-lactamase 
away from the penicillin); modifying the compound so that 
it is more difficult to destroy (v.g.* amikacin, which is a 

larger and more difficult to reach molecule than gentami¬ 
cin): and developing lipid-soluble compounds that are more 
able to achieve effective concentrations Al the site of ird'ec- 
ti< m i c. g., dtixyc ycliiie amt pared w ith other tel rat y cl ine s i 
Probably the single most important action that can be 
taken to reduce the incidence of restsiance is to ensure that 
adequate drug concentrations arc reached at the site of 


infection. The development of resistance in critical or 
chronic situations can be minimized by ensuring that organ¬ 
isms arc exposed to maximum drug cuncenliaitiorLs for a 
sufficient period of time. Thus intravenous administration 
should be considered in selected situations inch as life- 
threatening conditions or prophylactic therapy or for diffi¬ 
cult to penetrate tissues: doses should be maximized anti 
based on MIC and therapeutic drug monitoring whenever 
possible; and the proper dosing interval should be used for 

time-dependent antibiotics. Host factors should be consid¬ 
ered in the design of the dosing regimen. Drugs inherently 
more resistant to bactetiai inactivation should he selected 
(e.g., amikacin rather than gentamicin L Combination anti 

microbial therapy (such as (Mactamaxe- protected tuiti mi • 
c robi a J c o m bi n a lions; co m h i n a 1 1 on o f p -1a c I a ms w i tit 

aminoglycosides) also reduces the incidence of resistance. 



Because host cells are eukaryotic and the targets of most 

antimicrobials are prokaryotic bacterial cells, ihe toxicity 
of antimicrobials frequently is not related to the mechanism 
of antimicrobial action. Rather, toxicides tend to be of an 
allergic basis or due to mechanisms unrelated to drug 
mechanism of action. For example, ^-lactam antibiotics 
are generally considered very safe and should tv because 
their efficacy depends on the bacterial cell wall—a cellular 
structure missing in mammalian cells. Often, even if cellu¬ 
lar structures are present in both microbe and host, slight 
differences in the structure will result in different antimi¬ 
crobial binding properties. For example, sulfonamides and 

fluorinated quittolones tend to be safe because the antibiot¬ 
ics have a much greater affinity for the bacterial target 
enzymes than the mammalian enzymes. For selected anti- 
microbial*, however, the mechanism of toxicity can be 
related to the mechanism of drug action, particularly if the 
microbe target is similar in structure to the host target. 
For example, col is tin and polymyxin both target the cell 
membrane, which is similar enough between bacterial ami 
mammalian cells to cause toxicity. Some drugs that inhibit 
protein ■synthesis by binding to ribosomes (e g.* tetracy¬ 
clines and chloramphenicol i will cause antianabolk effects 
in (he host at sufficiently high doses. For some drugs, lust 
toxicity may occur through mechanisms unrelated to it-* 
mechanism of action yet as a result of targeting structures 
in host cells. For example, aminoglycoside toxicity occurs 
because the drags are actively accumulated in renal tubular 
cells in the same manner that they are accumulated in 
hactenal organisms, 

A less common cause of therapeutic failure as a result 
or host factors is drug-induced allergy. Some drugs directly 
cause mast cell degranulation; occasional anaphylactoid 
reactions to some intravenously administered antibiotics 
mi) reflect this reaction, which should not be considered 
a true “allergy" because it can occur with the fim dose. 
The fl toxin a ted quinokmes are associated with histamine 

release, and rapid intravenous administration should be 
avoided. Anaphylactoid reactions can be minimized by 
administration of a small first dose before therapy. In con¬ 
trast. drag-induced allergies generally require previous ad¬ 
ministration or a duration of therapy sufficient to allow 
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antibody formation to the drug, which acts as a hapten 
(generally 10 to 14 days). Few drug allergies have been 
documented in animals. Among the most notorious are 
leaning to the potentiated sulfonamides. Reaction> to P 
betams* tetracyclines* and other drugs cause m j scclIaneous 
reactions i see discussions of individual drugs in Chapter 9). 

Actions that minimize h« r<t toxicity enhance therapeutic 

success* The role ol proper dose calculation, therapeutic 

drug monitoring, und combined antimicrobial therapy are 

addressed later m the contexi of enhancing therapeutic 

efficacy. Care must be taken that targeted peak PDCi are 

ntH dose to toxic concentrations. For most antimicrobials 

the incidence of predictable (type A) drug reactions corre¬ 
lates with maximum or peak PDC. For aminoglycoside - 
induced nephrotoxic tty and ototoxicity, however, the mini* 

mum or trough Ft X s determine toxicirv (Bennett ei a I,. 
1979: Mailer et ah* 1991; Reiner et ah, 1978). Specific 

actions to minimize toxicity of aminoglycosides and other 
annmicmhiaK arc addressed elsewhere with each antibi¬ 
otic. The use of topical or local anti microbial therapy in the 
skin, eye, cur. ami. urinary, gastrointestinal. and respiratory 
systems can aLso he implemented if the antimicrobial is 

not absorbed from the site of topical administration te,g„ 
aminoglycosides h However, note ihc potential ototoxicity 
of many topically applied drugs. For lipid soluble drugs or 

far waiter-soluble drugs applied to damaged sksn* however* 
lack of absorption from topical sites should not Ire assumed. 
The roles of suhtherapeutic drug concentrations in tissues 
other than the site of topical drug administration and the 

development of resistant microorganisms have not yet been 

elucidated. 

Release of endotoxin may influence antimicrobial selec¬ 
tion for the patient infected with a large number of gram¬ 
negative organisms (Nitsche et ai. * 1996k Endotoxins cause 
further release of cytokines and other mediators of septic 
shoe k (see Chapter 10). Most of these effects are mediated 
by the inner lipid A component of the LFS molecule that 
becomes exposed after antimicrobial therapy In human 
patients suffering from cndotoxic shock, outcome of anii- 
microbial therapy has been related to plasma endotoxin 
levels. A number of antibiotics cause release of endotoxin 
from gram negative organisms, Attempts have been made 
to correlate the amount of endotoxin released to the class 

of antimicrobial and specifically to its mechanism of action. 

Continued hade rial growth or rapid celt lysis and death 
have been suggested to be important criteria for endotoxin 
n? It a - c after anti m i eft >1 1 1 : J therapy. | n co lit ru -1 t be i alt «>1 

bacterial killing and antimicrobial efficacy do not appear 
io he related to the rase and amount of endotoxin release. 
Among i he drugs trad morally used to treat septicemia 

an i inogly tt >sidcs have been dissociated with the least eidu- 

loxm release arid (J-luctams with the greatest release (with 
imipenern being a notable exception,). Reported amounts of 

quinolone release vary. "Hie magnitude of endotoxin release 

cun vary with the specific drug within an antimicrobial 
class For example, m a study of mouse £ coti peritonitis* 
imipenem and ciprofloxacin caused less endotoxin release 
than did cefotaxime (Nttsehe et al.* I996j. In fact, imi- 
peneni stands out among the fMactams in causing the least 
amount of endotoxin release. 

The different aments of endotoxin released by fi-tav ■ 
tarns may reflect different affinities of the drugs foi differ 


em penicillin-binding proteins of the organism The release 

of endotoxin may also be dose fcunamiruiiun) dependent. 

For example endotoxin release is greater at half the recoin- 
mended dose of ciprofloxacin (3 mg/kg vs. 7 mgfkg 
ciprofloxacin) according to the previously described model 
{Nitsche et al. T 1996). Actions that might minimize the 

sequelae of endotoxin release after antimicrobial therapy 

have rofl been established, Presumably, administering a 

dose more slowly may decrease the rate of endotoxin 

release. Binding and subsequeni inactivation of endotoxin 
by antimicrobials has been documented, particularly for 
cal ionic antimicrobials such as the quinolone*. aminoglyco¬ 
sides, .sind polymyxin (NiLsehc et al, 1996; Aoki el j! t 
1994), The clinical relevance of endotoxin binding by 

antimicrobials has yet to be established. 



Antimicrobial therapy must be implemented in si timely 

fashion. A dose of antimicrobials administered at the first 
appearance of a clinical infection has a much greater thera¬ 
peutic effect than therapy initiated a week later. Although 
labeled dosing recommendations generally should be fol¬ 
lowed. exceptions occur as we learn more about optimizing 
antimicrobial therapy. In general* to maximize efficacy, 
doses should be increased particularly lor serious m 
chronic infections, tissues that art difficult to penetrate, or 
infections associated with detrimental changes at the site 

of infection. Product labels may not reflect new findings 
regarding antimicrobial efficacy because pharmaceutical 
companies may choose not to endure the cost, associated 
with gaining approval for a new Label that reflects the new 
dosing regimen. Dose modification beyond that on the label 
should In based on current literature, Therapeutic drug 

monitoring can by used to establish a dose or interval for 

a drug for the individual patient and is ideally the basis of 
dose modification for critical patients. Unfortunately* few 
drags can be rapidly and accurately measured ai a reason¬ 
able cost (primarily the aim nog I y tmidex). 

Alternatively, with sufficient know ledge of the antimi¬ 
crobial, die dose cad be calculated front MIC data {see 
Tables S-4 and 8-S) (Brown, I'M?; Schentag, 1991; Car¬ 
bon 1992) The dose of an antibiotic depends On a target 
concentration (i.e.* the MIC times the therapeutic factor) 
and the drug Vd as reported m the literature <see Table 
8—ki and modified for the patient if indicated fe.g., for 
dehydration or intensive fluid therapy ). For example, using 
a target tor amikacin of 4 p.g/mL fscc Fig 8-fl} and the 

reported Vd in Table 8-4 {() 23 L/kgl, a dose for amikacin 

can be calculated for a patient infected with this coll 
(see Fig. 8-10). The maximum therapeutic factor that can 
lie used while not surpassing the breakpoint for amikacin 
is 8 (32 jtg/mL + 4 pg/mL ■ 8) The dose of amikacin 
then would be 4 jAg/ml, ring/14 * 8 * 0,23 lAg or 7 3 mg/ 

kg. which is within the recommended dose. Note that larger 
therapeutic Victors could probably he used in this instance 

because drug concentrations (hat surpass the current 
breakpoint of the various aminoglycosides have been suj 
passed with no apparent increase in toxicity as long as 
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recommended trough concentrations arc achieved during 
the doting interval. Thus a therapeutic factor of 10 would 
not he unreasonable even though i he published breakpoint 

would be surpassed (4 pg/mL - 10 * 0.23 Uk$ = 9,2 mg/ 

kg), in fact, much higher doses of amikacin are currently 
recommended for once daily therapy. 

For enrnfloxaem since the reported breakpoint is only 
twofold different from the MIC. the maximum therapeutic 
lack* that theoretically could be used while remaining 
below the breakpoint is 2, The dost would be l |xg/mL 
* 2 * 2-6 LAg or 5,2 mg/kg. The therapeutic factor is 

small in this case, and effective concentrations may not be 
achieved for some tissues. If a more reasonable therapeutic 
factor were used (to achieve a high inhibitory quotient), 
such its 8, the dose mviuld have to be 20 mg/k g. which 

now js within the labeled dose (5 to 20 mg/kg once daily 

[ Boothe, 2fX10a]I. Note that changes in the Vd in animals 
must be taken into account when doses are calculated. 

Drugs may be selected based on their route of adminis¬ 
tration. Not all drugs art available for parenteral or oral 
administration. Parenteral and particularly intravenous, ad¬ 
ministration is indicated for life-threatening infections or 
any rime tissue concentrations need to be maximized. Par - 
enteral drugs are also indicated for the vomiting animal. 

Oral drugs arc indicated for long-term use. outpatient ther¬ 
apy. and treatment of gastrointestinal tract illness, Topical 
therapy may lie selected to enhance drag delivery while 

mini mining toxicity. Topical therapy with lipid-soluble 
drugs might, however* best be limited lo situations in which 

systemic therapy of the same drug is implemented, thus 
avoiding development of sub* he rape utre drag concentra¬ 
tions in tissues other than the site of topical application, as 

might occur if topical administration atone is implemented. 


Combination Antimicrobial Therapy 

Combination therapy can be used to achieve a broad anti 

microbiai spectrum for empirical therapy, treat a polymi¬ 
crobial infection involving organisms nert susceptible to 

the same drugs* reduce the likelihood of antimicrobial 
resistance* and reduce the risk of adverse drug reactions 
by minimizing doses of potentially toxic antimicrobials 
(Schimpff el aL, 1989; Kapusnik et aL, 1989; Neu, 1994; 
Boothe, 2000c Rational combination antimicrobial ther¬ 
apy may be the single most effective action taken to en¬ 
hance antimicrobial efficacy for the chronic or serious 

infection. The primary' reasons to avoid combination ihcr 
apy include increases in the risks of supniinlection and of 

toxicity (if both drugs arc potentially toxic), high cost ami 
inconvenience to the patient (Kapusnik et aL 1989). 

S> nerpKm and Antagonism 

Antimicrobials to be used in combination therapy should 

he selected rationally and should he hosed on target organ¬ 
isms as well as on mechanism of action, Combinations 
might result in antagonistic, additive or synergistic antimi¬ 
crobial effects (Fig 8-J6 and Table 8-9} (Eliopoulos and 
Mothering, 1996). Generally, these effect; are defined in 
in vitro systems; clinical relevancy is more difficult to 

establish. Also, the combined effects of two or more anti- 


Aritagonistlc combi nattortt 


CNorampherKol 

Tetracycline 

Erytfvomycpi 


Hactama 

Qumotones 

AflVrtOQtyCOSKtes 


p-Lactann 


* ; 5-Lactam 


of KriirnicrvfrJils can have didtRDl sequelae. 
AnbtgoniKiic uttinuriTifcuJ combi luiion* me perhaps besi eremphtkd 
when a druj that inlubiH baclenaJ prowlh it tambimri with a drug wlmc 
action J-pvii-J ■ on rapid eel! gmwih. 


miiTobiah is likely to differ with the organism. Avoidance 

of antagonism ii particularly important to patients with 

inadequate ho si defenses (Schimpff cl al * 1989. Kapusnik 
el aL, 1989; Neu, 1994; Eliopoulos and McelLering* 1996) 
In general, bacteriostatic" drugs that inhibit ribosomes 
and thus microbial growth (e.g. T chloramphenicol ictracy- 

clines., and erythromycin 1 should not be combined with 
drug-! whose mechanism of action depends on protein syn¬ 
thesis such as growth of the organism <e.g,, (Llactams) or 

formation of a target protein. The bactericidal activity and 

continued degradation or destruction of the microbial target 
[i-Jactams and Huorinated quinokmes depend on continued 
synthesis of bacterial proteins Antagonistic effects liave 
been well documented between ^-lactam antimicrobials 

and inhibitors of nbosomal activity. The degree of antago¬ 
nism between fluoridated qui notaries .and growth inhibitors 
is controversial; antagonism has been reported with the 
use of ciprofloxacin and chloramphenicol (Eliopolous and 

Mothering* 1996) but impaired efficacy was not detected 
in other studies fZeiler and Voight* 1987}, Antagonism 
between chloramphenicol and gentamicin has also been 

documented (Eliopolous and Mod taring, 1996), 

Chemical antagonism is also possible between two or 

more antimicrobials (Zeiler and Voight, 1987: King. 1989) 
(see Chapter 2). Aminoglycosides and quinoloncs are 
chemically inactivated by penicillins ai sufficient concen¬ 
trations. Ticarcillin has been used therapeutically to reduce 
the risk of toxicity in a patient overdosed with an aminogly¬ 
coside (Olm, 1992). Chemical antagonism is unlikely in 

most clinical uses of these drugs. The risk of antagonism 

is increased, however, with simultaneous intravenous use 
of high doses of both ticarcillin and aminoglycosides such 

as might occur if aminoglycosides arc administered once 

daily. Potential chemical interactions between other antimi¬ 
crobial* should be identified before combination therapy 
Certainly, antimicrobials should not be mixed in the same 

syringe or intravenous line unless a lack of antagonism has 

been con brined. (King, 1989). 

Drugs that have the same mechanism of action would 
act in an additive fashion For example, chloramphenicol 

and clindamycin bind the same 5(JS ribosomal subunit and 
will antagonize one another, but, because tetracyclines bind 
to the MIS subunit, the combination of either drug with a 
tetracycline conceivably might be additive (although tins 

has not been studied). Additive effects probably occur 
when active metabolites are produced from on active parent 
compound, such as metabolism of enroflox&cin to 
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Tibia 8-9. Examples of Synergistic Drug Combinations 


drug One 


Drug Two 


Organisms 


Didoudlli 
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Ni^ardia mtenudes ■ effect as haitciKistaiiri 

S'tH iirtSiu iiitrn tides i effect is haLlcrioVtulkl 
MWnhdi rrfiMttr trowm (effect is hudmwtat 1CJ 



(-men WicJrniiinn H. Atkinson UA Su*Er«pliliifcly lo «pHic* iMMfcnce «inl toiU*. Em U«i« V («li AnniMtiot» w Ubnuun Medtcme, pp HKMIU. 

Bibimnr, Willumi * Wilkins, |Wi 


ciprofloxacin (Kung el aL* 1993), Antagonistic effects 
might occur however, if the drags compete for a limited 
number of target sites (e.g„ chloramphenicol and erythro¬ 
mycin!, In contrast, synergistic actions might occur if the 
.miimicrobial targets are subtly different. For example, a 
combination of different ^lactams generally results in ad¬ 
ditive antimicrobial activity. If the two microbiak target 
different penicillin-binding-proteins, however, their com¬ 
bined effect may actually be synergistic ('‘double J}-Lactam 
therapy**') (Hoped, 1991; Pedier and Bint, 1984), In com 
trust, combinations of other [i lactam antibiotics (including 
combined selected cephalosporinI are antagonistic (Ptdler 
and Bint, 1984). I"hc different sequelae of combined fl- 
lactam therapy might be caused by the penkri 11 in-binding 

proteins targeted by each drug. 

Synergism between antimicrobials can occur if the two 
antimicrobials kill bacteria through independent mecha¬ 
nisms or through sequential pathways toward the same 
target (Richards and Xing. 1993; Eliopoulos and Moeller- 

ing, 1996). The combination of inmethoptim and a sulfon^ 


amide exemplifies synergism resulting from sequential ac¬ 
tions in the same metabolic pathway (sec discussion of 
potentiated sulfonamides). Clavulaitic acid "draws" the ft* 
lactamase activity of the microorganism away, allowing the 

protective (i-lactam to do its job Synergism between |3- 
laciams and Aminoglycosides exemplifies synergism due to 

killing by indvpendeni pathways. Synergism is expected 
because their mechanisms of action complement one an¬ 
other, hut efficacy is enhanced Further because aminoglyco¬ 
side movement into the bacteria is enhanced by increased 
cell wall permeability induced by the fidaciam (Eliopoulos 

and Mothering, 1996) Enhanced movement in a bacteria 

may occur with other drugs le g,, potentiated sulfonamides) 
when combined with fj-lactams. 

Pub microbial Infections 

Combination antimicrobial therapy may he selected be¬ 
cause of the presence of u polymicrobial infection (Fig, 

8-l7i (Kapusmk et al,, 1989; Neu, 1994; Boothe. 1991): 


Hfun t-17- IN4yiiiicnifoiiil infcvin.vi' may require combi 

IMd“H [hcrapy. The [|ii J rn:ik>Oe* jinl irnuK’|lyC<Mi|k« differ 

esi dlcm jrrnNc gram-negative covrrjt-e; die p -Iul* uuii\ 

i,-v|v. mJK [Vimilihi'iciumlajole uni cliciiliimvLin 

itffcr ewe Hern puni positive mj aiwei i nbK cuveragc 


Folymicfobiai combinations 


3-Lactain 


M«tronidaZQi« 






Quinowes 



Clindamycin 


Aminoglycosides 
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Noviramit. 1WI), Aminoglycosides or fiuorinaced qumo 
luncs arc often combined with lactam!*, meLrunidu/ok, 

or clindamycin in order 10 target both aerobic gram-posiiis e 

and gr.ur itCLViiriv infections or aerobic infeciions caused 

by both aerobes anti anaerobes. The combined use of se¬ 
lected antibiotics may result in therapy effective against a 
given microbe when cither drug alone was ineffective. 



Convenience and Cost 


Convenience of administration for outpatient therapy may 

profoundly alter drug efficacy simply because of owner 
compliance. The cost of antimicrobials certainly impacts 
antibiotic selection bin should onl> be a factor after other 
considerations have hcen taken into account. The cost of 
an excellent antimicrobial can be easily surpassed fey the 

selection and use of several less expensive, yet less effec¬ 
tive antimicrobials. 


Evaluating Response to Therapy 


Kvidenee of improvement in clinical status or dedine 
should occur within 4B to 72 hours of stalling antimicrobial 
therapy tKapusmk ct ul.. Although fever and Icuko- 
cytos s have been the hallmark indicators of the need for 
antimicrobial therapy, there are other causes of inflamma¬ 
tion and fever besides infection In addition, leukocytosis 
may be absent in the immunocompromised patient. Thera¬ 
peutic failure may reflect an inappropriate antimicrobial 
selection, m improper dose or interval, or a number of 
host factors as previously discussed Therapeutic drug mon¬ 
itoring can (although care must he taken not to assume that 
PDC equals tissue concentrations!, help discern between 
the first two causes of therapeutic failure is can repetitive 
vulture and susceptibility testing. Timing of repeated sus¬ 
ceptibility testing is controversial. Ideally, another culture 

several days or 1 to 2 weeks into therapy (depending on 
duration of therapy) and again at the same time after 
therapy has been discontinued will document success or 

failure. 

When antimicrobials are changed because of therapeutic 

failure, the least expensive and least toxic antimicrobial 

that shows efficacy on culture should be chosen. Note, 
however, that factors altering drug efficacy or movement 
to the target site must also be considered. The amimicrohial 
with lhe narrowest spectrum also should be used to mini¬ 
mi/e suppression of normal flora and the risk of antimicro¬ 
bial resistance fKapuMtik el al . I9R9; Schimpff ct ul., 
1989). Equivocable response to antimicrobial therapy may 
indicate the need in add another antimicrobial in order to 
cover potential l> resistant organisms. Duration of therapy 

should be sufficiently long to allow complete resolution of 
infcctum, yei short enough to avoid toxicity, development 
of resistance and suprainfcction Duration of antimicrobial 
therapy should vary with the severity of illness; 10 to 
14 days is generally i ecomtitended for gnumlocylopenic. 
septicemic, and seriously ill patients, whereas 7 to IQ days 
of therapy may be sufficient for patients with less severe 


infections. Febrile patients should be treated unlit they have 
been afebrile for 4 to 5 days iftapUMiik el ul. F 1989. 
Schimpff ct aL, 1989.1. Chronic infections may require & to 
8 weeks or more of therapy* 
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INTRODUCTION 

The principles that guide proper uniimicrobial selection are 
discussed in Chapter K. TTiis chapter focuses on the individ¬ 
ual drugs by describing their charactenMics and how the) 

impact therapeutic success. Character]sties discussed tar 

each drug class include the mechanism of antimicrobial 
action (Table 9-1), the disposition of the drugs in, the 
patient (see Table b-4 i. the spectrum of antimicrobial 
action of each drug fTahle 9-2), and adverse effects. Anti 
microbial drugs are most often ealegnrimJ based on mcch- 

This catcgoriza- 
it on based on mechanism of drug action is followed in this 
chapter because it pertinent to therapeutic success for 
several reasons. The median ism of action of each drug 
determines drag efficacy (re., bactericidal vs. haetcrio 

static), variety (to some degree). »nd the mechanisms of 

resistance. Mechanism of action is also important to the 
selection of combination antibiotic therapy With the excep¬ 
tion of drugs that are approved only for use in animals, 
much of the information regarding antimicrobial use in 
veterinary patients is extrapolated from use in human pa¬ 
tients. 


an ism of action fFig. 9 -1: s« Table 9 I) 



-LACTAM ANTIBIOTIC 



The broad spectrum, low toxicily, and reasonable cost of 
IJ-kiam antibiotics results in their frequent use for treat - 
mem of in fee lions in addition, p-effects on cell wait syn 
thesis result in their frequent selection for combination 
antimicrobial therapy The (3-tactam antibiotics include the 
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cephalosporins, the combination penicillin/^-lactamase in 
hibiturs. and carbcpcncnis (see Table 9-1). 



P -Lactam antibiotics contain a four member p lactam ring 
that is the active site of 'the drug arid a second member 

nog whose structure differs between cephalosporin* (*even 

member) and penicillins tsrx member) (Fig. 9-2) (Neu, 
1994; Kapusnik el a!.. 1989 Hush ei al h 1989: I Ionovs it/ 
1989. Vaden arid Riviere. 1995). Tlx- mechanism of action 
of P-lactams, regardless of the type, i.s interference with 
bacterial cell wall synthesis {Fig, 9-3). The bacterial cell 
wail is comprised of several layer* of a peptidoglycan 
matrix Rigidity of the cell wall is accomplished through 
cross-binding of the peptidoglycan strands in the matrix. 

The peptidoglycan strands arc composed of five repeating 
disaccharide units of jV-acctylglucosamine and -V-acetyl- 

muramatc; these urn is are formed by die bacteria in stages. 
A pentapepride. which ends with an D-AJa-D-Ala term inn*, 
is attached to 'each of the repeating units of these disjccha- 
rides. The units are joined to form a chain or peptidugfyean 
strand. The resulting chains ore then cross-linked to provide 
cell wall rigidity. 

Cross-1 inking between the D-Ala P-Ala terminals is cat¬ 
alyzed by a iranspepiidase enzyme, one of several penicil¬ 
lin-binding proteins fPBPs) located in the cell wall tsee 
Fig. 9-3). The bacteria! substrate for the iranspeplkUttc 

enzyme is the peutapeptide of the peptkloglycan and. spe¬ 
cifically, die terminal amino acids D-Ala-J>Ala The p 
lactam ring of the |8 lactam antibiotics is structurally simi 
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Table 9 - 2 , Relative Spectrum ol Actavrty of Selected Antimicrobials* 


Drug 

Cram Peiitivt 

Gram Negative 

Ps*udotMn»i 

Anaerobic 

Clostridium 

Olhar 

Penicillin f i 

4+* 

1 + 


4 + 

4 + 


Drcki tacit h n 

4 + 


— 

—- 

— 


AfimviciU i n 

4+ * 

2 + 

— 

3 + 

3 + 

— 

A mi v iu Hi itfctat ulsn&le 

4 + 

2 + 

— 

4 + 

3 + 

— 

Ticircillui 

4 + * 

4 + 

4 + 

4 + 

4 + 

— 

Imipmrni 

4 + 

4 + 

4+ 

4 + 

4 + 

— 

Ccfj/iilir 

3-4 + * 

2-3 + 

— 

— 

1-2 + 

— 

Cephalnthin 

3^ + f 

2-3 + 

— 

—- 

1-2 + 

— 

Cefoiitm 

2^3 + 

3 + 


3-4 + 

3 + 


Ccfadrmil 

2-3 + 

2-3 + 

— 

1 + 

— 

—■ 

CdiKilime 

1 + 

3-4 + 

3-4 + 

1-2+ 



Ceftiofw 

3 + + 

2-3 + 

— 

2-3 + 

2-3 + 

— 

AflUIHfl)lWUtb 

i+t 

4 + 

4 + 

— 

— 

-Ml 

1*1 w m ruled tfuinufunm 

S+t 

4 + 

4 + 

— 

«— 

-II 

-S u Ifi mi j m i J d \ h m cl bnpn ntf 

2-3 + 

2-3 + 

— 

2-3 + 

2-3 + 

_£ i* 

iwmelufmm 







Tel nicy t ti tie 

2 + 

2+ 

— 

2-3 + 

2-3 + 

-*+> tt 

Dnnycydihc 

2 + 

2 + 

— 

2-3 + 

2-3 + 

-ft,» 

CMofampbenicol 

2-3 + 

2-3 + 

—- 

2-3 + 

2-3 + 

—n 

Ojrwljsm l Ltl 

4 + 

— 

— 

4 + 

2-3 + 

— 

Lmcornycm 

2-3 + 


— 

+ 

+ 


Tytaiun 

2-3 + 

— 

— 

+ 

+ 

-—■ 

Erythrornycin 

2-3 + 

— 

— 

+ 

+ 


Rifampin 

3 + 

+ 

— 

— 

— 


Mein >md,w r <4c 

H 

SI 

— 

4 + 

4 + 

— 

Viacom vein 

5 + 




3^4 + 



fPjuticulurh Ji¥tHY mi ifwcit* 

4 I hie Jhr Kbuie uaJj. I'In: jiucLa^e nE ejeh drug, ainl lb ps*pbLu.ljf 1 lhI ik 4Jtpfctikr.pLMm?.. should be revned j«iKM to Krcttral m order to 



■ pfitripf Mlt ijpnin 

f Lit ft. Lit t; jf.jgrHi iclft/Ecd iMw r 4ws: ttrr\t*n qpfrdts 

Pffeoiie 4$auwi ArtimmmvM 

€ Amifcurin n cifftiiw ajjamM m anfru tprort. 


f, lif(ftLnc a^viuM jVtxrfrsft’d ipcoei. 

t^fKectiw ajrjjjid steeled Jfri Aff/ijtt Mui C'hliMmirfia hpctifii 

44 Efftt;tive 4 u«m WmwpJkiit(w/ 4 i ipKift, 

I# Metrivud.Ltok 1 11 cIIkU^c ^juivI jrajcftHhic Mr r uid gram ni'gjiiiwc Mfg.4iUArm cmJy 


Cell Membrane 
PotyitHKm 

B ratracin 

Gohetin 


Ceil Wan 
^Lactams 

Penicillins 

Carbaponcms 

Cephaiosponns 

Vancomycin 


DMA Replication 
Qgmolones 

ONA-Dependent RMA Polymerase 
Rifampin 


Metabolism 

Trtnwehopnin 

Ormetopnm 

Sulfanamides 


fi§ure VI , Drug meckaoim* of ac- 

EXKI determine drug ejliiat ), but'len- 


cidiTor bftCterifflMsiic effects mcchj- 


nisem of bacterial resinanc^ and 

opprupruicncvt of corntoiuitiijn ther¬ 
apy. OtXUsionaUy. the iiks. h.irti^m til 

drag ucliofi pmlK’lH the mcchiim'sm 
of tinva imirity r 


Protein Synthesis 

3OS Subunrt SOS Subunit 

Tetracycline Chioramprieruoote 

Aminoglycosides. Clindamycin 

Erythromycin 
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Penicillins Cart>apeiwn 


Figure 9-2. pu l Jiim utiihutH* include die pem^illins- 

. 11 14.1 irin> The (1 IjlIlh ii r i n l- ifrutcdi mimic* l In' 

vubvtrjie ol iJhnc tramficfUklase cn/yme i pcmcillin-hirwiin l: 

protein I. the termini pmonm of Asp-Ato-Asp-Alu, The bon 

the t.irpei 4)| p-lactami-vc denin*. niin Prm ci Him have an 


.idjjfGcst live-member ring, ue^u I. ^pflrijis a seven mein 
her nng. 



COOH 


O H H 

I I I 

R^C-N-C 



Cephalosporins 


Monobactam 


Terminal portion ol 
pentapeptide 



V/CH 3 

? _C \ 

C-N 


COOH 


lar to the D-AIa-D-AUi terminus of the peniopcptide and 
inactivates the transpeptidase enzyme (see Fig. 9-31. In an 
actively growing cell, the organism continues both cell wall 
synthesis iind cell wall degradation by bacterial autolysins. 
Degradation continues, and, in the tact- of impaired synthe¬ 
sis, the bacterial cell wall loses rigidity and becomes per¬ 
meable to the surrounding environment. In an isotonic (to 
the host: hypotonic to the organism) environment, move¬ 
ment of fluid into the hypertonic bacterial cell results in 

osmotic lysis. 

The differences in the spectrum of the fi-lactam antibiot¬ 
ics probably reflects* in part* differences in affinity of the 

drugs tor the various PBPs ( tram peptidases) Although 0- 


lactams are very effective antibiotics, their unique mocha 

nism of action renders them susceptible to failure in certain 
conditions, independent of bacterial resistance. Efficacy ts 
reduced in a hypertonic environment because osmotic lysis 

may not occur. Impaired auto!ysin activity, which may 
occur in slowly growing bacteria, may result in the loss of 
the bactericidal effect of the p- lac tam ami biotic . 


Spectrum of Activity 


fhe penicillins include natural, semi synthetic, and synthetic 


drugs (Table 9-3) Penicillin G t a natural penicillin, pnv- 


Figure 9-3. The antihaclcnal nk*chj- 
m>m of action ol the fi-kiLtjim*. The 
peutajKp(idf containing (Ik l> All- 
D-ALi lemumiy prundev the ciusv 
lmkunjj; of ibe UruiKh of tin? cell wall, 

which Lire crttkll lo nguiliy Tvim 

typet of penicUkn-binding pnvdn> 

une k.i(cd tu the cell wall of tuklc 


na Trjn.vpepfiduyf eruynwv are re- 

hp^tiMMc fur c jijJ y zjjip ihe 
bndgmj: frclween the penuipcpi ide%; 
p-Uctdmuc peiiicilliti-NlKUng (Kn¬ 
ifin’! destroy ihe p- lactam .intibioi- 
ks. In (be vo-’W" uf gram-jwainve or¬ 
gan] \m%. rhe 0-lactasev we huh 

Located lii the cell wall ... 11 .1 se^icleJ 

into (he environment 


L-Ala 

OGkJ 

L-Lys 

»Ala 

L'Ato 



Gram posi try® organism 
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Table S-3, Doses of Antimicrobials 

Dfi§ 

Dose fPftfl) 

Internal |b«n| 

Mrnm 

Amikacin 

io mi, 7 to 

12 

W IM 


20 iDi. 15 (Ci 

24 

JV ( IM 

.Amoxicillin 

11-23 

&=I2 

PO SC. (M 

Amoxicillin with el**-uhnic aciJ* 

1 0- 21.1 

£-12 

ItJ 

Ampk illin 

I04HF 

* 

PO 


:[*-30' 

S 

ItJ 


6.6 

*-12! 

PO 


A 

x-12 

SC 


I0F 

a 

SC 


5- 

6-4 

sc 


10' 

6 

IV 

A/iihr (rnivc in 

w 

5 10 lup in 4th |Dl 

1 1 24 

KJ 


5 IQ 


PO 


5 tO 

7 dmys 

PO ipn^toylanpi 

1'articHBilUn judunvl 

■ 

55-100 iun -M%I 

s 

1V: PO i briny 1 only i 

CcfiBti'f .VI) 

11 


PO 

Ccladoni! * l*£i 

22 

i: *(_>* -24 1C 1 

PO 


id* 

& 12 

PO 


30* 


PO 

Ccfaa runildk 

§-4t> 

Ci- li 

IM, IV 

I ctauln (tsi> 

15-35 

4—K 

IV. IM. SC 


10’ 

4—& 

IV. IM. SC 


JO 1 

4—R 

] V, 1M, SC 

l 'efrpunti (-llbl 

30 

1 

IM. W 

Ctfirimc < 3ni| 

5 12.5 IDI 

12 24 

m 

Cc 1 1 n: i -1 i ■ 1 1. 

20 n» 

6-12 

(V 

I efapen/oo? ilidi 

22 i'D) 

6-12 

IV 

C l limtin (2ndj 

22-*n 

6 

IV. LM. SC 


ID* 

6 8 

IV, IM. SC 


20" 


IV. LM. SC' 

' l- n l i 1 1 * 

■i 

20 -80 

6 

IV IM 

C > l«cian (2nd* 

10 


IV.SC 

i l 'i ■' ■■ i'■' ■ u (3rd) 

5-10 

12-24 

PO 

I rlividime i *rdi 

15-10 

6-12 

IM, IV 

Cefm^yr |.Wl 

2.2-14 

12 - 24 

SC 

Cfftianimc (3fd) 

25 50 

*-17 

IM. IV 

Cefti i Mi 

15-50 

12-24 

IM. IV 

Cefunmime * 2r^i i 

10 

12 

PO 

i’/rphilctm i S si l 

10=60 

6-H 

PO 


22 : 

* 12 

pn 


MV 

.3 

PO 

Crptialrxhin ■ Uij 

15-45 

6- K 

IV SC. IV 


2CP 

6-12 

IV. SC. IV' 


40 

£ 

FV SC. IV 

C V[4t; !p :i i 1 lit) 

30 


IM. SC. ]V 

i "1 : 1 1 i impi’icrtknl 

50=55 ■ D) 

6=8 

PO 


15-54 

ft-S 

IV. IM, SC 


50 mf.'.:i' (C) 

12 

IV. IM SC. PO. tabkr 



12 

11 1 insppnsiK n 

i jpPollr>xiiLin 

5-30 

12-24 

IV 


HMf) 

12-24 

PO 

(rbii iihmi rt*ci ti 

5-10 

12 

PO 

Ooiitci IJi n 

2 n 4o 

| 

1 v 1 M. PC 1 

ClimMyiiin 

5 (l>) 

12 

PO 


11-20 ID-) 

12 tPG}-24 (SO 

PO. Sr 


U tC» 

n 

PO 


25 50'' 

24 

PO 

Ck>fi£ i nil lie 

4—H 

24 

PO 

[>^|>ihK 

II 

1-12 

PO 

[ Ji.knaci Llitl 

111-50 

% 

PO 

LhllMMi'il 

3-ID 

24 

PO 

L )n x vryrl inc 

5-10 

12-24 

PO 


5 

24 

IV 

hrtn’ilhn.aiin 

2.5-5 

12-24 

KJ SC 


5-irr 

12-24 

PO, SC. IV* n 


20 

24 

KJ M\ 1V" ? 

Eiydirufliyun 

10-20 

H 

PO 

i -1 .in Kyf«'i 

1 ^-25 

24=72 

PO 

FlorfctiBoj 

25U50 

8 iDi. 12 {Cl 

LM, SC 
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Table s 3. Doses of Antimicrobials Continued 



Dc&a (mij/kqf 


Interval |hours i 


Rente 


Gcniunuon 

HcttcUn 

Imifxncnv'crilustin 

|^mui/id 

Kuumyrfn 

[ inttxnvpu 

■ 


MiftolkTiwcBi 
Mclhiui^ilimi: n3 JLnUe I liIc 

Mrlronidviile 

Minocycline 

Neomycin 

NilrohiranLo-in 

Novobiocin 

Ottoman 

OrttiOun^in 

OiuiciUin 

IVrucOhci Q 


2^4 

1M2 

8-12 

24 

11-14 

H-12 

1 -7 5 

6-4 

io<n 

24 

5-7.5 

t 

15 

1 

22 

12 

IS 

12 

22 

24 

1,25-2.5 

24 

16,5 (D only) 

24 

10 

i-12 

10-50 

i-12 

3 

12 

10-15 

6-24 

2.2-44 

6-24 


10-22 

S-L2 

2.5-10 

12-24 

2,5-7.5 

14 

20-40 

* 

5-10 

6-8 

10-25 

it 

20 

7 days ircpositoH 


m. SC. IV 
IV. (M. SC 

m 

IM. IV 1 
PO 

EM IV SC 
po 

PD 

IM. IV 1 
LM. VP 
PD 

PO 

IV 

PO 

PO 

PO 

PO 

PO 

PO 

PO 

PO 

IV 

PO, IV 
IM 


Ni + Of K + ’mil 

Profile 
Ben/ a thine 

Pcmi ilhn V 
Piperacillin 


20.000-60,000 

4-6 

IV 

22.000-100.000* 

4-11 

04, SC 

4t).a»-50.000"* 

5 i%* 

TM. SC 

5.3-11 

6-S 

PO 

25-50 

8 

TV. IM. S 


kiluiipir 

Rinjtluorn>an 

Streptomycin 

SulfAdia/ine/lrime lIji i |>i un 


5-20 

12-24 

PO 

15 04 

24 

PO 

10-20 

12 

IM 

30 

12-24 

PO. SC. IM 



13 

12 

IV 

Sul f adimethiii ni xmetrof >r tin 

55 

First ikise 

PO 


27.5 

12-24 

PO 

Tekoplanw 

3-12 

12 

IV. IM, SC 

TwicydwM- 

13.75 

6 

PO 


20 

s 

PO 

Ticnrnllm with without djvulunic md 

40-50" 

6-S 

IV 


75-100 11 

6-S 

IV 

Tnibrimvi: in 

II# 

4-6 

%-l2 

IV. IM, SC 

Vaneotnyeio 

3[Di 

S-12 

Pti 


10-20 

6-12 

IV 
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\iiJcs a basis for the definition of the intem&ltona] unit {114 
of penicillin: Each utiii contains 0.6 ing of the international 
[Hire crystalline sodium penicillin. As a group, the ruiiur.il 
penicillins arc not \cry stable Hydrolysis causes degrada¬ 
tion of the fS lactam ring and can occur v*hcn penicillins 
arc combined with other solutions. Oral absorption is lim¬ 
ited by iheir instability iVaden and Riviere, 19951. The 
spectrum oi activity of (i-lactam antibiotics varies (see 
Fable 9-2). Penicillin G. a natural antibiotic, is effective 


against gram-positive cocci and both gram negative and 
grant-positive anaerobes, but n is p ■ I acta ma.%c sensitive 
(Neu, 1994). The gram'negative spectrum of penicillin C 

is limited hut includes Pasteuriila maiUn ida. Penicillin V 


\s an oralis bioavailable natural penicillin, but its antimi¬ 
crobial efficacy is reduced I Vadim and Riviere, 1995), P- 

Lactamase-resistant penicillins include did oxacillin. cloxa- 
cillin. methicillm. and oxacillin. These drugs are effective 
against gram-positive organisms such as Si aphyiococcu t 


Copyrighted material 







A fTictopgyi ks Appmarh 




species. 1 hoi efficacy against tut her gram-positive and se¬ 
lected gram negative organisms is fair to good but they 
are generally not as effective as are Oliver penicillins 
The spectrum of the 3-lactams wm increased with the 

production of the semisynthetic ami nopen ic i 11 i ns Amoxi¬ 
cillin and ampicilhn (amiunpenicillins) are considered 
"broad-spectrum 1 drugs. The anaerobic and gram-positive 
spectrum of penicillin G is maintained <although the amino- 
pemcillint an* slighll) less efficacious again si anaerobes). 
In addition, many gram-negative organisms are added 10 
the spectrum, including Eh to ru hm coti, Pmwun : lki, some 
Pmiem species, Kkhxtdb, and selected others St mum, 
Enterobacte r, and Pseudomonas are gram-negative organ¬ 
isms that are not however, included in die spectrum of the 
aminopenicd)ins Fhc aminupcmciJJins are Jess effective 

against Bavtetmdex frogilis (Vatfen and Riviere, 1995). 
Like penicillin, the aminopeniciLIins are ^-lactamase sensi¬ 
tive. Condiitiation with a (3-lactarmse protector (c.g., davu- 
lanic acid or sulbactam I improves efficacy toward suscepti¬ 
ble organisms such as E evti, Kietoidla species, and &onr>e 
Pmiew specie* 3- Lactamase protection does not, however. 

increase the spectrum of amoxicillin: Pwitdmntw&s species 
and other gram-negative organisms remain resistant (Bush 

et ah, I9R9; Vaden and Riviere, 1995). 

A fourth class of penicillins includes the extended spec ■ 
iruin antibiotics. These drugs remain effective against 
gram positive and anaerobic organisms, and the grant-nega¬ 
tive spectrum is extended to include Pseudomonas aerugi¬ 
nosa. Serratia, Proteus species and some KJcb*ietta spe¬ 
cies. Shtgeiiu species, and Entenitonter species. Examples 

include carbcnicillin: utarcillirt* which has two to four 
limes higher activity toward Pseudnmtttuu than earbemciJ- 
I in; am! piperacillin, which has the highest antipscudomo- 

nal activity iNcu, 1994: Bush et ah, 1989: Brown, 1988; 
Papich. I98&L The extended spectrum penicillins are effec¬ 
tive ngamst anaerobic organisms, although they may be less 

effective than the natural penicillins. They are however 
effective against 8 /rogj/i.s (Vaden and Riviere, 1995). The 
extended spectrum penicillins arc ^'lactamase sensitive: 
however, a LicarcilUn/clavuUnic acid combination product 
is available. 


Jmipcncm is chic of the newest members of the p-lactam 

penicillins and is classified as a carbepenem [i-lactam anti¬ 
biotic iSobd, 1989) It is prepared in combination with 
ci I us i ut in, which inhibits renal tubular degradation ot imi- 

pcncm. As a result, drug hall-life is prolonged, and the 
formation of potential!) nephrotoxic metabolites re¬ 
duced, Imipenem has one of the broadest antimicrobial 
spectrums available, including Pseudt species.. I in i - 

penem is very resistant to p-Lictafiy.ee destruction. An 
advantage of this drug is its very low minimum inhibitory 
concentration fMlC: 0 05 to 2 pg/ml i for most organisms 
Although the drug has not been studied in (Rigs or cats, 
veterinary use appears to be successful. 

The cephalosporins {we Fig. 9-3) are subcategori/ed as 
first, second, and third generation tsee Table 9 Ij (Dunow 
itz 1989; Caprile, 1988). This categorization is primarily 
of chronologic importance, Although generali ration* re¬ 
garding The spectrum of activity of each generation can be 

made, either the package insert or cullure and susceptibility 

data should be considered for individual drugs in each 
class. Cephalothm is the drug used by the National Com¬ 


mittee foi Clinical Laboratory Standards (NCCLS) as an 
indicator for susceptibility for the first-generation cephalo¬ 
sporins, but even wnhin generations variability in efficacy 
among the drugs may result in therapeutic failure (Vaden 

ami R i v uti\ 1995). Hie spectnim of the Unit generation 

cephalosporins is similar to that of the amimiptnidi litis 
(Vaden and Riviere, 1995). First-generation cephalosporins 
such as cefazolin, cephalothi n. and cephalexin are active 

against gram-positive and gram-negative organisms such 
as toil, Kkbxieiia pneumoniae, and Protein mirnbitn. 
Among the first-generation drugs, cefazolin has better efli 
cacy against gram-negative organisms but poorer efficacy 
against Sittphylococtus species (Vaden and Riviere, 1995; 

New. 1994). Cephalexin is less active against staphylococci; 
il is more fV lactamase stable (Neu, 1994). The anaerobic 
spectrum of the first-generation cephalosporins is fair. Be¬ 
cause cephalosporins are more resistant to p-lactamases, 
they are generally more effective than penicillins against 
Staphylococcus species. 

The second-generation cephalosporins, cefamandole, 
cefaclor, cefoxitin, and others, are characterized by en¬ 
hanced activity toward Enierobaaer species some Proteus 
species. E rah. and Klebsiella species (New. 1994) Third- 

generation cephalosporins (ce fotaxime, ceftazidime, and 

cefoperazone, and the oxa-^-loClom moxalactam) are gen¬ 
erally reserved for serious gram negative infections caused 
by P aeruginosa, Enterobacter species, and Semtiiu spe¬ 
cie* Not all thiid-generaiiott cephalosporins are. however, 

effective against P. aeruginosa (Vaden and Riviere, 1995). 

In contrast to penicillins, in which anaerobic and gram- 
positive spectra were tit unturned a* the spectrum was ex- 
tended, the sccond-gcncration and third-generation cepha¬ 
losporins are often less effective than first-generation drugs- 
against gram-positive and anaerobic organisms. An excep¬ 
tion is cefoxitin, which has an excellent anaerobic spec¬ 
trum, particularly against Butt* wide j species {Neil, 1994; 
Donowitz. 1989). although it is less effective than first- 

generation drugs against gram-positive organisms. Selected 
third-generation cephalosporin* (e.v,. cefotaxime) are ef¬ 
fective against anaerobic organisms, whereas others it g.. 
ceftazidime arid ceftriaxone) are not; the spectrum of each 
product should be reviewed before use. 

Ceftiofur is a third-generation cephalosporin recently 
approved for use for canine urinary trad infections The 

antimicrobial spectrum of ceftiofur includes selected gram- 
posili\e (Strrptoi trcrus species and Corynebncterium spe¬ 
cies). gram-negative t Patteuretla, /. tWi. and Salmonella 
species), and anaerobic organisms. Ceftiofur is effective 
against many staphylococcal organisms; however, selection 
against Staphylococcus should be based on culture and 
susceptibility data (Vaden and Riviere. 19951. Unlike some 

other third-generalion cephalosporins, the spectnim of cef¬ 
tiofur does not include virulent gram-negative organisms 
such as PseuAomomu species. Ceftiofur also stands out 
because its major metabolite is active, thus prolonging 
its efficacy. 



A major mechanism of bacterial resistance to the JT lactam 

antibiotics is inactivation by bacterial p-lactamase* These 
enzymes another type of PER are the result of either 
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chromosomal mutations, particularly id gram-positive of prepareJ as esters, which hydrolyze at variable rates and 

gamsms, or plasmid-mcdiaied resistance in both gram- thus prolong absorption. Procaine penicillin is absorbed for 

positive and gram-negative organisms. 0-lactamases are at least 24 hours and benzaLhine penicillin for upproxi- 


either constitutive, already present in the cell wall (panicu 


nvaiely 120 hours (Vaden and Riviere. 1995), Although 


larlv in gram-negative organisms k or are induced by the drug levels may persist longer in circulation with these 

presence of the antimicrobial drug (in both gram-negative prcpar.ition*, ihcrapeutic concentrations may not he 

and gram-positive organisms). Many gram-negatives gram achieved for organisms with sufficiently high MICs ami 

positive, and anaerobic organisms are capable of producing caution is recommended with the use ol slow-re lease pmd- 



0-lretamascs. The type of enzyme depends on the organ¬ 
ism: Some microbes produce 0-lactamases directed toward Distribution ot 0-lactams is limited to extracellular fluid, 

only penicillins, some toward cephalosporins, and others hut adequate concentrations can usually be achieved in 

toward both classes of 04actam antibiotics. Gram-negative many tissues because most infections are extracellular in 

bacteria secrete 0-lactamases into the periplaNmic space location {Vaden and Riviere, 1995; Ncu. 1994), Because 

such that they are strategically placed before the antibiotic Bdactams are concentrated in the urine, effective concern 


can penetrate the cell wall (Vaden and Riviere. 1995). 


(rations may he achieved in urine even though the MIC 


The 0-lactams are variably susceptible to destruction might suggest intermediate or medium susceptibility. Pfcni- 

by 0-lactamases (see Table 9-2). The cephalosporins are cilliiis and cephalosporins do not iravefte mammary, pros 


generally more resistant to 0 lactamases, particularly those 
produced h> StaphyitKOcvus species Selected synthetic 
antimicrobials are resistant to the effects of 04actitma*c, 
including most third-generation cephalosporins and imi- 
penem. Tlic semis}mhetic die! oxacillin land oxacillin) is 
0-lactamase resistant, whereas the ami tki penicillins and 
extended spectrum penicillins are 0-lactamase susceptible. 

The combination of (i- lac lam antibiotics with drugs leg., 
clavukinic acid and sulbactam I (hat inhibit the activity ot 
0-lactamase enzymes increases the efficacy I but noi the 
spectrum) of susceptible organisms (sec Tables 9-! and 
9-2 ), Other mechanisms of resistance to die 04uciaim.ses 

include changes m porin size with failure to reach the PBP 
by grain-negative (and especially Pseudomonas aemgi - 

twsu) organisms and a change in the PBP structure such 



that antibiotic binding does not occur (e,g., staphy 

organisms and pen Loi11 m^: enterococcal organisms and 
cephalosporins). Interestingly, drugs that inhibit protein 
synthesis (e.g,, chloramphenicol) may enhance efficacy of 
some penicillins against some organisms by decreasing 0- 
luctama.se production. 


lalie* or bhkrd-brain barriers well. An exception is imi- 
penem. but not antipscudomotial penicillins such us 
Uc&rciLlin and piperacillin. Imipenem can reach effective 
concentrations in the brain. I nil ant mat ton increases the 
penetration of many penicillins. For example, ccfuroxime, 
cefotaxime, ceftriaxone, and ceftazidime can reach them* 
peutic concentrations when the cerebral spinal fluid (CSF) 
is inflamed (Vaden and Riviere, 1945). Inflammation may 
also increase 0-laclain penetration of abscesses ami pleural, 
peritoneal, and synovial fluids. 

Cephalosporins ore also widely distributed throughout 
most extracellular body fluids, including kidneys, lungs, 
joints, bone, soft tissues, and bile (Caprik\ I9KN; Neu. 
1994; Donowjtz, I9K9K First-generation and second-gener¬ 
ation cephalosporins should not he used for central nerv ous 
system (CNS) infections because many are destroyed by 
local enzy mes or transported out of the CNS. Drug eLimini- 
tion hidr lite tends to be Less than 2 to 4 hours. 

The 0-lactam antibiotic drugs are eliminated by active 
tubular secretion in the renal tubules. With the exception 
of hclacillin. hepatic metabolism does m>< play a rok in 


the elimination of the penicillins, Ht-iadllm is an M ampieiJ- 
!in pro-drug"' prepared bs reacting ample ill in with acetone: 

the reaction reverses when administered as an aqueous 


Pharmacokinetics 

The 0 1 octants are weak acids, which favor oral absorption. 

Many of the 0-lactam antibiotics are, however, destroyed 
by the acidity of the g astro intestinal tract and thus cannot 
be given orally Exceptions include penicillin V, dtdoxacih 

lin, the amiiiupcnicillms (ampicillin and amoxici 11 in, in¬ 
cluding combinations with davulanic acid), and the first - 
generation and third-general ion cephalosporins cepbaloihin 
and cefadroxil, respectively. Carbcrdci I lin is orally bioavaj- 
lable only as ihc indanvl form, and even then effective 


solution (Vaden and Riviere, 
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may more 


concentrations can only he achieved in urine. For the 

aminopen kill ins. the oral bioavdJ ability of amoxicillin is 
greater than that of ample i Hi n and, untike ampicillin. Is not 
impaired by the presence of food (Neu. 1994). The oral 
bioa variability of the cephalosporins is also variable among 
drugs and species (Neu. 1994; Vaden and Riviere. 1995). 
Many 04uetums are available as intravenous (IV) or 


easily penetrate the prostate than ampicillin, and subse¬ 
quent metabolism in the prostale to ampicillin may result 
in therapeutic concentrations ot ampicillin, although this 
has not been proved clinically. Imipenem is degraded to 
inactive metabolites in the kidney. Reabsorplion from the 
urine is facilitated by an add urinary pH. So me cephalo¬ 
sporins are eliminated in the urine after deacetylatrion by 

the liver. Examples include cephaloihin, cephapirin, cefo¬ 
taxime. and ccftiolur Ikacetybtion of cefiiofur results in 
an active metabolite. Ceftriaxone and cefoperaziw are 
eliminated in the bile in humans and appear to be at 
least partially eliminated an the bite in dogs (Vaden and 
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Adverse Effects 


parenteral preparations. Absorption from parenteral sites The 04 act am antibiotics are very safe. Hypersensitivity is 


tends to be rapid and complete, with the exception of 
products that are specifically formulated to allow 



i* ■ mb 

release. Preparations of penicillin G intended for intramus¬ 
cular (tM) use (e.g„ procaine and benzathine) may be 


an infrequent reaction and occurs less commonly wiih 

cephalosporins, Pcnieilloic acid i\ the more likely mediator 

of hypersenskts ity reactions; it is generated from the activ¬ 
ity of several enzymes of variable sourees. Thrombocyto- 
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pen id hiis been reported lo occur with some members of 
tills cl&SS. 




The hroad spectrum and wide safety margin of the p 
lactam antj hi ones lead to their common use. ( aution is 
recommended. however when they are- used to treat corn- 

plicated infoe turns without the benefit of culture and sus¬ 
ceptibility data Resistance develops relatively rapidly; and 
the drugs an nut ehameieri/ed by an excel lent distribution 

pattern. The narrow spectrum of natural penicillin limits 
its use as the drug of choice u» treat anaerobic infeetiomi. 
and its availability as IV solutions results in its combination 
with other antimicrobials in the case of life-threatening 
Ntt susceptible infections. I‘so of P-lactamase 'protected 
penicillins such its dicloxaciilin is limiled by cost and a 
relatively narrow spectrum. 

The amino penicillins tend lo be first-choice antimicrohi 
ah for empirical antibiotic therapy of most body systems 
with perhaps the CNS as an exception. Of Lite aminopeni- 

cillins, amoxicillin is preferred for oral administration be¬ 
cause of its enhanced bioaYailability and perhaps slightly 
better efficacy. Because amoxicillin is susceptible to f$- 
lactamasc destniciujn, combining amoxicillin with clavu- 
lunic acid should he considered for any infection that is 
complicated„ uu lading infections that occur in diflicijll lo 
peneirate tissues and infections associated with large bacte¬ 
rial inoculums, 

Use of the extended spectrum penicillins tends to be 
limiled to complseated infections; empirical therapy for 
life-threatening infections for which broad coverage is de¬ 
sired (including prophylaxis in the immunocompromised 
patient) or infections for which culture and susceptibility 
dau are available. Because the extended penicillins are 
susceptible to p lticuijna.sc destruction, combination w.ih a 
p-lactamase protector (e g., tie arc il tin and dmilamc acid! 
or use of imipenem—which is inherently more resisiant 10 
p-lactumasc destruction—should be considered, Imipenem 

should be considered before other 3-Iactams for treatment 
of infections assiHaatcd with endotosemia because this 
drug is associated with the least endotoxin release 

The first-general ion cephalosporins are excellent first- 
choice antibiotic* for many infections, including urinary, 
skin, and respiratory tract infections. Their relative res is 
lance lo pf»lactamases produced by Staphylococcus leads to 
their frequent empirical selection for infections in which 
Sjajrh\inrfHcu.<i is assumed to he involved, Their efficacy 
against Staphytotwcus as well as against many gram- 
negative organisms leads to (heir selection for surgical 
prophylaxis. Of the secontl-generalion cephalosporins, cef¬ 
oxitin should be considered for empirical therapy requiring 
a broad - spectrum antimicrobial. With the exception of P 
aeruginosa* cefoxitin is effective against most othCT organ¬ 
isms The use of other second-generation and the third- 
generation cephalosporins ns probably best based on culture 
and susceptibility data because the spectra of these drugs 
are so variable. 

[i-[ .iciano should be the first drugs considered for com¬ 
bination antimicrobial therapy; Their unique mechanism of 
action facilitates movement of other drugs into bacteria. 


which should facilitate cfticucy of other antimicrobials that 
arc more toxic than penicillins. The risk of resistance 
should also he reduced as antimicrobial movement into 
the cell is improved, fi-Lactams art combined with drugs 
effective against gram-negative organic mi when broad- 
spectrum therapy is needed as m the case of life-threatening 

in feci ions for which the causative organisms are nos 
known: polymicrobial infections involving anaerobes and 
aerobes; or gram-posi I i ve and gram-negative organisms 


AMINO G LYCOS IDE 



Despite their potential nephrotoxicity, aminugly cos ides re¬ 
main the cornerstone of aerobic gram-negative therapy in 
many complicated or serious infections. Minor differences 
in the chemical structures of these drugs lead lo differences 
in efficacy and toxicity. Clinically useful aminoglycosides 

include neomycin, gentamicin amikacin, and streptomycin 
(or dihydrosireptoiriycinl. Newer aminoglycosides include 
tobramycin ami netilmicin. 


Mechanism of fiction 

An 11 nog!\ coside compounds are composed of an amino 

sugai linked through gJycosiilic bonds to an amino cylilol 
(Ncu, 1994; Riviere and Spots, 1995c They vary in the 
amino sugar and the specific number and location of the 

amine groups (Fig, 9-4), Aminoglycosides must be actively 

transported into the bacterial cell Their efficacy depends 
on a high oxygen lension in the environment. 

Transport of aminoglycosides into the bacterial cell be¬ 
gins with an initial ionic interaction between the positively 

charged aminoglycoside and the negative bacterial cell 
membrane. An acidic environment should facitiiale uptake 
of these basic drugs by increasing the attraction of the cell 
membrane and the aminoglycoside. Ions such as calcium 
and magnesium in the lipopolysaccharide membrane help 
prevent aminoglycoside transport into bacterial cells (and 
renal tubular cells I because the cationic charges repel the 

drugs, thus decreasing interaction between the drugs and 
the Lipopoly saccharide membrane. Removal of (Ik cations 

(such as with LDTA or in the hypocakemic patient) fatili 
tales aminoglycoside movement into the cell ( Ncu, 1994; 
Riviere and Spoo, 1995). 

Because oxygen is needed lor active transport anaerobic 
organisms are inherently resistant to aminoglycosides and 
aminoglycosides are ineffective against facultative aerobes 
located in an anaerobic environment. Once inside the cell, 
aminoglycosides bind to both the 3f)S and 50S subunits of 

ribosomes (Fig, 9- 5). Binding is so effective that polyribo¬ 
some formation is prevented, and protein synthesis is im¬ 
paired due to altered synthesis and misreading Thus* in 
contrast lo bacteriostatic drugs, which bind to single ribo¬ 
somes. the aminoglycosides are more likely to achieve 
bactericidal concentrations saleh in animals. 

ip 


Spectrum of Activity 

The spectrum of activity of aminoglycoside* (see Table 
9-2) includes most aerobic gram-negative bacteria, partial- 
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Erythromycin 


larly P iifli. K. pneumtmiae t E aeruginosa. Prvttus spe¬ 
cies, and Strraiut species (Neu, 1994; Riviere and Spoo. 

1995; Koudehuxh and fades, 1982: Brown. 14HH) These 

drugs are also effective against selective aerobic gram- 

positives oiganmm, must notably Staphylococcus species. 

Gentamicin, tobramycin, and amikacin are particularly ef¬ 
fective against P. aeruginosa. Proteus species, and Serratia 
species; gentamicin is the Least effective of the three against 

P aeruginosa, hut most effective against Serratia manes- 
cfns. Amikacin is most effective against P. aeruginosa. 


Wiih (he exception of Pseudomonas species can obligate 
aerobe), these organisms are facultative anaerobes and. if 
cultured aerobically from an anaerobic environment, may 
fail to respond lo aminoglycoside therapy in the patient. 

The aminoglycosides are also effective against Nocantut 
and selected atypical mycobacterial organisms. 

Bactericidal efficacy and the post anti biotic effect of 
aminoglycosides correlate with peak concentrations, which 
ideally should be at least four to eight times the MIC of 

the targel organism (Mailer et aL 1943; Nordstrom et al.» 



Ribosome 

anc) mRNA 


o Ammo acid 



tRMA 


On Codons for mRNA 


Macr elides 
Ltcosamides 


Figure 1-9, The nKthamsm of action of nibotfunaJ inhitauirv The amirtcglycosjifc^ Lrihi hn nhnvHimil imiiJiKin, effectively camming the multi pic 


rilHiumiAl uctwite (polyribosome I Lo a cnofiunboMmw funcOou, Tetri* sc line* hind to the *()S suhumi of ribosome*, pretuntiiLj.’ the iranslocutHm of [he 
iimino Kid from inrufet RKA KkNAi » the codon ot me*Hengcr RNA (mKNA}. ChhwTwptK-nicni and etythromsicia prrvsmi the transfer of pc-pftdcs 
hy binding to [he 50S ■'uhumt. Erythromycin mui dmdamyrin prevent itjn^h^^tion of (he pepuiic. Dru^ [hid Att jt the > 4 une siiv should mu be u^ed 
in combtiutirm 











iMl - \ Iterjpcul Hr* Approach 


1990; Rowel) cl ill-. 1983; Bkt 1991; Reiner et al., 
19781. In contract the toxicity tif aminoglycosides is corre¬ 
lated with mnigh concentration* (sec later discussion of 

the adverse effects of aminoglycosides l Foi treatment of 

selected susceptible bacteria, once daily administration of 
aminoglycosides has been shown to be both clinically (Van- 
haeverhCL-k ct a!,, 1993; Powdl el al.* I9K3; Reiner el aL 
1978: and experimentally (Powdl el al., I9H3; Blaser 
1991; Blazer ct al.. 1985) equal to or more eflicacious and 
safer than ihe traditional frequency at administration (i e., 
two to three times daily)- The appropriateness of this dos 
mi method may vary with the organism and the immuno- 
competence of the patient. 


Besides ihe inherent resistance uf anaerobic organisms (due 
to decreased active transport), resistance to aminoglyco¬ 
sides iv acquired. by altered porin viz e in the gram - negaii ve 
organism and, more common ly T destruction by microbial 

enzymes insi d& the cell. Target sites ol destruction by these 
enzymes are harder to reach w ith amikacin; hence amikacin 
r less vulnerable to resistance than are ihe other aminogly¬ 
cosides iNcu. 1994, Rtiudebush and Fales, 19821. 

Pharmacokinetics 

The aminoglycosides are water soluble weak bases, and as 
such they are poorly absorbed from the gastrointestinal 
tract. An exception might occur in very young animals (still 
absorbing colostrum! or in the presence of inflammatory 
gastrointestinal disease (Riviere and Spoo. 1995) Amino- 

gly cos ides must be administered topically (including aero¬ 
sol i/aliodl or parenterally but can be used orally for bacte¬ 
rial cleansing of the gastrointestinal tract. Absorption of 

aminoglycosides from 1M or subcutaneous (SO injections 
i> generally good, although variability occurs. 1,i. dogs, 
gentamicin is 95% hioavai table after IVt injection but only 
68% bioavail able in eats. Amikacin is 90% to 100% bio- 
available in dogs and cals after 1M or St'' injections. Gener 
ally, peak concentration after SC administration u less than 
that after 1M administration, and both are Jess than that 
after IV adminmiration (Boothe, unpublished data) Kami- 
mycin. which is structurally very similar to amikacin, be 

haves similar to amikacin (Riviere and Spoo, 1995). 

Although aminoglycosides are distributed to extrace'hi¬ 
lar fluids, their penetration into many (issues is considered 
poor (Boothe unpublished data). Therapeutic concentre- 

turns c m be attained in synov ia and m pleural and perito¬ 
neal fluid, particularly if membranes are inflamed. Thera¬ 
peutic concentrations generally are not attained in C5F, 

ivular fluids, bile, milk* and pro static secretions. Amino- 
glycosides arc actively accumulated by renal tubular cells, 
but in small animals this is of more relevance to toxicity 
than to efficacy. In addition to anaerobic environments, 
the efficacy of aminoglycockle* is reduced in an acidic 

environment such as Might occur in the urine, ascitic fluid. 

and abscesses. 

The aminoglycosides ore dim mated by glomerular fil¬ 
tration. which is a relatively inefficient process. Alkaline 


urine pH facilitates reahsorption. Drug elimination half-life 

is generally less than 2 to 4 hours. The disposition of 
aminoglycosides varies among animals, primarily because 
of differences m glomerular filtration rates, Elimination is 
slower '.n larger animals as glomerular filtration rate in¬ 
creases with body size. Dosing based on metabolic rate 
normalizes the rate of dimi notion and might be considered 
in pattern* predisposed to aminoglycoside nephrotoxicily 

The disposition of aminoglycosides differ among age*. 
Plasma drug concentrations ore less in the neonate and 
pediatric patient because greater local body water and extra¬ 
cellular fluid compartments Lna ease the volume of distribu¬ 
tion of the drag* from 0,25 to 0.35 Dig. Renal clearance 
of aminoglycosides is less. Thus, for young animals, the 
dose of aminoglycoside* should he increased, but the inter¬ 
val should he prolonged (although ixH necessarily beyond 
24 hours) Disposition is also altered hy disease. Dehydra¬ 
tion and obesity increase plasma drug concentrations; in¬ 
tensive fluid therapy, ascites, or other syndromes associated 

with fluid, accumulation and endutoxemia decrease plasma 
aminoglycoside therapy (Riviere and Spoo, 1995), Elimina¬ 
tion is impaired in the patient with renal disease; dosing 
regimens ore usually modified hy lengthening the interval 
based on serum creatinine concentjali on. 

Adverse Effects 

The aminoglycosides induce a glomerular and (principally) 
tubular nephrotoxicity that is largely reversible unless al¬ 
lowed to progress to mi irreversible slate Toxicity results 
from active uptake into the renal tubular cell and disruption 
of cellular Lysosomes (Fig, 9-6), A* with uptake into the 

bacterial cell nephrotoxicity may be related to the number 
of positively charged amino groups on the drugs (Men, 
1994) An acidic local pH may enhance uptake by ionizing 

the aminoglycoside Of the clinically used aminoglyco¬ 
side*. neomycin is the mow nephrotoxic and dihyditHtrtp- 
tomyein the least The nephrotoxicities of the other amino¬ 
glycosides arc between these two extremes. Uptake of 

aminoglycosides may be related to the amount of phuspha- 
lidy1mnsiU.il in the cell membrane; the amount of this 
phospholipid is disproportionately higher in renal cortex 
and cochlear tissues (Riviere and Spoo. 1995), Impaired 
synthesis of protective vasodilatury renal prostaglandins by 
the aminoglycoside may be important to the development 
of nephrotoxicity. 

Reversible renal impairment occurs in up to 25% of 
human patients receiving aminoglycosides for more than 
$ days. The exact mechanism of aminoglycoside-induced 
nephrotoxicity is not known. Toxicity begins as the anionic 
phospholipids of cite renal tubular cell membranes attract 
and bmd the caiionically charged drug:'-. This attraction can 
be competitively inhibited by divalent cations or decreased 

in mi alkaline urine. Aminoglycosides are then actively 

accumulated into the cell by pinocytosb; intracellular accu 
mulation may result in concentrations greater than 50- fold 
of that in plasma. Inside renal tabular cells, aminoglyco¬ 
sides are sequestered in lysosomes, which appear morpho¬ 
logically as myeloid bodies. The drugs are slowly elimi¬ 
nated back into the urine ax myeloid bodies containing 
drug. RNA + and DNA after the tubular cell dies, I he cause 
of tubular cell death remains unclear, although a number of 
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Figure y b ..'phmtounry of iminoglvcnMiUs occurs primarily In lhe prnMmal luhular cells. The cationic ch.irpc n| the Jrajn n attracted to ihc anionic 
ujhuigc of iHl' ^hihopluil ipidit in the cell membrane, kwiiAiiion (iia tat mid occur in ms acidic cnunimhcM) fncLlimiCK bindiiif. The dnig u actively 
.icvcimuIdled jn the cell b\ pinocyinsis Inviik: the cell, the drugs acttiimjliiic in ly wv yintti. cautiing lysownul disrupucti and release of myeloid bodies. 

Milthhutldml function is jIv.i impaired. The cUl-lU nl po «st je I act Jj n on rr-ftaJ blood flow may l on I [fruit: to the Luttcil) nj jrUiixigbtOsnk 1 v. 


cellular functions lin addition io lysosomal) arc impaired. 
Mitochondrial respiration is decreased, impairing energy 
resources of die cell. Again, this may reflect interact ion 
between the drag and mitochondrial cell membrane Proxi¬ 
mal tubular permeability may be impaired both directly as 
drugs interact with ihc cell membrane and indirectly as a 
result of impaired Na .K ‘-ATPa.se activity. Aminoglyco¬ 
sides also alter glomerular function perhaps by reducing 
the number and size of glomerular endothelial cells iRivi¬ 
ere and Spoo, 1995). Finally, phospholipases important 
for renal prostaglandin synthesis are among the enzymes 
impaired hv aminoglycosides. The initial decrease in glo¬ 
merular filtration that accompanies aminoglycoside therapy 
may reflect the inability of the kidney to vasoddatc in 
response to vasoconstrictor actions such as that signaled 
by angiotensin 11 (Riviere and Spmi, 19951. 

A hi modal course of aminoglycoside-induced nephro¬ 
toxicity has been described in the dog. with an initial 
subclinJcaJ phase characterised by a concentrating defect 

and an azotemic phase. The amount of aminoglycoside 
necessary to impair renal function has not been determined, 
m part because different drugs are studied ai different doses 


and intervals, In clinical patients, this amount is likely to 
further differ because of differences in drug disposition 
and renal susceptibility to tuiudty, In experimental animals. 

gentamicin at 4 mg/kg every 12 hours in dogs changes 
urine osmolarily within 7 days and an increase in serum 


creatinine by 17 days, Urinary prostaglandin E activity 
decreases before azotemia, which may be responsible for 
the state of nephrogenic diabetes insipidus. Higher doses 
Of 30 mg/kg administered at 8-hour intervals in dogs results 

in increases in urira: y -gjutamvItiansfcrase within 2 days 

and serum creatinine within 9 to 12 days. Studies in cats 
have focused on doses of 35 mg/kg or more at intervals of 

12 hours or less (Riviere and Spoo, 1995), 

.Studies that have focused on aminoglycoside loxicity in 


dogs and cats have used an interval that ranges from 12 
hours to constant IV infusion. Recent studies in dogs 
(Boothe, unpublished data), people, and experimental mod¬ 
els have supported a 24-hour dosing interval (administering 
the total daily dose once a day) for aminoglycoside therapy. 
Efficacy and safety at 24-hour dosing intervals appears to 

he equal to nr enhanced (due to a higher inhibitory quo¬ 
tient) compared with efficacy and safety at shorter inter¬ 
vals Efficacy is enhanced because of the larger inhibitory 
quotient !plasma drug concentration to MIC), Safely is 
probably enhanced in Lhe presence of the low plasma drug 

concentrations ihat occur during the end of the dosing 
interval. Renal accumulation of drug decreases, and drug 

that has been accumulated may actually leave Lhe cell 
(Riviere and Spoo. 1995). 

Some patients (e,g.« pcdialiic dogs '.\4 days of age + 
patients with diabetes meUitus or hypothyroidism) are pro¬ 
tected against aminoglycoside (gentamicinPinduced neph¬ 
ron im city because renal accumulation in the conical tissues 


K limited (Cowan et ai , 



; Brown et al.. 1991). The 


risk of toxicity with aminoglycoside therapy is greater if 

any condition of the patient depends on renal prostaglandin 
formation, such as hypotension, shock, endotoxemia. renal 

or cardiac disease, or with concurrent drug therapy that 
impairs prostaglandin synthesis, such as nonsteroidal anti¬ 
inflammatory drugs (Neu, 1994; Boothe. 1995). Metabolic 
acidosis lor an acidic urine pi 1 > also predisposes the patient 

to aminoglycoside nephrotoxicity because drugs are ionized 
and attracted to the anionic changes of cell membranes 
(Hsu et al., 1974), 

There is no sensitive indicator of renal damage induced 
by lhe aminoglycosides. Changes, in urine osmolality or 

sodium fractional clearance typical of the initial suhe Imical 
phase may del eel a concentrating defect. Release of renal 
luhular enzymes such as y-glutamy I transferase into urine 
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lav. bren used cxpcrimentalI y lo incisure aminoglycoside 

toxicity, The enzymes me rease within several days after 
damage has begun rwenty-four-hour sample collection fur 
these procedures is, however, impractical. A change :n 

gentamicin clearance may be the most sensitive indicator of 
aminoglycoside toxic*ty r Brown and Garry, 1988 Frazier a 

a]., 1988; Riviere and Spoo, 1995). More recently, measure* 
mini of the urine creatine lo ■y-glutamyltransfera.se ratio in 

' spot" samples of urine have proved useful in expoimen¬ 
ial modehuf anti .flog I y cos ide loxlciiy iGrauer el: al,, 1995), 
Ratios may »oi, however, change until several clays Aim 
loxicity has begun (Riviere and Spou. 1995). A clinical 
model for prediciimg aminoglycoside toxicity has been de¬ 
veloped in humans. 

Changes in aminoglycoside clearance may be (he earli¬ 
est indicator of nephrotoxicity Renal damage may continue 

after the drug has been discontinued lor reduced I as the 
tubules, eliminate accumulated drug. NephnUuxictiy is thus 
best avoided and can he minimized by 

W 

1. Using the least nephrotoxic aminoglycoside (i £., 
amikacin vs. gentamicin) 

2. linsuring that the patient's hydration siarus is ade¬ 
quate 

3. Modifying dosing regimens 'based on MIC data, ther¬ 
apeutic drag mon boring. and serum creatine concentrations 

4. Maximizing peak plasma drug concentration while 
ensuring that trough plasma drug concentration drops be¬ 
low 2 iig/mL 

5. Using once daily therapy when appropriate 

6. Using combination antimicrobial therapy, particularly 

with synergistic antibiotics 

7. Avoiding use of other nephrotoxic nr nephroacnve 

drags, including ami proslag landins and furosemnfc 

8. Administration during periods of activity (e.g,, nor¬ 
mally in dogxh 

TlcurciJJin can be used to bind aminoglycosides in pa¬ 
tients accidentally overdosed, although overdosing may :iot 
bo a problem if the drug half-life is near normal. The 
spectrum of the lirst-ge iteration cephalosporins is similar 
to that of die aminupcnicillins (Vaden and Riviere, 1995). 

If the source of infection is m the urinary tract, maintaining 
an alkaline pH will enhance the efficacy of the aminoglyco¬ 
sides while decreasing renal tubular cell uptake of amino¬ 
glycosides, presumably due to decreased ionization of the 
drugs. The role of prostaglandin analogues (e.y., inisopro*' 
tol) m the prevention or treatment of aminoglycoside toxic¬ 
ity has not yet been established. 

Aminoglycoside* can cause an irreversible ototox city. 

although this is not likely to occur at therapeutic doses as 
long as trough concentrations am lower than 2 pg/mL. 
like nephrotoxicity, ototoxicity relied* active uptake of 
the drug by hair cells of the cochlea. Both auditory and 
vestibular toxicity may occur. As with nephrotoxicily, the 
ototoxk potential of each drug varies* The drugs typically 
should not be given to a patient with a perforated eardrum. 
Aminoglycosides can cause neuromuscular blockade due 
to unpaired calcium release at myoneural junctions. The 
nsk is gresier with l\ administration, in the presence of 

hypocalcemia, or when combined with other agents active 
at (he myoneural junction (e.g,» anesthetics, skeletal muscle 

rclaxauLs), 



Despite their ability to cause nephrotoxicity, the amiaogly- 
cosides remain the most effective drags for the treatment 
of serious gram-negative infections. They arc also effective 

against Stuphyiaaoccus. Ntx-£trdia t Artitiomyws* and se¬ 
lected mycobacteria, ( autioit is recommended in their use 
lor infections in tissues lhal are difficult lo penetrate ami 

infections that may be located in an anaerobic environment. 
Combination therapy and topical therapy tin addition to 
systemic therapy) should be considered whenever possible 

for serious or complicated infections. Aminoglycosides 
cannot 'he given orally, and their use might be limited to 
hospitalized patients. Oncc-dnily therapy, however, in¬ 
crease* the convenience and safety of unmoglychides 
used on an outpatient basis. 

Maintaining hydration is probably the single most im¬ 
portant means by which the risk of nephrotoxicity can be 
minimized. Ototoxicity also can be minimized by hydra¬ 
tion. aid avoidance of topical administration, particularly 
in the presence of a perforated eardrum. Although gentami ■ 

cm is the most economical form of aminoglycoside*, ami¬ 
kacin shouJii be considered for serious infections because 
of its improved resistance to antimicrobial destruction and 

better efficacy against some organism*, including P. fwnugi- 
tu)\a The aminoglycosides are often used in combination 

with other antimicrobials that have a less comprehensive 

gram negative spectrum. \s with imipcitem, the aminogly¬ 
coside* cause minimal endotoxin release in patients suffer¬ 
ing from gram-negative infections associated with a large 
inoculum (Riviere and Spoo. 1995), 


FLUORINATEO QUINOLONE 



[Tie fluonruled quinolones arc a relatively new class of 
antibiotics. They consist of synthetic agents that ore mini¬ 
mally to* ic yel ore very effective m the treatment of many 
aerobic gram-negative organisms and selected gram-posi¬ 
tive organisms, 



The progenitor of the fluoridated quinolonen is nalidixic 
acid. The addmon of the fluorine atom and other synthetic 
changes made to nalidixic acid have resulted in a broader 

antibacterial spectrum, better tissue distribution, and fewer 
side effects. All of the flunrinated quinolones contain a 
carboxylic acid group! which is necessary for antibacterial 
action) tposition 3) and the fluorine atom (position 6); 

many also contain a piperazine ring 4position 7). 

Four drags are currently approved fur use in small 
animals in the United Stales: enrofloxacin (the first ap¬ 
proved, for both dogs and cats)* followed rapidly by or- 
bifloxacin (dog*), djfloxacm fdogsl, and marbofloxacm 
(dogs; cats expected) (Fig. 9-7), Variations in the chemical 
structures of these drags result in few difference* in the 
tissue distribution and spectrum of those products currently 

approved for use in dogs and cats in the United Slates 

Human fiuurinatcd qumolone.s f i .e., ciprofloxacin) continue 
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Figure $-7. Vanuu.", >uI>m iiuL ii» ti> ui the core kheiiULaj xtucluic *>t the fluorinaled tfLiitiu Units have unpruvol ifaeir *pcctniiH. cfficucy, umJ tissue 
pervtralion. The rffienc) of the fluurmiued qujnolone* ik'pniil- on the keiooe group at poulion 4 and m the nrinsylic acid m powhiem * (TiecPHwy 
tiw inhiF>ti hhi i >t UNA gyrawl. The ftottmw it poMtkm 6 markedly expanded the speclrum of nalidixic jl>J, the pr<*:ii™jr »t the Huomutetl qunkilune». 
Efficacy acainst gram negative ixj; .morns ua% improved, and the qxetann wh etpjruled against gram-positivt organism* The vi bairn rum In the I 

position differs among drugs., hut rim^r - «>n uining an ethjl -'roup tend to he the most effective. Chang** ji the 5 postnon me resptmsihfce for many *r 
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also provide better tissue pcnctraLiuin as *dl as an increased spectrum against fjrm^MJwwrcJA sp. Ejiroflmokin is convened to dprufkixifcin 


to be used in animals in the United States, although the 
wisdom of this use is questionable. Ciprofloxacin is the de- 
cihylated metabolite of enrofioxaan Norfloxacin was the 
first human fluorinated quinolone used in animals in the 
United Slides- rarely is ihis dmg used in veterinary medi¬ 
cine, and it is minimally addressed here. 

Enroflaxacm has been available in, ihe United States for 
more than 10 years, ami a considerable amount of informa¬ 
tion is available for this drug. Additionally, because it 
is simicHirally similar to ciprofloxacin and because it is 

metabolized (approximately 20% to 25* r) to ciprofloxacin, 

information m the human literature regarding efficacy for 
ciprofloxacin is largely applicable to enterofloxaciti. 
Applying pharmacokinetic informal ion regarding cip¬ 
rofloxacin to cnrofloxaci n should, however, he done cau¬ 
tiously because differences exist among species that may 
affect clinical efficacy. Although nuibofloxacin has been 
approved only a short period of lime in die United States, 
the drug has been used since 1994 in Europe, and a consid¬ 
erable a mini ill of i n formal son is available regarding this 

drug. In contrast, information regarding orhiflovacin and 

difloxacin is considerably less. 


Mechanism of Action 

The fluoridated quinolones impair DNA gyruse, one of 
several topoUomera.se enzymes important to bacterial DNA 
replication. Bacterial DNA, which can be up to 2 m long, 
is normally in a supcrcoiled state (Ncu, 1989), Replication 
requires uncoiling, which can cause light kinks and breaks 


in the DNA, After replication, the breaks in DNA must he 
rescaled (.Fig, 9-8). Bacterial DNA gyrasc, or topoisomcr- 

ase 11, cuts, separates, supports, and re seals the strands of 
DNA during replication Although the exact mechanism of 
DNA damage induced by the fluorinated quinolones is not 
known, it is possible (hat "nicks” or cuts in the DNA 


that are not rescaled lead lo subsequent DNA destruction. 
Bacterial DNA gyrate is on ATFase-dependent enzyme 
comprised of two A and two B subunits. The A subunits. 

for strand cutting and resealing (the B subunit 

generates energy for the process* are the target of qutno- 

lone actions. 



DNA gyrasc actions one inhibited at concent rations of 
(>. I to 10 jag/niL. The unique mechanism of action of the 
lluorinated quinolones renders rapid bactericidal activity 
w ith minimal effects on the host. The rapid!tv of action of 
these drugs often is the reason for preference of these drugs 
compared with other equally but more slowly effective 
antibiotics (e,g.* amoxictUin/clavulanic add combinations 

lar the treatment oE selected pyoderma}. Although mam¬ 
mal DNA replication is also dependent on a topoisomerase, 
its function is somewhat different. More irnportiuilly, affin¬ 
ity of host topoisonicrases is less than 0.001 of that of 
bacterial DNA gyra.se. 

The coTKentration of fluorinated qumolones necessary 
to inhibit the growlh of organisms (MIC3 is very close to 

that necessary lo kill the organism (MBC). The time to 

effect fm fluorinated qumolones is very short i30 minutes); 
and the duration of the postanlibiolie effect is up to 8 hours 

after drug exposure (Spoo, 1995b; Neu, 1989; Prescott, 
1990; Wctzstem, 1995), The MTCs of these drugs for su*~ 
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ixpliblc organisms arc very low compared with most other 
antimicrobial drugs. 


Spectrum of Activity 

Wa(h the exception of pretloxacin. a new fluorinaLcd quino- 
lone. the spectra of activity of the fluorinated quinolones 
(see Table 9-1) are very similar among the drugs and 
with some notable exceptions, are similar to those of the 
aminoglycosides, Their spectra have been described as 

*'broad. M However, although this term might describe the 
class, it is only appropriate for prefioxaein, All veterinary 

fluoridated quinolones are characterized by a broad gram 

negative spectrum. Organisms particularly susceptible in¬ 
clude A, coh, Klebsiella species, Entemhacter cloacae. 
Proteus mirahilis, Citroikicter frvundii, and 5. marcescens. 
Although P. aeruginosa generally is included in the spec¬ 
trum, efficacy against it varies with the individual drugs. 

with orbifloxacin reporting the highest M1G» compared to 

peak plasma concentrations. W ith the exception of pre- 
ffoxucin, the gram-positive spectrum of the drags is less 
predictable, with selected gram-positive organisms, most 
notably Staphylococcus species and Mime Corynrbactehum 
species being particularly susceptible. With prefloxacm, 

most gram-positive organisms are susceptible at low MIC. 

Other susceptible organisms include Campylobacter, Sal 
/Tiofutfa, Shigella* and Ycr.utuu: the drugs exhibit variable 
efficacy against Streptococcus species and Enterococcus 

faecal ts (Spoo and Riviere, 1995b; Ptrescott and Yielding, 
1990k The MIC of most susceptible gram-negative organ¬ 
isms is 0-25 |Ag/mL or less. An exception is R aeruginosa, 
whose MIC is often l to 2 ng/mL As with aminoglyco¬ 
sides. anaerobic organisms are generally resistant to all 
lluonnated quinoloncs. with the exception of prefloxacm. 
However, enrofloxacin may achieve effective concentra¬ 
tions for some organisms when used at the maximum dose 

(20 mg/kg). Most anaerobes are included in the spectrum 


of prefloxacin, including Bade ro ides, Clostridium, and 
Peptostneprococcus. The fluorinated quinolones offer sev¬ 
eral advantages compared with the aminoglycosides, They 
arc effective against susceptible organisms located in an 
anaerobic environment. Other organisms that are suscepti¬ 
ble to the fluorinated quinolones include mycoplasma, 
some rickettsial organisms (in vitro data and iunited clini¬ 
cal data indicate efficacy against organisms causing ehr¬ 
lichiosis Lind Rocky Mountain spotted fever lsee Chapter 
10]), and selected mycobacterial and chlamydial species. 

Efficacy against leptospirosis is supported by limited stud¬ 
ies. 


The efficacy of the quinoloncs appears to correlate more 
closely with peak concentrations (i e , they are concentra¬ 
tion dependent) than with duration of plasma drug concen¬ 
tration above the MIC {Wetzstem, 1994; Walker et ak. 
1992); thus, care must he taken not to underdose, Duration 
of time that plasma drug concentrations are above ihe MIC 
may also, however, be important for selected organisms. 

The efficacy of the fluorinated quinoloncs occurs, in pan, 

because of a long postantibiotic effect, which also is com 
cenitration dependent. Depending on the organisms, drug, 
and concentration, the postanti.biotic effects can approxi¬ 
mate 5 to H hours (Spoo and Riviere. 1995b; Rower et al. p 
1992; Witte and Grimm, 1992). 

Each, of the fluorinated quinolones has been appro veil 
with a professional flexible label. For enrofloxacin and 
orbifloxacin, the label allows once-daily or twice-daily 
dosing, whereas for murbofloxucin and difloxaeiin, the dose 

is limited to once a day, The range of doses for most of the 

fluorinated quinolones reflects differences m susceptibility, 
particularly for selected gram-negative organisms, with P 
aeuruginoM being an example of an organism whose ten¬ 
dency toward resistance is suggestive of the higher once- 
daily dose (Marchbanks et at . 1993). Comparison of cost 

for these drugs should be based on the relationship of 
MIC*, of the suspected (known) organism or the MIC of 
the infecting organism to the peak plasma concentration at 
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Ibt chosen dose. Fo: complicated infections. comparison 

based on tissue concentrations rrmy he more appropriate 

Ilian dial based on plasma. 

Il iv important to note lh.nl culture and susceptibility 
testing does not exist for all rive of the drugs. Studies in 
our laboratory suggest that with few exceptions, suscepti¬ 
bility to one drug indicates susceptibility lu all drugs, 
including ciprofloxacin. Efficacy against P. aeruginosa is 

among the least predictable for this drug based on. the 
efficacies of other fluorinatcd quinoluncs. 


A major advantage of the fluorinated qimokmes is their 
lack of clinically demonstrated plasma mediated resistance 

that targets DNA gjrase [topoisomerase IJ>. Changes in the 
structure of this enzyme result in high resistance (up u> 
iHO-fold increase in MIC), but such resistance has been 

documented clinically onl> after point mutations Changes 
in the enzyme occur in only one subunit [A) and have been 
documented fur E. P. mrrugitHrxtf, C. freitndit, and S. 

mtinv\cetL\. In contrast, plasmid-mediated resistance has 
been documented as a mechanism of low level resistance 
iS to 111 limes tile resistance) fen selected organisms. Resis¬ 
tance reflects protci n-med i a led efflux of the drug from the 
' fgamsm f£ aurruxl ^ decreased drug uptake due to either 
a reduvtuxi in ptirin size iP aeruginuu.o or changes in the 

hpopolysaccharide covering of the cell wall (decreased 
]ipid constuuenis thus impeding drug transport through the 
wall into the organi ,mi iSpoo and Riviere, 1995b: Power 
ei a!., 1992: Witte and Grimm, 1992), Development of 
several of these mechanisms of resistance if inducible and 
ma> be manifested as an increase in drag MIC during 

the rap>; discontinue ion of the drug may cause the MIC to 

decrease. 

It is important to note that development at plasmid 

mediated resistance may take several decades of intense 

antibiotic use. suggesting that., as with other antimicrobial*;, 

the use of fluorinated quinoloncv ultimately w ill be limited 
by resistance. Clinically, an increasing pattern of resistance 
has been noted for both ciprofloxacin and enmAoxactn 
against several organisms, including 5. aureus, P armgi- 

tutu*, £ colt, and other gram-negathe organisms Prudent 

use oi these drugs M,c., limiting their use to critical or 
chronic* nonr expensive infections) may limit the develop¬ 
ment ot resistance, Use of cnrofloxacin should be based 

on culture and susceptibility data, it possible, to ensure 

susceptibility. The development of resistance by human 
bacterial organisms has led to a ban on the extralabel use 

of flu urinated quinolnnes as food additives (i.e., growth 
promot ants), 

Pham* cokinetics 

The pharmacokinetics of the fluorinated quinolones are 
largely comparable allhough individual differences may 
become important tot some infections. After oral adminis- 
tration, all are generally rapidly and nearly completely 

OSlbo i absorbed from the gusiruintestinal tract. Mar- 
bo Ilosacin* m roftoxacin, dsflotumacin* and orbiflovac in are 
chamcierized by lOCTr oral bioa variability, whereas both 
norfloxacin and ciprofloxacin arc characterized by MV4 or 


less oral bmav a liability in dogs. Magnesium and aluminum 

decrease oral absorption, and food may impair absorption 
by prolonging the rate (and thus decreasing maximum 
serum concentrations) but not the extern of drug absorbed. 
Because efficacy of these drugs is largely concentration 
dependent, feeding should he avoided during treatment of 
infections caused by intermediate-resistant microorganisms 
A parenteral preparation is available only for cnroflnxu 
cm. Although labeled for IM or SC use, the preparation 
can be used cautiously for [V administration. Because 

tbit class of drugs can cause mast cell dcgranulalion and 
subsequent histamine release, however, enmfluxaein should 
lx? administered as a slow bolus. Some clinicians dilute the 
drug in saline before IV injection. 

The fluor mated quinoluties are well distributed to almost 
.ill body isssucs, including bone, prostate, bite, and urine. 
Then volumes of distribution range from a low of 1.12 

(marbofluxacin) io a high of 3.2 (difloxacm). Concentra¬ 
tions higher than plasma drug concentrations are achieved 

in many tissues, including urine* lung, bile* liver* kidneys* 
spleen, and muscle (Spoo and Riviere, 1995b: Walker ei 
al,. 1992), Therapeutic concern rati on*. can be achieved in 

the prostate and C'NS against many organisms, A compari¬ 
son of the drugs is* however, more prudently based on 
tissue concentrations to MIC breakpoint or to the MIC**. 

Among the drugs, urhifloxadn has not reported tissue con- 

centra lions. Th* 1 flunrinalcd qtiinoloncs also arc actively 

accumulated by white blood cells up to 140-fold compared 
Willi plasma. This has been documented for cnrofloxacin 
and marboffoxaein. 

Difloxacin is eliminated almosi exclusively by hepatic 
metabolism lo inactive metabolites. Marbofloxacin is 40'$ 
and orhifloxacin is 4094 eliminated unchanged in the urine. 

I'p lo 1594 of marhofloxacin is meiaholized in the liver 

lo inactive mdaholites. Enrofloxacin also .* eliminated 

predominantly in the urine as die unchanged drug* although 

up to 2591 of the drug is metabolized to ciprofloxacin 
'Fig. 9-91. which subsequently is further metabolized into 
inactive metabolites. Therapeutic concentrations (0,2 to 1.8 
pg/mL) of ciprofloxacin can be achieved for some organ¬ 
isms with oral therapeutic stesej. (5 2 to 20 mg/kg) of 
cnrofloxacin (Walker, 1992: Boothe* 2000). \i can be antici¬ 
pated thal cnrofloxacin and ciprofloxacin will act in an 

■idditive fashion tser Fig. 9-9). The lack of metabolism for 

marhofloxacin or nrbifloxacin may be an advantage for 

patients with liver disease. Additionally, each may be pre¬ 
ferred fm patients receiving other drugs metabolized by 
the liver because of ..i decreased risk of drug interactions. 

Alkaline urine increases the passive reabsorptiou of flu- 
nri ruled quinolones from the renal tubules and may prolong 

the elimination half-life. Difloxacin and marixffloxM in are 
characterized by a longer elimination half-life* which is a 

pharmacokinetic fact targeted by manufacturers ol These 
drugs. The elimination half-life of antibacterial activity for 
enmfloxacin is prolonged by (he presence of ciprofloxacin. 

This prolongation of efficacy may indeed be clinically 
relevant if efficacy of the drugs can he shown to be related 
lo lime of plasma drug conccnlriuion above the MIC,. 
Otherwise, the advantage of a Longer elimination half-life 
bn any fluonnated quinokme is not clear. The metabolism 

of cnrofloxacin to ciprofloxacin plus the poor oral bioavail- 
ability of ciprofloxacin and the siiniiaritiex in the spectra 
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of the two drugs make use of oral ciprofloxacin in lieu of 
cnrotioxacin for the veterinary patient a questionable 

choice. 


Drug interactions 

The fl normal ed quinoloncs inhibit selected drug - metaboliz¬ 
ing enzymes and are known to prolong the efi mi nation of 
selected drugs. Theophylline toxicity has been documented 

in humans simultaneously receiving theophylline and cip¬ 
rofloxacin; a similar interaction has been reported in dogs 
receiving both theophylline and enrofloxacin (see Chapter 
4i. Because iKl' interaction appeals to involve competitive 
inhibition, the risk may be less for fluoridated quiiolone* 
minimally metabolized (eg, marbofloxactn) or greatest 
for drugs almost completely metabolized (c.g.. difloxucin). 
Because of chelation bv magnesium, calcium* and other 
cations, drugs such as antacid*, sucralfate, and multiple 
vitamins should not be administered orally at the same 
time as a fluoridated quinoloftc. 


Adverse Reactions 

Adverse reactions to (he fluorinaied quinoloncs are limited 
Curtilage deformities and joint growth disorder have been 
documented in dogs alter administration of an* fltioriruiied 
quinolonc. Lesions in adult dogs require much higher con¬ 
centrations. Lesions have, however been documented in 
tkigs of any size at 3 to 4 months of age w hen administered 
at only five times the maximum recommended dose (mar- 

bofloxaeiny Lesions occur as little as I to 2 days into 

therapy. As such, the drugs should he avoided in growing 

annuals less than ( > t small 1, 12 (medium to largek tir LB 
(giant) months old and in pregnant animals. Lesions have 
also been reported in other species, including humans. The 
mechanism of cartilage damage may be related to chelation 
of magnesium in the joints, Use of cboodroprotecUnts (i,e.* 
poly sulfa ted glycosaminoglycansi might be considered if 
iluofinaied qumolone therapy must he instituted in grow¬ 
ing dogs. 

The 1M administration of enrofloxadn frequently causes 
pam on injection. Gastrointestinal upsel evidenced hy vLim¬ 
iting, nausea, and possibly diarrhea may occur after any 


route of administration but particularly oral administration. 

Seizures have been precipitated in human and veterinary 

patients: predisposing factors include a pre-epileptic state, 
high dose*, and concurrent use of nonsteroidal anh-in- 
fliunmatury drugs (Halliwel! et aL, ). Adverse neat- 
lions* including nausea and vomiting, have been reported 

when the IM solution is given IV and may reflect histamine 

release. The IM solution is very alkaline (pH 10). however* 
and diluting the drug in saline and administering it over 
a 31 i-tninute period may reduce nausea, Acute blindness 
(mechanism unknown) has been reported in cals receiving 
eiuofloxacin. Blindness appears u> be dose-related, being 

most severe at 50 mg/kg/day, Bayer Animal Health has 
recommended that the drug he used at dose* that do not 
exceed 5 mg/kg/day in cats. It is not dear if other fluori* 

mated quino lories cause the same effect. Crystal I uri a is a 
rare complication that may occur if hydration is not main¬ 
tained, The mle of lluorimtcd quinolonc* in acute retinal 
degeneration is being investigated. 


Therapeutic Use 


The efficacy of the fluorinaled quinolonc* against gram- 

negative and, for selected drugs, some gram-positive 
organisms* and their excellent distribution pattern, wide 


therapeutic margin, and low incidence of plasm id-mediated 
resistance lead to their use for infections caused by suscep¬ 
tible organisms in any body system. Oral bioa variability 
allows prolonged administration on an out-patient basis, 
and once-daily therapy allows for convenient dosing. Resis¬ 
tance conferred by plasm ids is limited, although it should 
be expected to iiterea.se Caution should be taken with 
selected drugs; efficacy can vary among the drugs and 
among the organisms. Although one might argue that these 
drugs should he used to ireat any infection caused by 
susceptible bacteria, a more prudent approach would he to 
reserve them for complicated or serious infections, thus 
minimizing the development of resistance. Intracellular ac¬ 
cumulation of these drugs support* use for recurrent infec¬ 
tions caused by intracellular organisms. Selected studies 
also support the efficacy of ihese drug* against rickettsial 
organisms and atypical mycobacteria. The unique mecha¬ 
nism of aciion of these drug* also render* them appealing 

for combination antimicrobial therapy. 
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TRIMETHOPRIM OR DRMFTOPRIM/ 
SULFONAMIDE COMBINATIONS: INHIBITORS 
OF FOLIC ACID SYNTHESIS 

The sulfonamides are the oldest group of antibiotics used 
therapeutically, Sulfonamides are derived from the first 
sulfonamide, sulfanilamide, itself a derivative of the j/o 
dye ProntosiL h is perhaps The long-term use of these drugs 
that has led u> the development of resistance that mm 
limits their clinical use (Sptx> and Riviere, 1995aL 


Mechanism of Action 

Folic acid is an essential substrate necessary fix - protein 
and nucleic acid metabolism. It is synthesized In bacteria 
in several sequential steps beginning with para-ami noben- 

zoic acid (PABAt (Fig. 9^|f>i, This precursor is linked 
to other substrates that arc reduced <hy dthydroptieroaie 
synthetase) to dihydrofolaie. Dihydrofolate is then reduced 
further thy dih>draft Mute reductase) to tetrahydrofolate and 
ultimately lo folic add The sulfonamides are structurally 

similar to FAB A and act as competitive substrates I an time 
tabolites) for the synthetase enzyme, Among the many 

sulfonamides used cIinically are sulfadiazine; sulLimethov- 

a/olc; still adi lurpv t ula/ine, sultaduneihovme. and sulfa¬ 
salazine. 

The sulfonamides are bacteriostatic. The diaminopyri- 
midincs trimethoprim and ormetoprim a I hi impair folic 
acid synthesis but at a different point in the metabolic 
pathway, They prevent the conversion of di hydro folate to 
tetrahydrofolate by inhibiting ihe reductase enzyme. These 
drugs are also bacteriostatic. Combinations of a sulfon¬ 
amide aniiiriicTobial and trimethoprim inhibit bacterial folic 
acid synthesis at two sequential points, resulting in bacteri¬ 
cidal effects. Mammalian cells arc not affected b> these 


drugs because they are dependent on dietary sources of 

folic acid —which microbes cannot use—and mammalian 

enzymes have a much lower affinity for the substrates than 
do the bacterial enzymes. Because folate metabolism is 
required for many cellular functions, bacterial growth is 
inhibited, 


Spectrum of A ctivity 

The spectrum of activity of sulfonamides is considered 

broad, but efficacy is variable because of the development 

of resistance. The spectrum of combined products includes 
gram-positive, gram-negative, and anaerobic organisms 
The sulfonamides exhibit good efficacy against Bmcetto 
species. Ac/wkhnvc«* Chlamydia* and Protozoa such as 
Pneumocystis carinii and Cryptosporidium species. The 

sulfonamides exhibit good to moderate activity against 
f rr»/t, Enterohacter species, Klrhxirlfa >pecies. Protein 
species Pasiettretfa species* and anaerobic organisms in- 
dud ing Ai tinomvees. Bactenrides, Fusubarttrium, and se¬ 
lected Clostridia (Hirsch et s*i_, 1979, 1985; Indiveii and 
Hirsch, I9H6). The spectrum of these drugs does not in¬ 
clude Serraita, P, aeruginosa, Rickettsia, or Myxoptasma. 
Sulfonamides alone are bacteriostatic; “potentiated sitlfon 
amides” li e,. combinations with trimethoprim or tmnett> 
prim l result in bactericidal activ ity I New. 1994; Spoo and 
Riviere, 1995a). Potentiated sulfonamides are generally 
useful for uncomplicated infections of many body sy stems. 
The role of trimethoprim/sulfonaimde combinations for the 
critically ill paiieni or for chronic infections should be 
based on culture and susceptibility information because of 

the incidence of resistance, 


Resistance 

Resistance to the sulfonamides and to trimethoprim and 

ormetopnm fused to treat gastrointestinal diseases occurs 
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relatively rapidly. Chromosomal resistance results m im¬ 
paired drug penetration, reduced affinity of (lie enzyme for 

the substrate, or increased bacterial production of PABA. 
Plasmid'mediated resistance occurs rapid I y due to altered 
drag penetration artel to affinity of the enzyme for the 
substrate, Resistance to one sulfonamide generally results 
m resistance to all sulfonamides (Spoo and Riviere, IWa i 
The increasing emergence of resistance has sharply limited 

the use of these dings. 

Pharma cokinetics 

The sulfonamides arc generally rapidly and complete!} 

absorbed after oral administration, although there are ex¬ 
ceptions. Sulfasalazine is poorly ab\Ofhed as an intact 
molecule and is used primarily for gastrointestinal diseases. 
Trimethoprim and nrroetoprim are alsu well absorbed after 

oral administration. Solutions intended for parenteral ad¬ 
ministration must he buffered to avoid pain and irritation 
due to the alkalinity of the compounds. Topical administer 

tion is not recommended because of ihe effects of these 
drugs on wound healing. An exception is made for silver 
sulfadiazine (Spoo and Riviere. 1995a) Protein binding of 

the sulfonamide* varies from 15% to 99%, Sulfadiazine 
is 30% 10 50% bound, whereas sulfasalazine is up to 
99% bound. 

The sulfonamides penetrate most body tissues extremely 

well, including die prostate, "I he penetration of these drags 
varies with the sulfonamide component Ptnstatic penetra¬ 
tion facilitated by a high plC,. Sulfadiazine (pK* b,4) is 
among Ihe best distributed sulfonamides but only achieved 
11% of serum concentration in the prostate or dogs in one 
study. Drags with a more basic pK fc may appear to better 
penetrate the prostate, although this may reflect ion trap¬ 
ping in prostatic fluids, Trimelhoprim achieves tissue cun- 

centraliom that are four times higher than' those in plasma 
Sulfadiazine can attain therapeutic concentrations in CSF, 

particularly it given IV* and is the prefeued sulfonamide 

r'or CNS infections {Spoo and Riviere* l99Sai. 'Hie combi- 

nation of a sulfonamide with a diuminopyrantidi nc at a 

ratio of 1:5 trimethoprim/sulfonamide (total dose 30 mg/ 
kg divided into twice daily doses) results In a bactericidal 
effect and a tissue distribution ratio of 1:20 in most tissues 
tNeu, 1994k 

The sulfonamides are eliminated primarily by acetyla¬ 
tion in the Liver. Dogs are characterized by weaker acetyla- 
trim than must oilier species, and metabolism occurs \ La 
other pathways. Acctvlaicd metabolites of sulfonamides 
are often levs soluble than the parent compounds, which 
increases the risk of renal damage should drag precipitate 

and form crystals. Drugs arc rmally excreted as either the 
parent compound or the conjugated metabolite by either 
glomerular filtration or active tubular secretion. Both pas¬ 
sive reabsorption and enterohepniic circulation can prolong 
(he cliininjtKn) half-life of selected sulfonamides (Spoo 
and Riviere, 1995a) The elimination half-lives of the drags 

vary with the sulfonamide component and among the spe¬ 
cies. The duration at which sulfonamides remain in the 
body leads to classification .r* short acting (12 hours or 
less >ulfacetamide. sulfathiazole, and sulfisuxazofe), inter¬ 
mediate acting {12 to 24 hours: Milfadimethoxine, sulfi- 


soxazole. sulfamethoxazole, sulfapyridine, sulfamethazine* 
and sulfadiazine), and long-acting (longer than 24 hours) 
(Spoo and Riviere, 1995a). 

After oral julminitration* sulfasalazine is partially ab¬ 
sorbed in the small intestine. It undergoes entcrahepatic 
circulation and ultimately is eliminated in the urine. Most 
of the drug (70%J t* metabolized by colonic bacteria to its 
component ports: sulfapyridine arid. 5-aminosalicyltc acid. 
Sulfapyridine B rapidly absorbed and subsequently elimi¬ 
nated in urine The 5-aininu&a.licyUc acid may provide the 
major therapeutic benefit for chronic inflammatory bowel 
disease (Spoo and Riviere, 1995a). 

Adverse Effects 

Although the sulfonamides are generally safe drugs, the 
advent of hypersensitivity drag reactions (immunologic) 
has limited their use, Immune-mediated diseases of the 
skin* kidney, liver, and eye are nm dose dependent and 
occur in response to any ol the sulfonamide*. Keratocon¬ 
junctivitis sicca has been reported in dogs after treatment 

with sulfasalazine, sulfadiazine, and sulfamethoxazole. 
Toxicity is thought to target the lacrimal gland. Prognosis 
is variable, and normal function maj not recur once the 
drug is discontinued. Prognosis is more favorable for 
younger dogs receb ing the drag for a short period of time. 
Sulfonamides at high closes i 30 mg/kg twice daily) 

can profoundly alter thyroid physiology* causing decreased 
iodinization of colloid and decreased concentrations of 

thyroxin and thyronine (Hall, 1993]. Decreases are clini¬ 
cally relevant b> 3 weeks of therapy and will return to 

normal within 3 weeks after therapy is discontinued. Aplas¬ 
tic anemia and thrombocytopenia have been reported after 

therapy with sulfonamides* although their cause is not 
clear. Impaired folic acid synthesis has been reported as a 
cause, but direct hone marrow suppression should also be 
considered. Sulfonamides, and sulfadiazine in particular, 
appear to be safe al doses higher llian those used therapeuti¬ 
cally. For example, dogs show no advene effects (other 
than antithyroid effect* to discussed above) when treated. 

with sulfadiazine at 300 mg/kg a day for 20 days. Cats 
appear to be more sensitive to the effects of trimethoprim/ 
sulfonamide combinations. Doses of 300 mg/kg per day 
for 10 to 30 days orally in cats resulted in lethargy, an¬ 
orexia, anemia, leukopenia and increased blood urea nitro¬ 
gen* Mammalian cells can use dietary folic acid, and sup¬ 
plementation might he considered for patient* that develop 
anemia (Spoo and Riviere* 1995a) Before the advent of 
triple and potentiated sulfonamide preparations, cry stal I urn 
was a common side effect* with subsequent renal damage. 
At high doses of any sulfonamide product* it is recom¬ 
mended that the hydration status of the animal be ensured 
Id be normal. 



Because of ihe advent ol resistance* the use of sulfon¬ 
amides is limited to uncomplicated infections of most body 

systems. The concentration in urine supports the use of 
potentiated sulfonamide* for urinary tract infections. In 
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mcihoprim/sulfonamide combinations are indicated for 
treatment of infections caused by surecpitfele bacteria in 

difhcult to penetrate tissues such as the pros Lite and CNS 
fSpno and Riviere, 1995a). These drugs are among the 
drugs of choice for treating AY* a trim and Actinomyces, 

TETRACYCLINES AND CHLORAMPHENICOL 

because their mechanisms of action and spectra of activity 
arc similar, tetracyclines and chloramphenicol are discussed 
together (see Fig, 9-4). Both drugs have been widely used 
in the past, hut I her development of resistance and human 
toxicity tii chloramphenicol have severely curtailed their 

use* 

Mechanism of Action 

Both tetracyclines and chloramphenicol hind bacterial ribo¬ 
somes and, impair protein synthesis (see Fig 9-5>. As a 
result, both are baclerioxlalk 1 m action and should not be 

used for the I tntnu noconi prom ised patient, whether the 

condition is disease or drug induced fi.e., glucocorticoids or 
anticaTKer drugs). The tetracycIincs bind to 30S ribosomal 
suhuniK Because tRNA binding is prevented, amino acids 
cannot be added to the peptide chain and protein synthesis 
is impaired, < hloramphenieol binds to the 5OS subunit 
of bacterial ribosomes and also impairs protein synthesis* 
Although host ribosomes do not bind as effectively av do 
bacterial ribosomes to each drug, some host ribosomal 
activity will be impaired. 

Spectrum of Activity 

Tin tetracyclines and chloramphenicol are considered 
broad spectrum (sec Table 9“2b being effective against 
gram positive, gram-negative, and anaerobic organisms, E 
aeruginout is generally not included. The spectrum of 
action also includes thfamydin. Mycopitismu. FickettsUh 
and H nwt fra none Hti organisms. \s general rule, tetracy¬ 
cline- are considered more effective than chloramphenicol 
for foe hitler organisms, but ehloramphemcol tend- to be 
more clinically effective for other organisms. 

Resistance 

Most resistance id tetracyclines results from transport of 
the drug imi of ihe microbial cell. Resistance to chloram¬ 
phenicol is caused by ikitruction (acetylation) of the drug 
by microbial enzymes. 

Pharmacokinetics 

The oral absorption of tetracyclines is variable, with chlor- 
tetracycline being the least bkiavailable, u\ytetracycline 
more so. and doxy eye line, the most lipid soluble of the 
tetracyclines, being ITKF3 (unavailable* Absorption is de¬ 
creased in the presence of divalent and trivalent cations 


such sb those present in milk products or antacids* Tetracv 
dines, particularly doxycydine, are widely distrihuted to 
most body tissues. Doxy eye I me is able to penetrate cell 
membranes and thus accent intracellular organ is ms. Doxy- 

cyclinc iv 99% protei-i bound which prolongs its erimina¬ 
tion half-life. Tetracyclines, with tltc exception of lipophilic 

tetracyclines such as minocycline and doxy eye line, do nol 

penetrate the CSF. The latter drugs are thus preferred 
because of better tissue pe uetrabi lity for treatment of in Fee 
tions caused by susceptible bacteria in "difficult to pene 
irate** tissues. Minocycline is characterized, by a larger 
volume of distribution in people than a doxycycline. sug¬ 
gesting better lissue penetrahility. Tetracyclines are incor¬ 
porated into forming bone and foe enamel and dentine 

of attempted teeth and cause bone discoloration of teeth 
upon eruption. 

With the exception of doxycydine and minocycline, the 
tetracyclines ore eliminated by both renal (approximately 
60%) and biliary (44)% j excretion Presumably, mimicy- 
dine is eliminated essentially in the bile, whereas the route 
ot elimination of doxycydine is less obvious In humani, 
it is eliminated by renal (41%) and biliary 159%) 

mechanisms* In dogs, bile may be the predominant route 
Tetracyclines undergo enterohepaiic circulation* Toxic con¬ 
centrations may accumulate in patients with renal disease. 
Differences that justify use of minocycline instead of doxy- 

cydine are difficult to axcertai n. Adverse reactions to :nino- 
c y.. line may, however, be more likely 

( hlorampltenicoj iv very well absorbed after oral admitt- 
istratiom. The liquid form iv kw well absorbed. The pal nu¬ 
tate form should not be used fdi cats because ot variability 
in oral absorption* The succinate form is well absorbed 
after IM administration. It is hydrolyzed in plasma to iLs 
free base, t hlorampfacnknl is one of the more lipid soluble 
of the clinically used drugs and achieves high concentra¬ 
tions in most body lissues, including the CSF. It is. how¬ 
ever, unlikely to achieve bactericidal concern rat ions in 
most tissues, including the CNS. Most of tltc drug is 
eliminated by hepatic metabolism. Glucuranidaiion is a 
major route of elimination of cbJoramphcmeoL Cab elimi¬ 
nate chloramphenicol more slowly due to deficiencies in 

both phase i and phase 11 metabolism Greater ermcenira- 
lions may occur in cal urine than in dog urine as a result 

(Spoo and Riviere, 1995b I* Pediatric patients also may not 
eliminate chloramphenicol as efficiently as young adult 

dogs. 

Both chloramphenicol and the tetracyclines are available 
as IV, parenteral, and ocular preparations.. 




Tetracyclines cause several adverse effects in small ani¬ 
mals. Toxicity may he worsened in patients with rectal 
disease due to decreased elimination. Gastrointestinal upset 
follows direct im la lion of the gastruintesunal mucosa after 
oral administration. Rarely, hcpaloto*icily may occur. 
Rapid IV administration may result in collapse, Although 
the mechanism is not certain* calcium binding may be 
important, intravenous administration of tetracycline has 
caused anaphylactic shock in dog*. Hypersensitivity has 
also been reported in a dog after IM administration of 


m 
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tetracycline. Minocycline may be m<>re likely to cause 
allergic drug reactions, lesions eltaraelerized by ery thema 
of the skin ami mucous membranes occurred in dogs after 
administration of most doses of minocycline. Anemia may 
also occur 110 mjpi'kg IV). Brown discoloration of teeth 
may occur due to chelation of tetracyclines in calcium 
deposits of dentin and. to a lesser degree, enamel. The 
drug must be administered during tooth development (i.e,, 
prenatal 1 y or within I month alter birth). Other side effects 
caused by tetracyclines include drug fever (in eatsf an 
antianabolic effect, and a Panconi-like syndrome in the 
kidneys (Spoo and Riviere, 1995b). 

A major toxic concern with chloramphenicol for humans 
is (hat both reversible dosc-dc pendent and irreversible 
dose -independent (rare) boiK 1 marrow depression may oc¬ 
cur. Rone marrow depression can also occur in animals. 
Duse-dependent bone marrow depression may occur due 

to suppression of bone marrow precursor cells after mate- 

c bond rial damage. Irreversible bone marrow suppression 
may reflect reduction of the NO group to a toxic metabo¬ 
lite that causes stem cell damage. Although cats appear 
more sensitive ten chloramphenicol-induced toxicity than 
dogs, toxicosis appears rapidly reversible once the drug is 
discontinued. Toxicity occurs in cats after 7 days of therapy 
at 5(1 mg/kg 1M. The drug can. however, be used for 7 to 
10 days safely in cats utter oral administration of the 
crystalline form (capsules) at the rate of 50 mg/cul (Spoo 
and Riviere. 1995b), I “he antianabolic effects of chloram¬ 
phenicol may result in impaired pmtem synthesis m the 

patient; however, despite earlier concerns, impaired im¬ 
mune response lo vaccines does not appear to occur, Chlor¬ 
amphenicol is a potent inhibitor of drug metabolizing en¬ 
zymes and inhibits the hepatic metabolism of other drugs, 
potentially causing toxicity should drug concentrations in 

crease. Phenobarbita! toxicity has occurred in as few as 3 
days of chloramphenicol therapy. Prolonged sleeping times 
have been documented after administration of pentobarbital 
to animals also receiving phcnobarhital (Spoo and Rivi¬ 
ere, 1995b). 


of similar mechanisms of action, this drug should not be 

combined with chloramphenicol or erythromycin. It has 
been combined with aminoglycoside treatment of polymi¬ 
crobial infections involving gram-negative and anaerobic 
organisms. Clindamycin has been cited for its efficacy in 
the treat me nt of chronic gingivitis or peridontal disease 
Unlike many other drugs with a favorable spectrum, it is 
able in penetrate the biofilm thal protects the causative 

organisms. Because of its anaerobic and gram-positive 
spectrum, clindamycin often is chosen as one component 
of combination antimicrobial therapy. 


MACR0U0ES 


Erythromycin (see Fig, 9-4) and azithromycin are rnucru- 
lide antibiotics used in veterinary medicine. Macfolides are 
inhibitors of ribosomes; they bind to the 50S subunit (see 

Fig. 9 5). causing bacteriostatic effects The drugs are very 
lipid soluble and are accumulated in white blood cells, 
prolonging efficacy. Both are available as oral preparations. 

The spectrum of activity of erythromycin includes gram¬ 
pus hive organisms and anaerobes (hence it is often used as 
a “penicillin substitute" by people allergic to penicillin); 
that of azithromycin includes Coryntbacterium and PuUt 

uretiu species. 

Erythromycin has been used effectively for the treat mem 
of dermatitis caused by Staphylococcus imrmttdnis in di>gs 

and other selected gram-positive infections Side effects of 

erythromycin are primarily ga»troimcsiirud; up to 50% of 

patient', may show signs of gastrointestinal upset. This may 

be related, in part, tu the prokmctic effects of erythromycin 

on the gastrointestinal tract. Azithromycin is a macrulidc 
recently approved for use in humans Compared to erythro¬ 
mycin. it is effective against more gram-negative organisms 
and is accumulated 200-fold (compared with plasma) in 
several iissues, including the respiratory tract. Accumula¬ 
tion in tissues in cuts has led to its use at 5 mg/kg once a 
week for prevention of Vf\copU/\mti infection in caitcries. 


UNCOSAMIDES: LINCDMYCIN AND VANCOMYCIN 

CLINDAMYCIN 

Vancomycin has had an important role in the treatment of 
The lincosamides include Imcomycm and clindamycin (see human patients infected with penicillin-resistant staphyio- 


Fig. 9-44 Like chloramphenicol, elin-damycin is an inhibi 


cocci, bill Ihe advent of periicilIinase-reMstanl (3-lactams 


lor of the 50S subunit of (he bacterial ribosome^ (see Fig. ami die incidence of adverse reactions have curtailed its 


9-51. It is effective against aerobic gram-positive cocci and 


use. Vancomycin is a large glyeopeptide with three eompu- 


anacrobic organisms (Braden et id., 1988). Clindamycin is items each of which may he responsible for its antimicro- 


generally bacteriostatic but can be bactericidal at concentru 


bial action on bacterial cell walls (Ingerman and Santoro. 


lions that can be achieved in some tissues. Clindamycin is 1989). Vancomycin binds to the free end of the pentapep- 

tidc, Mentally i rtleric ring with Us elongation, Resistance 


only available in oral preparations m veterinary medicine, 
although an injectable product is available in human medi¬ 
cine. Distribution tu most body tissues, including skin 

and hones, is excel lent i Weber et al,, 19801. Clindamycin zymes currently targeted by vancomycin. Resistance that 

actively accumulates in while blood cells arid may achieve has developed by £ taecalis resulted from synthesis of a 


has been impeded by the high specificity of the drag; 

multiple mutations would be required to change the en- 


buctcriciihil concentrations at some sites. It is eliminated 
us either the parent drug or its metabolites in the bile. 


new protein that interferes with vancomycin. Its spectrum 
of activity is limited to StuphyJtHroccm and Strrptocoecus 


Resistance by Staphylococcus species and Baarmidcs spe- species. Selected Entenn'occus, ( 'lostndiurn, and Coryne- 


eies appears to be limiting the efficacy of clindamycin. 
Pseudomembranous colitis is a reported side effect in hu- 


hacterium species are also generally susceptible. 

With the exception of enteroc occiil organisms, the ef- 

mans due to overgrowth of Clostridium ilifficttc. Because feels of vancomycin are generally bactericidal. Adminisira- 
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non is limited to the IV route except for treatment of 
pseudomembranous colitis caused by C. difficile. Vancomy¬ 
cin is distributed to most body tissues except the CNS It 

is renails eliminated; drug concentrations may become 

toxic if doses arc ntrt modi tied for the patient with renal 

disease. Hypersensitivity in human patients warrants stow 

(60-minute| |V infusion of drug diluted ift fluid. Its Use 

for veterinary patients should be limited to treatment of 
organisms resistant to other drugs as based on culture and 

susceptibility data. 


Tltc ding is generally well tolerated, although hcpaiopathy 

(manifested as jaundice i has been reported in human pa 

lients with liver disease who receive rifampin. The drug 

causes an orange-red discoloration of urine that can stain 
hair and fabrics, 

MISCELLANEOUS ANTIBIOTICS 

Bacitracin 


RIFAMPIN 

Rifampin is a large complex antimicrobial derived from 
nfumyein B produced by .W unlia mediterriu (Spoo and 
Riviere. 1995a). It is an inhibitor of the B subunit of DNA- 

de pendent RNA polymerase and thus suppresses RNA syn¬ 
thesis. Mammalian RNA polymerase requires much higher 

concentrations than microbial before it is inhibited. Rilam* 

pm can achieve bactericidal concentrations in some tissues, 
but very rapid development of resistance severely curtails 
its use Its spectrum of activity includes gram- positive 
(especially Slaphyloi'oi'nts species) organisms. It is also 
effective against Afy cobat lerium, tMetsscnu, add CkUunyditt 

species and has been used to treat Clostridium and Bacte- 

mitk* species Rifampin has limited activity against gram¬ 
negative organisms {including Brucella) Resistant gram 
negative organisms include E. colt, fcnirnthat ter species, 
A. pneumoniae. Proteus species. Salmon cl la species, and 

P. aeruginosa. 

Differences in the MICs between gram-positive (gener¬ 
ally tU lig/mLj versus gram-negative (generally H to 52 
pg/mL) organisms reflect differences in ability to penetrate 
gram-iterative organisms. Highly susceptible gram-positive 
organisms are considered to have an MIC of 0.25 pg^mL 
or less. The MICs of gram-negative organisms range from 
less than 0,008 to more lhart 16 pg/mL; resistant grum- 
negalive organisms are considered to have an MIC greater 
than 4 pg/mL Resistance to rifampin develops quickly 
when used as the Mile antibiotic, A single imitation changes 
the affinity of the target cn/yme for the drug Resistance 
can be decreased with combination therapy with erythro¬ 
mycin. most (3-lucinm antibiotics, and selected aminoglyco¬ 
sides. Rifampin has shown some efficacy against fungal 
microorganisms (Histopfasma capsulation. Aspergillus spe¬ 
cies, and Blasltunyces demuttitklis I when combined with 
amphotericin B Amphotericin B apparently facilitates 
movement of rifampin through the fungal cell wall into the 
organism where RNA polymerase then can be accessed, 
Rifampin is very lipid soluble, distributing well to most 

body tissues, It concentrates in white blood cells (Spoo 
and Riviere. 1995a). Rifampin is rapidly eliminated alter 
acetylation to an active metabolite in the bile and undergoes 
eniercihepatie circulation. ]t is a poteni inducer of micro¬ 
somal enzymes and as such will shorten the elimination 
half-life of a number of drugs. Plasma drag concentrations 
of rifampin decrease after multiple dosing because of in¬ 
duction. The major therapeutic indication for rifampin is in 
combination with erythromycin for the treatment of foal 
pneumonia caused by Rhadacacnix cqio In humans, how¬ 
ever, the drug is effective against Mycobacterium species. 


Bacitracin is a complex polypeptide isolated from Bacillus 
subuhs. It inhibits peptidogh can synthesis in bacteria by 
interfering with the enzyme responsible for movement of 
cell components through the membrane Its spectrum of 

activity includes gram-positive and very few gram-negative 
organisms Systemic use causes nephrotoxicity, and use is 
limited to topical administration. The drug in not absorbed 
alter oral administration and con be u^ed to treat gastroin¬ 
testinal Infections caused by susceptible organisms (Spoo 
and Riviere* 1995a; Neu. 1994). 


Novobiocin 

Novobiocin is derived from coumarin and is effective 
against bolh gram-positive and gram-negative organisms 
The drug is particularly eflicarious against Staphylococcus 

species Jts mechanism of action is not certain but involves 
both cell membrane and cell wall synthesis. Novobiocin 
causes a number of toxic effects when used systemic ally* 
including bone marrow suppression, nausea, vomiting, and 
diarrhea. Its use h limited to topical application (Spoo and 

Riviere. 1995a: Neu* 1994), 

Polymyxins 

Poly myxins are a group of large acetylated decapepddes 
produced by a Boat I us species At least six compounds 
have been identified, of which only two, polymyxin and 
colisun, are used clinically Polymyxins are cationic deter¬ 
gents that interact and interfere w r ith the phospholipid of 
the bacterial cell membrane, resulting in increased perme¬ 
ability. The polymy xins ore thus bactericidal. However* a 

number of compounds can interfere with their activity* 
including divalent cations, purulent exudate* fatty acids* 
and quaternary ammonium compounds. The spectrum of 
activity of the polymyxins includes most grant-negative 
organisms, including P. aeruginosa. Two exceptions in¬ 
clude Pmteus species mid most Sernttia species. The drugs 
are weak bases fpK* 8 to 9) and are mu orally biuav at table. 
As such, they have been used to ‘Sterilize” the gastrointes¬ 
tinal tract. 

HU mi nation is principally via the kidneys* which is 
also the primary site of toxicity. Glomerular and tubular 
epithelial damage have limited their usefulness Other side 
effects include respiratory paralysis (after rapid IV ad min- 
isiralionl, CNS dysfunction* fever, and anorexia. Use of the 
polymyxins is primarily limited to topical administration. 

Eventually, polymyxin (or a related compound) may prove 
therapeutically useful for treatment of endotoxic shock 
primarily because of its effects on endotoxin. Polymyxin 
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pittieeis against gram-negative vmj^toxeiTiia by binding to 
the anionic lipid component of the lipopoly saccharide at 
umcentraHon* much lower than those associated with tox¬ 
icity. 



The mirofunms are synthetic compounds whose amimienv- 

bul activity occurs thnsygh the 5 mtmfuran group (Spoo 
and Riviere. 1995a; Ncu, 1994} Nitrofurantoin and furazol¬ 
idone are examples fhese drugs block oxidative reactions 
necessary for formation of acetyl coenzyme A. The drugs 
are bacteriostatic. Their spectrum of activity is principally 
against gram-negative organisms hut also includes some 

gram-ppsitise organisms and some protozoa, NitroCurans 

arc orally bioavailable but require itrt acidic environment 
to cross cell membranes. Fifty percent of nitrofurantoin is 
eliminated in urine in an active form,, thus making the dreg 
amenable for treatment of urinary tract infections. Its use 
is, however limited by gastroiniestinal and systemic toxic¬ 
ity* In addition, the drug is very expensive. Its use is limited 
to infections of the urinary tract that are not susceptible tn 
other drags, 


Methenamine 


Me then amine is a chemical that releases formaldehyde and 
ammonia upon hydrolysis. The degree of hydrolysis, and 
thus antibacterial efficacy, is pH dependent. Fhe drug is 
bactericidal in an acid environment and bacteriostatic in a 

more alkaline environment. As such, it is 1 cm effective in 
ihe presence of urease- producing bacteria that alkaltnize 
the urine. Its spectrum of activity includes both guru 
positive and grant-negative organisms Methenaminc is 
orally broava liable and reaches high concentrations in urine 
(Spoo and Riviere, 1995a). The chemical is used primarily 

to treat urinary tract infections in dogs. Generally it is 
used in combination with urinary acidiIters to enhance 
antibacterial actions. 


Metronidazole 

Metronidazole impairs microbial SNA and DPs A synthesis, 
hut only after it has undergone I nitrous} reduction in the 
organism. Thus, its efficacy depends on m low redox poten¬ 
tial such as can be achieved only in an anaerobic environ¬ 
ment (Muller, 1983V ti is rapidly bactericidal against all 
gram-negat i ve l eg., &. is) and most gram- pcs Stive 

(e.g . Cfottadiurn species} anaerobic bacilli. Metronidazole 
m well distributed to all body tissues and can penetrate the 
blood-brain barrier. Elimination occurs primarily by hepatic 

metabolism. Adverse effects include seizures 1 Fitch et aL 
1991; Neff-Davis et ul,, 19811 and gastrointestinal upset. 
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INTRODUCTION 


This chapter focuses on the treatment of bacterial in feci ions 

on ;-i systems, basis. In addition, selected organisms .ire 
discussed because of the is unique nature and the di faculties 
encountered when treating infection. Becau.se of limited 
irtformauun in veterinary- medicine, information is large I) 
drawn from human medicine. 


INFECTIOUS OF THE CENTRAL 
SYSTEM 




Meningitis serve* here as the prototypic infection of the 
central nervous gy stem (CNS), 
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Physiology and PathophysiologY 

Most infections reach the CNS via a hematogenous route. 
Infections of the CNS are problematic for three reasons 
unique u> the CNS: Its cellular component reflects func¬ 
tional specialization, it is sequestered from the rest of the 
body by physiologic barriers, and it is closely confined 
within rigid skeletal structures (Greenlee. 1995). The cellu¬ 
lar specialization is of diagnostic benefit in the identifica¬ 
tion and localization of infections of the CNS because 
clinical signs are often referred to a specific region of the 
brain. The course of CNS infection is impacted by the 
relationship of the brain and spinal cord to the vasculature, 
meninges, and skeletal structure. The brain is suspended in 
cerebrospinal fluid fCSF) and is surrounded by the menin¬ 
ges < pin mater and arachnoid [the leptomeningesj, and the 
dura mater}, Infections of the luptomeningea lend to in¬ 
volve their enure surface surrounding the brain and spinal 
cord. In contrast, infections of the dura mater tend to be 
limited and sharply circuit)scribed. With persistent infection 
of the meninges, increased intracranial pressure results 
from extensive cerebral edema and hydrocephalus. Infec¬ 
tions of the meninges of the spinal cord are less limited 
and often extend longitudinally the length of the cord 
(Greenlee. 1995), 

About 85% of CSF ls produced by the choroid plexus 
of the lateral, third, and fourth ventricles. The CSF flows 
into the subarachnoid space, circulates around the brain 
and spinal cord by bulk How, and is reabsorbed through 
die arachnoid. The CSF is totally recirculated in 3 to 4 
hours. The choroid plexus is physiologically similar to 
renal tubules, even containing similar secretory mccha- 

Eb bb5 in hi fi hi 

fiisms. Indeed, specialized transport systems allow the 
movement of organic acids (including many p-lactams) 
against a concentration gradient out of the CSF. In cases 
of infections involving the ventricles, because of the flow 

pattern of CSF, intrathecal administration of drugs does not 
result in predictable drug concentrations in the ventricles. 
Rather, drug must be directly instilled into the ventricles. 

Infections of the CNS can impair CSF reabsorption across 
the arachnoid villi, resulting in hydrocephalus 1 Greenlee, 
1995). 

Capillaries of the brain and cord (with the exception of 
the choroid plexus} differ from other capillaries, First, the 
vascular endothelium is characterized by tight junctions 
rather than intracellular clefts. Second, they are surrounded 
by the foot processes of astrocytes. Both form a hairier 
to passive diffusion of drugs and their compounds- Only 
compounds that are actively transported or are of sufficient 
lipid solubility can pass out of the capillaries into the 
brain, lire barrier impacts the movement of antibiotics. In 
addition, impaired movement of immunoglobulins, comple¬ 
ment, and other mediators of the immune response impacts 
antimicrobial sc lection in that bacteriostatic drugs are much 
less desirable (Greenlee, 1995; Tunkel and. Schcld, 1995). 

Vascular damage during the course of infection can 
Impact the course of infection. Hypertrophy of the endothe¬ 
lium fas might occur with persistent bacterial infection) or 
infection of tlae endothelial cells {m occurs with Rocky 
Mountain spotted fever or others} can cause thrombosis or 
embolizationi to arteries or veins. Loss of capillary integrity 

contributes to cerebral edema and movement of microor¬ 


ganisms into the brain. At the same time, capillary perme- 
ability facilitates movement of antibiotics that normally 
cannot cross the cerebral or meningeal capillaries into the 
site of infection (Greenlee, 1995; Tunkel and Sc he Id, 
1995). 

The inflammatory response of the CNS also differs from 
that b tuber body tissues. The response tends to be less 
intense and is characterized by infiltration by microglial 
cells and proliferation of astrocytes. Abscessatlon is slower 
and, rather than fibrosis, involves gliosis. Host response 
to infection in the CNS involves antibody, cell-mediated 
immunity, and complement. Normally excluded from the 
CNS, the presence of antibody indicates damage to the 
blood-brain barrier or synthesis of immunoglobulin from 
cells that have been able to penetrate the brain parenchyma. 

Antibody protection is important to bacterial meningeal 

infections and may determine the outcome. Cell-mediated 

immunity, on the other hand, is the predominant host re¬ 
sponse to fungal or intracellular parasites. Infections by 
selected organisms, such as Mycoplasma* may lead to a 
host response to both the infecting organism and host 
proteins fe.g., myelin). Despite die role of the immune 
system in bacterial infections of the CNS, host defenses 
remain inadequate for control of the infection- Indeed, the 
relative lack of opsonization, complement, and immuno¬ 
globulins nmy allow bacterial surv ival in the subarachnoid 
space (Greenlee, 1995: Tunkel and Sehelci 1995), 

Bacterial products can contribute to the development of 
cerebral edema. Release of cytokines and tumor necrosis 
factor is mediated by materials such as endotoxin of gram- 
negative organisms and teichoic acid produced by Staphy¬ 
lococcus annus. Whereas changes in capillary permeability 
may increase antibiotic movement across the blood-brain 
barrier, antibiotic therapy may actually initially worsen 
cerebral edema, as bacterial death causes release of more 
mediators of inflammation. Inflammation, hemorrhage., hy¬ 
drocephalus* and edema may cause displacement of the 
brain or spinal cord. Herniation may be a life-threatening 
sequelae (Greenlee, 1995), The potential release of endo¬ 
toxin may be an important consideration in the initial 
selection of an, antimicrobial; drags that minimize endo¬ 
toxin release yet Mill penetrate the blood-brain barrier in¬ 
clude i mi pen cm and the Humiliated quinolones. 

Antimicrobial therapy is likely to be impacted by the 
presence of purulent material. As in all body systems, 
the microenvironment can negatively impact antibacterial 
therapy, In the presence of meningitis, lactate accumulates 
in the CSF, causing the pH to decrease. Antibacterial activ¬ 
ity of weakly basic antibiotics may decrease, particularly 
for the aminoglycosides and potentially for the fluo ciliated 
quinolones (Tunkel and Scheld, 1995), 

Antimicrobial Selection 

Successful antimicrobial therapy of CNS infections is facil¬ 
itated by use of a bactericidal drug and maximization of 
plasma drug concentrations such that bactericidal concern- 
[rations are achieved in the CNS. The CNS is relatively 
immunomcompetent* thus increasing the concentration of 
drug necessary for effective therapy. Studies in animal 

models have shown that the rapid bactericidal killing in the 
CSF requires drag concentrations that exceed the minimum 
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bactericidal coiKcniration (nut minimum inhibitory concern* 

(ration [MIC]) by 10- lo 20-fold (Tunkel and Schdd* 1995), 
Drugs that can be given intravenously are preferred to 
oral preparations; intramuscularly and subcutaneously are 
second choice preferences to oral administration. Doses 
should be maximized because of poor penetrability of the 

W (xwl-hnii n harrier. 

Antibiotics to treat the (Ns are often selected empiri¬ 
cally because of difficulties encountered when collecting 
culture and susceptibility data. Organisms mosl likely in¬ 
fecting the CNS are delineated in Table -8-3. After identi¬ 
fying the most like I v infecting organism and drugs effective 
against the organism (Chapters 8 and 9), antibiotics should 
be selected next based on movement into the CNS. Drug 

penetration of the blood brain barrier is particularly chal¬ 
lenging because the barrier not only prevents movement of 

antimicrobials into the CNS but also actively transports out 
«t destroys some iniimicrohisis tie., selected ). 

Drugs that are more likely to penetrate the harrier .ire 
chsir.it leri/ed hy high lipid solubility, small molecular 

weight, and low protein binding (Tunkel and Schdd, 1995k 
Drug movement into the CMS is summarized in Table 8-8. 
In general, i mi pc nett y rrimelhoprirr/sulfonatnide. fluori 
tutted Quinolonefi. rifampin, and metronidazole can achieve 
bactericidal concentratitins for some infections in the (’NS; 
chloramphenicol and doxycycline or minocycline achieve 
bacieriosiatic concentrations tl cFrnck et aL, 1984). Drugs 
that should be avoided or whose doses should be further 

increased (Table 10-h ftw treatment of CNS infections 
because of poor penetration include the aminoglycosides. 

many (3-lacLaiiis, including varbenicillin, cephaknhin, cefti' 
znlin* cefalcian; and clindamycin, erythromycin, and tetra- 


« m 

cycJine. Drugs recommended for treatment of meningitis 
in humans are listed in Table 10-1 Inflammation will 

increase movement of several antibiotics, including many 

P-lactams and vancomycin. It is important to remember, 
however, that transport mechanisms exist to move many 

drugs (particularly 0-lactams f out of the CN8 In addition, 

as inflammation resolves, permeabilily of (he harrier may 

also rewive, thus once again precluding antibiotic dmrihu- 
Ihtti to the site of infection. Maximal doses of antibiotics 

I increasing by 5f>% to 100*&- when safety is not an issue: 

see Table 10-1) should be used throughout the course of 

therapy to ensure adequate concentrations reach the CNS, 
Duration of therapy for patients with infections of the CNS 

should be at least 10 to 14 dajrs (Tunkel and Sc held. 
1995), Four to 6 weeks of therapy is recommended in dogs 
(LaCoUtor and Child, 19951. 

Adjuvant Therapy 

Because of the harm associated with inflammation in a 
closed system, anti-inflammatories should he considered 
when treating CNS infections (c.g.. meningitisj. Corticosie 
rojJ therapy may be indicated during initial stages o! treat¬ 
ment of meningitis to minimize the effects of inflammation 
and loss of capillary integrity (Tunkel and Scheld, 1995; 

[jvCmter and Child. 1995). Experimentally, mcltiyIptcdrn*- 

olone decreases leukocyte accumulation, CSF outflow it- 
distance and brain water content in animals with bacterial 
meningitis (Tunkel and Scheld, 1995). Dcxamethasone also 
reverses the development of brain edema and* tt>mpared 

with methyl prednisolone, has the added advantage of de 
creasing CSF pressure and Delate Note that these studies 
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did fH.ni include comparisons with arttimierobia! therapy 
Nonetheless. glucocorticoid therapy may be beneficial early 

during the* course of ilurapy: indeed, treatment before 

antibacterial therapy may minimize the effect of mediators 
of inflammation released by dying bacteria (Turkel and 
Scheldt 1995). Dexamethasone can hr used (0.1 id 0 15 
mg/kg every ft hours up to 4 days), particularly in the 
presence of cerebral edema iTunkel and Scheld, 1995). 
Treatment of cerebral edema should also include mannitol. 
For patients for whom monitoring is available, high-dove 
barbiturate therapy might be useful. Barbiturates decrease 

cerebral metabolic demands and cerebral blood flow and 
provide protection against oxygen radicals 

Adverse Resdbns 

Because of altered permeability <>l the blood-brain barrier, 
the infected ( NS is mure hkely than the normal CNS to 
respond adversely to antimicrobials. Seizures are the most 
likely manifestali(nt Antibiotics most likely to cause sei¬ 
zures include selected fTlactams, most notably imipenem. 

metronidazoic, and fl marinated quinoloncs. particularly in 

patterns also receiving nonsteroidal antbinflammaiories In 
general, scinines Hi ll develop as a result: of drug therapy 
should be treated as with any acute seizural manifestation* 
with diazepam the preferred anticonvulsant of choice. Rec- 
otmnendiiiiuns regarding ikying interval must bn .adhered 

to fj I ac'am antibiotics should be administered at both an 

increased dose and at frequent intervals and* ideally, via 

constant i nl ro venou s (IV j infu si on. 

Otitis Media 

OdUs media associated with infection of the middle ear 
generally results from extension of otitis exleraa through a 
perforated eardrum (see later discussion of otitis externa) 
(RnyM.huk and Lutigcn. 1W5) A perforated eardrum may 

be hard to detect tun1 must be distinguished from a “false" 

eardrum Indications that infection of the external eat has 
extended into the middle car include persistence of otitis 
externa, pain,, swelling or narrowing of tile ear canal, and 

evidence of neurologic involvement such as facial palsy 

(ptosis oi paralysis of the lip or ear) or vestibular abnormal¬ 
ities. Less commonly, infect ion may follow extension from 
the pharynx via the custathian tube or hematogenous 

spread. Radiographs and surgical exploration may be nec- 

cssoiy for both diagnosis and treatment. Debris should 
be c\ to logically examined for evidence of predisposing 
conditions. Fungal infections (c g., aspergillosis. infection 
caused by Malts •'wziah foreign tnidics such as grass awns, 
neoplasm, inflammatory polyps, and tumors, including 

cholesteatoma, are among the more common causes of 
otitis externa. Calcification of auricular cartilage irt.iv also 
predispose the development of infection. Breeds apparently 

predisposed to otilis media include cocker spaniels and 
German shepherds 

Medical management of otitis media is often unsuccess¬ 
ful unless accompanied b\ surgical management, partku* 

larly if inflammation is severe and chronic or it the ear 

canal tx stenotic Surgical intervention may be the mo&.t 
cost-effective means of management and should provide 


the rmwl accurate diagnosis Treatment includes removal 
of debris and topical application of an antibiotic with of 

without a fungal preparation until the infection appears 

resolved. After debris is cleaned from the external canal, 
myringotomy- (under general anesthesia) may be necessary 

to clean debris, collect a sample for culture and cytologic 
examination* and relieve pain associated with die infection, 

Systemic anti bacterial therapy should begin in conjunction 
with topical therapy and continue for at least 4 to 6 weeks. 
For fungal infections (e,g„ that caused by Matassezia), otal 
therapy with an imidazole antifungal (e.g., thiabendazole, 
ketoconazok. ot itraconazole I should be implemented. For 
severe inflammation, glucocorticoids may be given topi¬ 
cally nr, if indicated, system really for the first 1 to 3 
weeks of treatment. Topical glucocoriicoid therapy can 

be continued if inflammation persists after resolution ol 
infection. Daily flushes of acetic acid in water 1L: I to 
I A) may further control Therapy must be continued until 
the ty mpanic membrane is repaired (generally 21 to 35 
Jays). Control of the inflammatory process may be neces¬ 
sary before tympanic healing is complete. Should the tym¬ 
panum not heal, debris may once again accumulate, and 

the ear roust be flushed again Surgical intervention may 
be necessary. 


Otitis Interna 

Otitis interna or labyrinthitis resulting from infection of the 
inner ear also occurs as a result of extension from otitis 
externa and media (see later discussion ol otitis external, 
movement of organisms through the eustachian tube, or 
hematogenous spread- Foreign bodies, tumors (including 
cholesteatoma I. nr other occlusive or inflammatory objects 
may predispose the development t>l infection (Braund, 

1995). Clinical signs vary with the extent of vestibular 
dysfunction which in turn reflects the extent ot infection 
and accompanying inflammation. Continuation of infection 
mto (he memnges is more likely in cats than in dogs 
Cultures that reflect infecting organisms might he 
obtained b> sampling the middle ear; alternatively, myrin¬ 
gotomy may be necessary. The most likely causative organ- 
itms include Staphytocofcun, Streptococcus, Prottus, Pseu¬ 
domonas , and Enterococcus species and Esc hen(km voii. 

Both topical and systemic antibiotic therapy should be 
implemented. Because yeast is often present, topical ther¬ 
apy should include antifungal drugs fe.g.. nystatin). A 
number of antibiotics can 'be used lor treatment of otitis 
interna- A lipid soluble drug is preferred- Examples include 
the fluorinated quinolone* and chloramphenicol. Many 
drugs are known to be ototoxic when applied directly to 
the middle or internal ear. Among them, the aminoglyco¬ 
sides in particular are recognized for potential ototoxicity. 

Other drags or .agents w ith known ototoxic ity include fluor 

mated quinolones* erythromycin, polymyxin B-, aspirin, and 

GhJorbexidine (PickreJI et aL 1993). The lack of data re¬ 
garding ototoxic potential should not he interpreted 
potential safety, In general, direct application of any antibi¬ 
otic to the external eat in the presence of a perforated 
eardrum should be avoided. 
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INFECTIONS OF THE MUSCULOSKELETAL 
SYSTEM 

Osteomyelitis 

Because bacterial myositis is rare unless u accompanies 
infection of the surrounding soft tissues, this discussion is 
limited to bacterial infections affecting the skeletal struc¬ 
tures. 


Pathoph ysiology 

Similar to models described in humans I Mutter and Cal¬ 
houn, 1995). infections of the bow occur via a hematoge¬ 
nous route or secondary lo a contiguous focus. Secondary 

osteomyelitis is further classified as that v, LiJj or without 
\ ascLilar insufficiency. Both hematogenous and secondary 
osteomyelitis can also be classified as acute or chronic. 
Acute osteomyelitis w a suppurative infection accompanied 
by edema, vascular congestion, and small vessel thrombo¬ 
sis, Vascular supply to the site of infection becomes com 
promised as ihe infection extends into ihe soft tissue. Both 
medullary and periosteal blood supplies can become com¬ 
promised, resulting in necrotic* ischemic, and, ultimately, 
dead bone, forming a sequestra, Bacteria located in this 
tissue become isolated, with acute osteomyelitis pro¬ 
gressing to chronic osteomyelitis. Chronic osteomy elitis is 
characterized by a nidus of infected dead bone or scar 
tissue, an area of ischemic soft tissue, and a refractory 

clinical course. The mk of infection continues even in 

apparently cured osteomyelitis because of this nidus of 
infection. Indeed, the term arrested is often used m lieu of 

the term cured when referring to successful therapy in 

human patients. 

In addition to die classes of osteomyelitis listed earlier, 
a more clinically relevant classification system has been 
developed in humans (Mader and Calhoun, 1995) which 
lakes into account the status of the host, the anatomic 

considerations of the infection, treatment factors, and prog¬ 
nosis Although the intent of this discussion is not to 
encourage a similar classification For animals, ihe charac¬ 
teristics of each stage serve as a means of delineating 

factors that complicate therapy in patients with osteomyeli¬ 
tis, Twelve distinct classes of osteomyelitis can be dc 
scribed hy this classification scheme, Four stages are de¬ 
scribed based on anatomic considerations, with each stage 

characterized by additional complications, 

Stage 1 (medullary) occurs early; the primary site of 

infection is endosteal or may include infected intramedul¬ 
lary pins. Therapy may simply include antibiotics hul may 
also include surgical debridement or removal of tlu: surgi¬ 
cal foreign body. Stage 2 (superficial) osteomyelitis occurs 
as a result of extension of infection from soft tissue. As 

such, a secondary contiguous focus exists; this focus re¬ 
quires surgical debridement in conjunction with antibiotic 

therapy. Stage 3 (localized) osteomyelitis is character!/j©d 
hy full-thickness infection of the cortices with sequestration 
that requires surgical removal. Stage 4 (diffuse! osteomy¬ 
elitis is diffuse and involves the full diameter of Ihe in¬ 
fected bone and may cross a joint. Bone instability occurs 

as a result of either (he infection or surgical treatment. 
Therapy includes debridement, management of dead space. 


and stabilization. Each of these four stages can be further 

categorized based on the status of the host: A (normalh B 
(local or systemic compromise), or C (treatment of the 
infection is more life threatening than the osteomyelitis). 
Local compromise includes chronic lymphedema, venous 

stasis, compromise of major vessels, arteritis, and extensive 

scarring fibrosis, Systemic compromise includes malnutri¬ 


tion, evidence of metabolic disease (e.g,, renal or liver 
disease, diabetes me Hit us >. malignancy, age extremes, or 
immunosuppression. These stages are dynamic, being af¬ 
fected by therapy, progression of disease, and host status. 
The metaphyses of long bones are the most common 

sites of hematogenous infection (Milder and Calhoun, 


1995k Blood flow becomes slow and turbulent in (his 
region, and capillaries lack phagocytic cells. Acme infec¬ 
tion causes local cellulitis resulting in leukocyte accumula¬ 
tion, increased bone pressure, decreased pH, and reduced 

oxygen tension. Hematogenous osteomyelitis is usually 
caused by a single pathogenic organism, with S. aureus 
being a common pathogen. Vertebral osteomyelitis most 
commonly reflects a hematogenous source of infection, 
usually from an artery. Because each artery supplies two 
adjacent vertebrae, the infection usually involve* two verte¬ 
brae, Again, 5. aureus is a common infecting pathogen 
Common sites of infection in humans that lead to vertebral 


osteomyelitis ore the genitourinary met* skin and soft 

tissue, respiratory tract mouth, endocardium, ami IV lines 

(Milder and Calhoun. 1995). 

Contiguous infections generally result from direct inocu¬ 
lation of the bone due to trauma, extension from sur¬ 
rounding soft tissues, or contamination associated with 
surgery. Multiple pathogenic organisms are usually in¬ 
volved, and as in hematogenous infections, S, aureus is 

one of the most common organisms isolated. Gram-nega¬ 
tive and anaerobic organisms are also commonly involved 

(Mailer and Calhoun. 1995). 

Chronic osteomyelitis is generally accompanied by local 
bone loss, persistent drainage, and sinus tracts. Surgical 

removal of the nidus of infection must accompany antibi¬ 
otic therapy. Therapeutic success is less likely in (he pres¬ 
ence of necrotic surrounding soft tissue, bone instability, 
nonunion, or septic joints. 


Therapy 

Drug Movement into Bone 

Determining the extent of drug distribution to site* of 
infection m Hone is not easy. Indeed, studies nughi require 
cumtulation of nutrient artery and the ipsilateral femoral 

vein or. m die very least, detection, of drug in bone. Recov¬ 
ery of drug front bones is, however, very difficult because 

(issue is lost during the cxtniclion procedure, and not alt 

drug is recovered Likewise, clinical trial* that document 

clinical efficacy are handicapped by variation* in duration 
(acute versus chronich the organism* studied, the model of 
osl corny cl it is used, the mode of infection (in nonsponiane- 
ous models), the presence of foreign material, previous 
surgical procedures, and previous anti bio lie therapy. 

As with other sites of infection, drug penetration in 
osteomyelitis is determined hy the molecular weight and 

the lipid solubility of the drug Protein-hound drugs do not 
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distribute to the site of infection The mechanisms of e apil- 
lory transport in <rsteomyeIitic bone lire similar in those in 
mafir.jJ bone, .d though permeability ratios to the: site of the 

drugs differ, A ”blwd 'bone' 1 ' barrier does not appear to 
cm st Volume of distribution studies have shown that gener¬ 
ally concentrations of’ biologically active drug in the inter- 
Mittal fluid space of normal cortical bone are equivalent to 
that in the serum This implies that serutw roomwrag fund 
thus M[( s ) accurately depicts concentration at the primary 
site of drug-orgamsm interaction ti.c , intertoUa) space) in 
the normal hone. This is also irue for water-soluble drugs 
such as penicillins, cefamandule, and gentamicin. Doses of 
any antimicrobial may. however need to be increased to 
Overcome the response of the host to infection such as 
protein, tissue binding, and inactivation by host environ¬ 
ment Drag distribution into inflamed synovium occurs 
mote rapidly and results in higher concentrations titan in 
uninflamed joints. The characteristics of cefazolin result 
in its usv for surgical prophylaxis in patients undergoing 
orthopedic surgical procedures (Cunha ct al. l9S4k Ccfa- 
zolin readily traverses capi I lanes of both normal and osteo¬ 
myelitic bone, and the pathophysiology of osteomyelitis 
enhances penetration, Although the solume of spaces 
(plasma and interstitial) increases in osteomyelitis by 3 Wx 

and 941 < S‘. respectively, the d^y-iburion of cefazolin in- 
treases proportionately. Cefazolin concentrations in hone 
parallel those in plasma, Cefazolin is. not 3 % highly protein 
bound m dogs as in humans vs, M4M which should 
rcsull in higher concentrations ol pharmaculogically active 
drug in the bone tissues of dogs. 

In an attempt u> increase drug concentrations at the site 

of osteomyelitis* methods by which drugs can be directly 

deposited ha ve been devised Ccntarmcin■ 1 mpregn;ited 

aerylu bone cement or acrylic tads have proved effective 

both experimentally and in spontaneous osteomyelitis. 

Other advances included antibiotic-impregnated plaster of 
Paris .ami hydroxyapatite. The clinical efficacy of these 

methods of drug delivery have not, however, been well 

documented in veterinary medicine. The importance of 

surgical debridement dead space management, and. when 

indicated stabilization to treatment of osteomyelitis cannot 

be overemphasized. Culture and susceptibility testing pro¬ 
vide* the tat tais for antimicrobial selection; inappropri¬ 
ate antibiotic therapy map resull in die extension of disease, 
necrosis, and sequestrum formation. 


Attiimitr&bial Stkciim 

Although drug distribution to healthy bone is adequate, 
the detrimental effects of osteomyelitis minimize drug dis¬ 
tribution to die site of infection. In experimental rabbit 

models of osteomyelitis caused by 5. fmtvm drugs charac¬ 
terized by the best Kite to scrum ratio were* in order. 

clindamycin, vancomycin, mo laxaLam I a (^Lactam antibi¬ 
otic i, tobramycin* cefazolin* and cephalothin (Mader and 
Calhoun, 1995, Table 10-2). Fluorinated quinolones were 
not studied,. Parenteral antibiotic therapy should begin with 
drugs targeting the most likely organisms: drug therapy can 
be changed if indicated based on susceptibility data, tie- 

cause bone revascularization take-- 4 to 6 weeks, antibiotic 
therapy should occur for a similar lime to protect the bone 
as ii reva-vcuJarizes, Tile- first 2 weeks of therapy should he 


via parenteral administration (data from the start of therapy 

or after surgical debridement). For acute hematogenous 
osteomyelitis, the causative agent must be properly identi¬ 
fied, Mismanagement with inappropriate antibiotics can 
lead to extension of the infection, necrosis, and die forma¬ 
tion of sequestra. If the patient has Mil responded to spe¬ 
cific antimicrobial therapy ii,e., based on culture) within 48 
hours, surgical intervention is indicated for human patient* 
Bone biopsy specimens are necessary for culture few human 
patients (Mader and Calhoun* 1995) unless the patient 
also has positive blood cultures. For chronic osteomyelitis, 
purenteraJ administration should occur tor the duration of 
therapy; Because of its excellent distribution characteristics, 
oral quinokmc therapy may be an acceptable alternative 
for gram-negative and Staphylococcus infections. Note, 
however, lhat the activity of the fluoridated quinokmes 

against anaerobes and other gram-positive organisms fe.g,* 

Streptococcus, some Corynebacierium) is less predictable. 
In addition* although boric concentrations ol diflaxacin are 

high (see package insert), concentrations do not decline 
over time, suggesting that the drug is bound and thus 

inactive. Studies are needed to document the efficacy of 

this drug for treatment of osteomyelitis Clindamycin or 
amuxicilliriHdaviilanic acid con be used in combiniihon 

with the quinolones to provide gram-positive and anaerobic 
coverage. 

Chronic contiguous osteomyelitis may be particularly 
difficult to resolve. Assessment of vascular integrity by 
cutaneous oxygen tension can lie useful for determining 
the extent of damaged tissue to be removed (Mader and 
Calhoun, 1995). Hyperbaric oxygen therapy may facilitate 
healing in tissues characterized by low oxygen tension 
Dead space can be managed short term with antibiotic- 

impregnated acrylic beads; the beads are generally replaced 
with a cancellous bone graft after 2 to 4 weeks. Hyperbaric 

oxygen i* an important adjunct therapy for human patients 
with osteomyelitis. It serves to restore intramedullary oxy¬ 
gen tension and thus facilitates phagocytic killing. Further¬ 
more, it supports collagen production, angiogenesis, and 
wound healing (Mader and Calhoun* 1995). 

Infections associated with prosthetic devices involving 

cement are particularly problematic to resolve Infections 

generally occur at the bone cement interface. Infectious 

pathogens are numerous and* in humans, often 1 nclude 
microorganisms considered to be contaminants of cultures 

(eg .. corynebacieria. propionibocterii. and Burt Musi Poly- 
methylmethacrylate cement may predispose the site to in¬ 
fection because it eon inhibit phagocytic function. Heal 
induced by the polymerization reaction can damage tissues, 
although this might be minimized by flushing the area with 
sterile normal valine. Host response to the cement may also 
facilitate infection by 5. aureus, and- microorgaidsms can 
secrete materials that protect against host defense mecha¬ 
nisms. Infection can be treated with removal of the pros- 
Ihefte device and 6 weeks of antimicrobial therapy followed 
by reimplantation or surgical removal and debridement 
with immediate reimplantation accompanied by methyl- 

methacrylate cement impregnated with m antibiotic (m 

aminoglycoside). When, the prosthesis cannot be removed. 

life-long antibiotic therapy has been implemented for hu¬ 
man patients, assuming that the microorganism is suflfi- 
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Tabid 10-2. Cones Strattons of Spieled Antibiotics in Bone Expinmentolly Infected with Staphylococcus aunus 
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cicmly susceptible to oral antibiotic therapy and the patient 
can tolerate the therapy. 

Septic Arthritis 

Pathophysiology 

Septic arthritis most commonly reflects hematogenous in- 

oculaiion Patients with osteoarthritis or immune-mediated 
arthnire. trauma, or intra-articular injection are predisposed 
to infections in the in Named joint. Trauma may pnetli sp< **e 
to infection because ofakrss of vascular integrity. Synovial 

tissue is very vascular, and the lack of a basement mem¬ 
brane facilitates bacterial penetration Bacteria cart contrib¬ 
ute to the process of inflammation through production of 
tissue-damaging mediators such as proteases. S. aurtui is 

among the organisms most commonly causing infection in 
human!;, in part because of its ability to hind to bone 
sialopraieire a glycoprotein of joints (Smith and Pierey. 
1995), It is able lo contribute to destruction of cartilage 
because of die production of chondrocyte proteases, litfec 

tion often affects a single joint and usually is limited to the 

joint. Exceptions are made in the presence of predisposing 



arthritis). 

Clinical signs associated with septic arthritis include 
fever. Limned joint motion, and swelling of peripheral joints 
associated with joint tenderness. Synovial fluid analysis 
discriminates between septic and nunscptic causes of arthri¬ 
tis, In general, septic arthritis more conunonly is associated 
with increased polymorphonuclear leukocytes The pres¬ 
ence of i m munomndu |ar j ng drugs le.g., ghicocnmcoidsl 
may hlunt leukocyte mbit rati on. In human paiient* the 
presence of bacteria can be detected in approximately T 3% 
of cases bv cytologic examination of a smear of synovia] 
fluid. Cytologic examination should include Gram stains. 
Synovial fluid should be cultured; for human patients, 
blood culturing also is recommended {Smith and Pkrcy, 
1995). False-negative cultures may not however, rule out 
bacterial arthritis; in human patients with documented in 
faction, synovial fluid cultures were negative l(Fv of the 

time Radiographic examination may help rule in arthritis. 


The most common causes of septic anhrnis reported in 
animals are bacterial in origin The potential for viral 
causes should tint he ignored. In human patients, two 

syndromes of arthritis are described; acute and chronic, 
monarticular The syndromes are caused by different types 
of organism*, with mycobacterial or fungaJ infections of 

the joint largely responsible for the chronic form. 

Therapy 

Antimicrobial Selection and Treatment 

lo human patients, septic arthritis is aggressively treated. 
Empirical therapy is begun after culture collection using 
an intravenously administered drug effective against S 
aurtm Examples include ctfuroxime, cefotaxime, and cef¬ 
triaxone. The use of tluorinated qumolone re questionable 
in the presence of joint damage: the impac-t on heating 
cartilage may be similar to that of cartilage in growing 

animals. Response to antimferiobia] therapy is based, m 
humans, on repetitive analysis of synovial fluid collected 
by jo:ni aspiration Persistence of infusion beyond 7 days 

is interpreted as the need for surgical drainage. 

Use of appropriate antimicrohiak early in the course of 

arthritis will minimize damage to the joint. Weight bearing 
on the infected joint should be minimized, although immo- 
bilizalion is not necessary, Passive motion should be insti¬ 
tuted once pain has subsided, Weight bearing can begin 
when inflammation has resolved. Residual damage may 
occur in up to 3091 of human patient! (Smith and Piency, 
19951. 

Adjumitt Therapy 

Because septic arthritis can be accompanied by the loss 
of collagen and erosion of articular surfaces, therapy with 
disease-modifying agents should strongly he considered, 
injectable products such as polysulfaled glycosaminogly- 
eans (ADEQUANb pentosan poly sulfate, ami hyaluronic 

acid (the latter perhaps in combination with either of the 
former) are more apt: To act more rapidly. Oral disease - 
modifying agents such as cbondroitin sulfates,, keratan sul¬ 
fates, and glucosamines (e.g , Cereequin) also should be 

strongly considered until such time as the joint .v healed. 





\ The rape vtw\ ^pfmurh 




Pathophysiology 


A major baffler to passive drug movement from the blood 
to the site of infection in the respiratory tract is the bron¬ 
chial -al ve-ol m blood barn er ■ Be rgogn e - B e re z i n. 19g$: 
Braga, I9H9I. Whereas drugs of a molecular weight up to 
1000 can move easily through the open junctions of the 
capillaries, drugs must passively diffuse through the tight 
junction* of the alveolar epithelial cells (Betfogni: Berezin. 
198$ Movement of drugs into bronchial secretions occurs 
primarily by passive diffusion and is more likely to occur 
for drugs with favorable physio chemical characteristics 
such as high lipophtlicily and low molecular weight 
(<450|. Pew drugs achieve concentrations in respiratory 
tissues equal to concentrations in the plasma Thus, achiev¬ 
ing simply the MIC in the plasma against an organism 
infecting the respiratory tract is likel) to result in therapeu¬ 
tic failure (Levin and (Carakusi*. 1984; Berg an. 1981). 

Rather, the targeted plasma drug concentration must be 

great enough to ensure that the MIC will be reached at the 

site of infection. The relationship between plasma and 

bronchial driig concentrations can be described hj the 
partition ratio (Bergogne-Berezin, 1988; Braga, 1989), 
which is the area under the time plasma drug concentration 
versus lime curve in plasma divided h\ the same in bron¬ 
chial secretions, Such a re Union ship would compare not 
only ;icak concentrations hut also the time that drug stays 
in tissues, which generally is longer than in plasma. Colkc 

tion of sequential bronchial secretion samples necessary for 
kinetic analysis is, however, difficult, and such information 
currently is not available for many drugs, A more practical 
relationship is the ratio of bronchial drug concentrations to 
plasma drug concentrations. This ratio has heat established 

for ,i number of antimicrobial drugs and is often available 
in package inserts or textbooks. The ratio can serve its u 

basis for antimicrobial selection and dose manipulation 
{BcTgog ne-Berezin 1988; Braga, 1989). 

Among the antimicrobial classes, the penicillin antibiot¬ 
ics are characterized by one of the poorest plasma to 

bronchial (issue drug concentrations (mean of 9%), al¬ 
though variation exists among the individual drags (Table 
IB-31, For example, amoxicillin reaches four to five times 
higher concentrations in bronchial secretions than ampiciT 

I in when given at the same dose, although this is probably 
due to higher plasma concentrations (Bergogne-Berezin, 
198ft; Braga, 1989). Only about 30% of either drug in 

plasma, how ever* reaches bronchial secretions, The cepha¬ 
losporins arc distributed s light I) belter than the penicillin* 
(mean or 15% >. again with variation among (he individual 
members For example, cephalexin achieves only 155 of 
plasma concentrations, whereas cefoxitin and cefotaxime 
reach 25% of plasma concentrations. Selected third-genera¬ 
tion cephalosporins may reach even higher concentrations. 
Imipenem also has one of the better distribution patterns 
of the (i lactam antibiotics, reaching 20% of plasma con 

cen l rat inns in hronc h i a “ sec re t i on s i Be rgog n e - M ere zin, 

1988; Braga, (989). 

The aminoglycoside* distribute into bronchial secretions 

somewhat belter than the 13-lactams, generally reaching 
about 30*3 of plasma concentrations. Clindamycin achieves 



IB-3, Ratio of Serum to Branchial Concentration* of 
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615- of plasma concentrations. Tetracyclines, and particu¬ 
larly doxycycline (38%) and minocycline, can reach 3G% 

to 60% of plasma concentrations after a single dose. Mac 

rolides such as erythromycin generally distribute well into 


bronchial secretions 141% to 43% i, although newer dings 
such as azithromycin (which can accumulate up to 200- 
fold lit pulmonary tissues) distribute much better than 

erthromyrin (Beegogne-B^re /1 n * 1988; Braga, J989|. The 
fluoridated quinolones reach 70% m more of plasma con¬ 
centrations; they also accumulate over 50- to I IMF fold in 
alveolar macrophages. The potentiated sulfonamides have 

variable distribution. Whereas trimethoprim reaches 100% 
of serum concentrations in bronchial fluid, the sulfonamide 
component may achieve much lower concentrations. For 
example, sulfamethoxazole achieves only 18% of serum 

concentrations. Metronidazole, useful for anaerobic infec¬ 
tions. achieves 100% of plasma concentrations in respira¬ 
tory secretions (Bcrgogne-Bereiin, 1988; Braga, 1989). For 
drugs with a long elimination half-life (e.g., doxycycline). 
the ratios of bronchial concentratjoris to plasma concentra 
tions may increase with repetitive dosing as drop accumu¬ 
late < Bergogne-Bdrtf/in, 1988; Braga 19H9i. 

Inflammation generally increases concentrations of se¬ 
lected antibacterial^ I e.g,, p-latfaim and aminogIychides) 


in brunchLul secretions due no local vasodilation and vascu¬ 
lar permeability. Excessive inflammation can, however, 
preclude antibiotic distribution (Fig. 10- 1) (BergogiK-B£- 
r#/.in t 1988; Braga* 1989). Mucus produced in response to 
a bacterial infection in the respiratory tract can also utter- 
fere with antimicrobial therapy {Bergogne-B^r£zin* 1988; 
Braga, 1989), Aminoglycoside efficacy may be decreased 
by chelation with magnesium and calcium in the mucus. 
Antibiotics may bind to glycoproteins, and mucus may 
present a barrier to passive diffusion. In addition, some 
antibiotics way alter function of the mucociliary apparatus, 
either by increasing mucous \ iscosity or decreasing ciliary 
activity {e.g.. tetracyclines). Because of these negative ef¬ 
fects. drugs that decrease mucous viscosity (e g., expecto¬ 
rants or bromhexi ne , a drug -available outside of 'the United 
States! or arc mucolytic te.g„ acetylcysteine) may facilitate 
antibiotic therapy (Bcrgcgne-Bdr^ziit, 1988; Braga, 1989). 

A-acetylcysteine may be given by any route and reach 
effective concentration* in the lung, in addition to its mueo- 
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Figure 10-1. fhc wxuiritl^ion nl InfUmmjlnry dcbriv tn ihc pcnbrnm’hi'.iil.ir region fA)or in (lie aitvmlus ifl- n lild> tn impair dnif disiribuii™ «*» the 
vile of inicdkifl aitJ nu> Kimkt ihc acimlv of the drug that is able lu jxiviralc the diAri*- (I*tinimprp|di oourttiy of Bjjrr Animal Ilcdlib. | 


lytic cfleets, the drug imparts some ami-inflammatory ef¬ 
fects (oxygen radical scavenging \ and appears to help bac¬ 
terial penetration of die mucopolysaccharide capsule of 
grain -negative bacteria. Human patients are dosed %a ith 250 

to 500 mg orally a day (the drug n available in granular 

form in Hu rope, but the solution, can also he administered 

orally I. We base used from 125 mg total dose to up to the 

dose used In treat acetaminophen toxicosis (l-M mgfltg IV 
followed with 70 mg kg every S to L2 hours) in severe 

eases. 


Bacterial Tracheobronchitis 

Bttnitfelia tmmchiKeptku is the primary bacterial pathogen 
associated with infectious tracheobronchitis m dogs. This 
contagious disease, characterized by paroxysms of 
coughing, generally is mild and self-limiting hut can be¬ 
come serious, particularly if multiple bacteria become in¬ 
volved, The respiratory tract has a very functional mucosal 

defense mechanism that generally is able to clear most 

organisms within 3 days of infection, Bordeielk will, how¬ 
ever, persist for up to 14 weeks after infection (Thayer. 
I9&4; Hawkins, 1995). Active attachment to cilia and cilio- 
Miisis induced by Bunletttki appear to be important reasons 
for bacterial persistence. Whereas the disease generally is 
self-limiting to 7 to If) days’ duration, systemic signs 
indicative of pneumonia indicate the need for antibiotic 

therapy, 

Therapy should he based on culture and susceptibility 
data because organisms other titan BonJetrlta frequently 
complicate infection. Antimicrobial therapy should, how¬ 
ever. include a drug with known efficacy against 8. 
bmnchiseptica (sec later discussion), it is likely that Myco¬ 
plasma species also play a role in infectious tracheobron¬ 
chitis in dogs, and drug selection should include this organ¬ 
ism Because of the location of the organism and the 

difficulty of drug penetration into broochial secretions, 

aerosolizalion of selected antimicrobials (aimnoglycusidcs, 

polymyxin Bi should be considered as an adjunct to sys¬ 
temic antibiotic therapy Systemic therapy should include 

a drug that penetrates bronchial secretions well. Drugs w ith 
known in vitro efficacy against both H hronchiseplica and 
Mycoplasma include the fluonnated quinolones. doty- 


cydinc or minocycline, chlonunphentcoL and the macro- 

lides, Among these, only (he fluortiuied quinokmes typi¬ 
cally are associated with bacierieidal concentrations. Accu¬ 
mulation of the macrolides in lung tissue may. however, 
result in bactericidal concentrations of these otherwise bac- 
lenoslalie drugs. Vaccination should be used to immunise 

dogs against the primary pathogens of infectious tracheo¬ 
bronchitis. 


Bacterial Pneumonia 


Bacterial pneumonia is much more common in dogs than 

in cals. Although B bnmchiseptica and Strepun necus zo&- 
epidemicus are among the bacteria) organisms commonly 

associated with pneumonia, many other organisms can 
cause infection, including t colt, Pa$ifitrrlia> Klebsiella* 
Si aphylococc i ly , and Pseudomonas I Haw kins, 1995), live 
potential for Mycopbisma species and anaerobic organisms 
(particularly in the presence of ubscessalion) as a cause of 
infection should not be ignored. Generally, ihc respiratory 
tract is sterile below the larynx. Cytology and culture 
collected by tracheal wash, bronchoscopy. bronchial lavage, 
or lung aspiration should serve as the basis for treatment. 
Cultures of the pharyngeal area should not be the basis of 
antimicrobial selection for infections of the respiratory 

tract. Susceptibility data should he compared to select the 
most appropriate ami microbial. The more severe (he infec¬ 
tion, the more important lipid solubility becomes to drug 
selection. Doses should be sufficiently high to establish 
bactericidal concentrations of drug at the site of infection. 
Among the antimicrobials, fluormafed quinolones such as 
eitrufiaxacln should be considered because of their spec¬ 
trum and lipid solubility. In addition, accumulation by 
alveolar macrophages might enhance drug distribution at 
the site of inflammation (Hawkins et ah. 399HK Accumula¬ 
tion has been documented for both enrolloxacin and mar- 


bofloxacin. Combination therapy should he considered to 

not only broaden the spectrum of antimicrobials bin also 

to enhance efficacy. Aerosolized on should bo considered 
in addition to (never in Lieu of) systemic antimicrobial 

therapy; particularly in severe cases. Aerosoli/alion may 

be particularly important for infections associated with B 

hntnchiseprica. 
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Mobtli/atiun of rcspiralof> ^ecrcUons may be important 

lo resolution infection. In addition (O physical techniques 
such ns coupage, mucolytic and nutcok inetic agenis should 
be administered. B mfLchudi Jalor* may also facilitate move- 

mem of respiratory secretions as well as facilitate airway 
movement. Their use is controveisial, with some authors 
suggesting that their anti inflammatory effects may be det¬ 
rimental Control of inflammation without the use of more 
direct immunosuppressant (such as glucocorticoids), 'how¬ 
ever may not be serious enough to outweigh the potential 
benefits 01 airway relaxation. Theophylline can cause venti¬ 
lation perfusion mismatching, and oxygen therapy should 
be available to patients when this drug is administered in 
moderate to severe eases. Alternatively. p>-selective bttn 
dtodiluiort such as terbutaline should be considered. The 
author has used a combination of theophylline and lcfbum- 
1 ne .n severe cases of bronehoprieumimi a associated with 
hypoplastic trachea in a pediatric patient- Mucomyct ,V- 
acetylcysteine (200 to 500 mg orally or IV twice daily) 
should be considered for adjuvant therapy in infections 
associated with marked inflammatory debris. Drug penetra¬ 
tion through mucoid debris present at the site ot infection 
as a result of the microbe will be decreased, facilitating 
antimicrobial penetration. Penetration of the lipopolysac- 
charidc membrane of gram-negative organisms will like¬ 
wise be enhanced Treatment should continue until resolu¬ 
tion of radiographic signs indicative of pneumonia, which 

may require up to 6 weeks. 

Pyo* borax 

Pyoshanix. otherwise known as empyema, refers to the 
accumulation of white hlrxxl cells in the pleural space 

1 Bauer and Wood held. 1995) Organisms reach the pleural 
space either by direc t introduction (most commonly via a 
foreign body I or by hematogenous nr lymphnlic spread 

The physiologic forces that keep the pleural space essen¬ 
tially free of fluid, are overcome by inflammation, resulting 
in an increase in regional blood flow, capillary hyperten¬ 
sion. increased capillary permeability, and increased on¬ 
cotic draw (by inflammatory proteins) of fluid into the 
pleura space. Lymphatic drainage becomes progressively 
more important as oncotic draw into capillaries js lost, but 
accumulation of inflammatory debris and fibrosis ultimately 
preclude lymphatic drainage of the pleural space. Gram 

stain of fluids collected via s hr raceme vis can be a most 
rapid method of diagnosing the bacterial cause of infection. 
The incidence of anaerobic organisms as either sole agents 
(particularly in cats* or in combination with other bacteria 
is high. Thus, samples submitted for culture should include 
both aerobic and appropriately collected anaerobic speci¬ 
mens The presence of a foul smell (reflecting the produc¬ 
tion of organic matter by-products 1 is supportive of infec¬ 
tion by anaerobic organisms In order of frequency, 
causative species in the cat include Bticttroi&j i 15*£}., 
Artinotny ces (includiiig WoLatdia ), Prptostrrptocvccm, 

PustcurtUo. Fusohtii terium. and Mycoplasma, Causative 
organisms in the dog include Fuxvhuarriwti, Armvmyrts 

(including Nocandin)^ I nryn^batienism, Strfpuu'occu*. 
Hue ten rid* s t Pas, mt ft? fa. f. evti Klebsiella and Pepin- 

-Urcpuxitccu' (Bauer and Wood Held. 1995k Fungal organ¬ 
isms also should he considered as a cause of pyothorax. 


Removal oj inflammatory debris is a critical component 
of effective antimicrobial therapy for the patient with pyo- 
thorax. Drainage by thoncetuexis alone is not likely to be 
effective; indeed, up to KOri mortality can be expected 
with this approach. Progression to .a chronic stage can be 

expected in many patients in whom drainage has been 
inadequate, increasing both mortality .and cost compared 
with the patient with adequate drainage. Thus, therapy 
should include chest tube drainage (preferably by continu¬ 
ous water seal suction at 20 cm|. Bilateral chest tube 

placement may be necessary in some patients. Adequate 
hydration minimizes die risk of hypotension or apnea in¬ 
duced by continuous suction. Effective removal of debris 
not only will remove mediators associated with morbidity 
but also will facilitate antimicrobial distribution. Response 
to antimicrobial therapy should be based on repealed cytol* 
ogy and Gram stains. Clinical signs and cytologic findings 
should improve once chest tube drainage is in place Bacte¬ 
ria generally are nondeteciable 2 lo 3 days after therapy is 
begun; however, serial cultures should be used to confirm 
the absence of growth. Antimicrobial selection should be 
based on culture and susceptibility data. Unfortunately* 

growlh often does not occur despite cytologic evidence of 

bacteria. An anaerobic environment should be assumed 
even if aerobes are cultured because many of these organ¬ 
isms are able to survive and grow in an anaerobic environ¬ 
ment , 

Antimicrobials that are nul effective in ait anaerobic 
environment f*,g., aminoglycosides) should not be used a* 
sole agents in the treatment of pyothnrax. A penicillin 
should be included in the initial therapy because the spec¬ 
trum includes anaerobic organisms and synergistic micrac 
itotii that occur with a number of antimicrobials An 
ami nopenicillin (ampicillin, amoxicillin) n preferred so 
penicillin in order to extend the spectrum to include more 
gram-negative organisms. In severe cases, on extended p- 
lactam u,g„ imipenemj should be considered. Because 
many of the organisms (including anaerobe?! associated 
with pyodiorax produce p-beuurnses, protected drugs or 
drugs inherently resistant to pdacuun&sc* should be sc 

keted, The use of cephalosporins for the treatment of 
pyothonix probably should be avoided because their effi¬ 
cacy against anaerobes is less than that of penicillins. 
The aminoglycosides (particularly amikacin) are among 
the drugs to which Nocttrdia and Acunomyvts are very 
susceptible and should be considered m combination w ith 

& P-locum. 

For initial therapy, particularly in serious cases, the 
author prefers a combination of parenteral (IV) amoxicillin/ 
ampicillin or ideally imipenem if its cost is nrt prohibitive, 
particularly in serious cases, and amikacin. Ampicillin 
should be given al .t high dose at least every 6 hours ami 

preferably every 4 hours. Amikacin should be given once 
daily. Therapy should he continued for 7 to 10 days. At 
dial time, assuming improvement is evident, oral therapy 
can be implemented. The author prefers high doves of 
omoxiciJLin/clavulanic acid (every S hours) ,md a sulfadia 
zint/irircieihoprim combination ( B) to 45 mg/kg twice 
daily) based on hath drugs. Synergistic actions against 
Morardm have been documented fin vitro) with a number 

of antimicrobial combinations, including amikacin and sul- 
fadia/incArimethoprim lEhopoulos and Moeller mg. 1996) 
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Other drugs that have shown efficacy against Socaniiu or 
ALtmomwts and arc character!zed by adequate distribution 

to the pJvural space include clindamycin, minocycline* and 
doxycydline (Eltopoulos and Mudlenng, 19%). Precaution 

is advised, hnwevcT, when using these bacteriostatic drugs 

in combination with a bactericidal drug 


URINARY TRACT INFECTIONS 


Pathophysio fogy 


Btuieriurui simply refer.* to the presence ot bacteria in the 
urine. Significant hacieriuria has been defined as bacteria 
present in the mine in numbers exceeding the amount 
caused by contamination f rom the urnllira < ^ I O' bacteria 

or colony forming uniis/mLk Therapy is indicated lor 
infections assoc iuted with bacteria that exceed this amount. 
Infections of the urinary tract (UTI) include but ate not 
I muled to pyelonephritis, uieiir s, cystitis, urethritis, and 
prostatitis. Infection occasionally is restricted to urine (b«- 
leriitria) l Galich and Osborne, 1995). Because infection in 

any region ol the urinary Intel can be accompanied b> or 
icsull in infechon throughout the tract, however, terminol¬ 
ogy inclusive ol all sites often is preferred to terms limited 
to is single site of infection (e,g.. upper or lower urinary 
tract in feet ion )„ 

The clinical signs of UTI ore variable with the vile of 

infection. As with other body systems, the inflanimator)- 

response largely is responsible for the clinical signs of UTI 
Bactcnuria can he asymptomatic, delected on urinalysis 

but causing no i link' d signs Bactenuria also might be 

asymptomatic fSobel and Kaye, 1995). Acute cystitis can 

cause dysuria but rarely causes signs of systemic inflam¬ 
mation Acute pyelonephritis, however, often associated 

with signs ol systemic inflammation, including fever. As 
in any body system, evidence ol inflammation is not neces¬ 
sarily evidence of infection and the need for ami microbial 

therapy. Likewise, absence of inflammation docs not rule 
out bacterial infection. The incidence of UTI in dogs is 
higher (estimated at 14%) than ihat in cats |l% to 
iLulich and Osborne, 1995), Identification of the site of 
UTI may be difficult ax might be discrimination of the 
infection as primary or secondary’. 

Generali), the urinary tract js sterile above the urethra. 
Infection of the urinary tract begins with bacterial adher¬ 
ence to umepithdial cells of the urinary mucosal surface. 
Adherence is n specific two-phase process ins diving hucie- 
rial surface structures, referred to as adhrsiiu, and comple¬ 
mentary receptors «f the epithelial cells (Snhd and Kaye, 

1995 ). Bacterial adhesuns ant general I) kieaied in the bade- 

rial fimhriac, although they occasionally axe expressed n 

the absence of fimbriae. Species differences exist among 

the types of receptors in the host epithelial cells. The 
predominant receptor type in humans is glycolipid in na¬ 
ture, and its presence varies with blood cel l types, implying 
individual variation m susceptibility to bacteria) adherence 
in several body systems Escherichia coif contains adhesin.s 
that hind, to ilte glycolipid receptors. Mannose-containing 

receptors also have been documented in humans; both E. 
coli and non i coii are characterized by mannose- specific 
adhesUi.s. These adhesins are present on most Enierohoc- 


teriaceae On entry into the lower urinary tract. mannose 

adbesins appear to be important for colonization of the 

bladder or lower structures. In contrast, mannose-resistant 

fimbriae and other adhesius appear to be critical for coloni¬ 
zation of the renal structures. $■ wherichh cuii from canine 
UTI appear to adhere primarily through man nose-sensitive 
udhcsinv Binding between receptor and adhesin results m 
changes in the receptor-bearing cell. Toxins such as endo¬ 
toxin may act in conjunction with adherence to induce 

inflaminauodL Treauneui with mannose m similar mole¬ 
cules may block the receptors, thus reducing adherence 
(Senior, 1985). The severity of a UTI may be correlated 

with the adherence to nnocpil he I i al cells Organisms caus¬ 
ing acute pyelonephritis in human patients are character¬ 
ized hv higher adherence compared with organisms causing 
asymptomatic bacteria. These E. i t>ii produce a number of 

virulent factors* including hemolysin and aero hat tm, and 

arc able to resist the antibacterial effects of scrum (Senior 

cl aL. 1992). 

Several antimierohial* interfere with bacterial expres¬ 
sion of fimbrial adhesins and thus may prevent bacterial 
attachme nt and cokmi /a lion 1 • \ ample* i nc lude pen ic 1 1lin 
ampicillin. amoxicillin, and streptomycin. Single daily ad¬ 
ministration of antibiotic* at reduced (one half to as liille 
as one eighth) also may he able to prevent UTI* because 
of interference with limbriai expression or formation (Se¬ 
nior, 1985). 

A number of othei microbial factors increase the risk of 

UTI (Lulich and Osborne. 1995) These include hut are nor 

limited to other microbial antigens, production of toxins 

such as hemolysin or urease, and the mucoid polysaccha¬ 
ride capsule* (e g-. Indeed, bacterial infec¬ 

tion is rarely the initial cause of disease of the lower 
urinary tract in cals, bui developineru of infection is a 
comuton sequela (Lees, 1996a;, The role of viruses in 

feline lower urinary tract disease has been reviewed (Kru¬ 
ger et al.* 1996), Viruses that have been isolated in the 
urinary tract of cals w ith spontaneous disease include feline 
cal ici virus, bovine herpes vires 4. and feline sync vm a-form 

ing virus Kruger and Osborne. 1995) Either potential 
umpathogem include mycoplasma* and ureaplasmu* (Kru¬ 
ger and Osborne, 1993; Senior and Brown, 19%). Causes 
of recurrence or reinfection of the lower urinary tract sue 
discussed below, 

A number of host factors prevent or limit bacterial 
infection in the bladder <Sobel and Kaye* 19951 Whereas 

a^> mptomatic bactcnuria will often resolve or become self* 
limiting if left untreated, bacterial pyelonephritis is likely 
to progress (Lulidb and Osborne, 1995; Senior el at.. 1992), 
rbe normal flora of the vulva and prepuce may be an 
important host defense mechanism against infecting micro- 
organisms of the urinary tract. Normal flora may prevent 
colonization by pathogenic organisms or disrupt metabo¬ 
lism of pathogens. Secretory antibodies may coat infecting 
organisms, preventing adherence, and reduced antibody 
production may promote mfcvtiim The mucus may have 
other antibacterial effects. In the Muckier, mucosal secretion 

of surface raucopolyxacduirtdo is- important to host de¬ 
fense by preventing attachment of bacteria. Destruction of 
this layer facilitates infection Treatment v ith \ul Irina led 
glycosaminoglycans intraluminally may coat the uroepi 
thclium and (bus provide a barrier to bacterial adherence. 
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Administration of carbenoxolone (a licorice derivative)! 

stimulates secretion of mucosal poly&accharidc and., in rab¬ 
bits Mid humans, increases the clearance of E. colt infec¬ 
tion. In the bladder* the composition of urine can affect 
bacterial growth. Concentration (unless extreme) of urine 
is not likely to affect bacteria t bacteria are generally hyper¬ 
tonic compared with their environment), but high conceit 
nations of urea or other compounds or Low pH may impair 
bacterial growth. The addition of proslatic fluid inhibits 
bacterial growth. Exceptions include selected Siaphylococ- 
< i« and Proteus species, which are relatively resistant to 
the mtibacterial effects of urea (Sobel and Kaye, 1995). 
Tamm-Horsfall protein secreted by the cells of the as¬ 
cending loop of HenJe hinds to £ c oli via mannose-con 
(aining side chains and, ;is iuch, pmhahly acts as a urinary 

bacterial defense mechanism, Other factors that help pre- 
vent or reduce bacterial infection include frequent urina¬ 
tion, a *mall residual urine volume in the bladder* and 

rapid urinal ion. 

Recurrences reflect cl (her relapses or reinfections (Sobel 
and Kaye. 1995). Possible sources of UTI include ascen¬ 
sion from the urethra and hematogenous and lymphatic 
factors Ascending infection is by far the most common 
route of infection* although the kidney is predisposed to 
develop infection associated with hlmid-bome organisms. 
In humans, the origin of bacteria infecting the urinary tract 
h generally fecal, with the frequency of infection by a 
particular strain depending on the virulence of the organ¬ 
ism. Pathogens generally travel along the urethra to the 
bladder Anatomic deformity and turbulent urine flow may 
facilitate antegrade movement of organisms toward the 
bladder Catheterization is a common cause of ascension 
of bacteria from the urethra to the bladder. In human 

patients, one catheterization results in infection in \% of 
patients; and infection develops in mast if not all patients 
within 3 to 4 days of placement of an indwelling, open 
drainage catheter system t Sobel and Kaye, 1995), be male 
patients are more predisposed to ascending infection due 
to die shorter length of the tract and increased risk of 
contamination. Once in the bladder, infection can continue 
to ascend up the ureter to the kidney, particularly if vesicu- 
loureteral reflux h present. 

In an experimental model of UTI in cats* catheterization 
increased the risk of persistent UTI in cats with cystitis 
despite the use of a dosed system of urine drainage (Bar- 

santi, 1998). Other factors may contribute to recurrence 
or reinfection. Use of glucocorticoids and urinary tract 

catheterization were two therapeutic factors that contrib¬ 
uted do an increased risk oi UTI in a:i experimental model 
ot male feline cystiiis (Barsami, I99K). A study of infection 
in cats after perineal urethrostomy found that while the 
surgical procedure does not predispose the cat to recurrent 
bacterial urinary tract infection, surgical alteration of the 

urethral surface coupled with underlying uropathy may 
increase the risk and thus prevalence of ascending infection 
(Griffin and Gregory. 1992), Catheters should be used only 

in cab for which obstruction is likely if catheterization is 
ikh performed (Lees, 1996b). Urinary calculi may contrib¬ 
ute to feline lowei UTI*. One study reports growth of 
bacteria in urine or calculi of 41% of cats with urinary 
calculi (Ling ct al., 1990). Staphylococcus was responsible 
for most (45%) of these infections. Pyomctra may serve as 


a source of reinfecting organisms (Wadas et al., 1996) as 

might tumors (e.g.* transmissible venereal tumors) (Bata- 
muz and Kristenscn* 1996). 



Sequelae of Drug Therapy 

The goal of drug therapy is to climinale bacteriuria. How¬ 
ever, four sequelae of therapy may occur (Sobel and Kaye, 
1995; Lulich and Osborne, 1995). Cure can be defined us 

negative urine cultures during and after (usually 1 to 2 
weeks) antimicrobial therapy Quantitative bacterial counts 
should decrease within 48 hours after initiation of an appro¬ 
priate antimicrobial. Curt* does not rule out the- possibility 
of reinfection. Urinary tract infections may reflect first time 
or recurrent infections. Chronic VTt is often used to refer 
to persistence of infection. The terms recurrence, persis¬ 
tence and relapse seem to he used interchangeabl y when 
referring to UTIs. Persistence, or recurrence, can refer to 
presence of significant of low numbers of bacteria after 
48 hours of therapy, ff the numbers are significant, then 
antimicrobial resistance or insufficient drug concentrations 
(e.g., improper dose, poor oral absorption, poor renal elirni 
nation) should be suspected. If numbers are very few, a 
continuous source -of bacteria id the urinary tract (c.g.. 
urinary calculi, prostale* kidney) or contamination from the 
fewer urinary tract should he suspected (Sobel and Kaye, 
1995), In such cases* cultures can identify persistent organ¬ 
isms after therapy has been discontinued An appropriate 
approach would be classification of recurrent or persistent 
infections into three sources. 

Relapse occurs when fee same organism causes infec¬ 
tion with;n 1 to 2 weeks after therapy has been discon¬ 
tinued, Relapse generally occurs within ] to 2 weeks of 
cessation of therapy and may reflect either a very deep- 

seated infection or m abnormality of the urinary tract (c.g.* 
structural, renal* or prostatic infection). The presence of a 

different organism is considered reinfection, that is* a new 
infection. A new infection also can occur by the same 
organism located outside of the urinary tract. Generally, 

reinfection occurs more than I to 2 weeks after cessation 
of therapy. Super infection may also occur and reflects in¬ 
fection with an additional organism during the course of 
antimicrobial treatment (Lulich and Osborne* 1995). Evi¬ 
dence of persistent, relapsing, or superinfections should 

Lead to more aggressive therapy and to the use of bacteri¬ 
cidal rather (ban stalk 'drug'-. Among the common causes 
of 1 complications associated w ith UTI* antimicrobial resis¬ 
tance* unidentified underlying disease, and inappropriate 
dosing regimen should he considered. 

Antimicrobial therapy should be used only when reason 
able evidence of infection exists, Bacterial UTI occurs 
much less frequently in cats than in dog*, and clinical signs 
indicative of cystitis should not be interpreted as a need 
for antimicrobial therapy. Selection of the proper drug is 
complicated by host factors, severity of infection* cost and 
convenience consideration*. and the plethora of antimicro¬ 
bial drugs available from which to select, 

fdentiftcatfan of the Target 

In human patterns, diagnosis of UTI in asymptomatic pa¬ 
tients i s based on at least two clean-catch midstream urine 
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collections The same organism shook] be present in sig* 

mil cant (see earlier) amounts in both cultures A single 

culture is sufticiem in the presence of symptoms. Urinary 
cultures should be the basis of antimicrobial selection in 
complicated infections (e g . reinfection or relapse; history 

of antimicrobial use within ihe post 4 to 6 weeks I (Luhch 

and Osborne, 1995) «r if the infection represent* a risk to 
the patient's health. Infection after recent urinary caihctcr- 

i/.iium also should lead tu culture coll.ec (ion. 

Quantitalive urine culture should be used to discriminate 
harmless bacterial contaminations te.g., from the urethra) 
from pathogenic organisms, Lit a properly collected urine 
sample, bacterial counts ol more than \(P are indicative 
of injection: counts between HV and 10 s organisms are 

considered suspect and should lead to a second culture. 
Samples collected by catheterination or midstream catch 
link | tics arc more likely to yield falsely positive cultures 
than are samples collected by cystocentesis, particularly in 
females. Thus* cysiocentesis is preferred,, Methods have 
been described for culture implcmentafion in practice CLtil- 
ich and Osborne, 1995). 

Estherichiu coli is the predominant cause of UTH in 
both dogs and cats iBarsanii. 1990; Lees, I996aj. Virulence 
factors for E, tah include increased adherence to urxrcpi- 
thel;al cells, resistance to bactericidal activity, higher quan 
tiiy of K antigen, presence of aerohaciin. and hemolysin 
production (Sobcl and Kaye, 1995). Among these, adher¬ 
ence appears to be the most important. Sfaphvfococeus and 
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other gram-positive organisms account for' 25 4 t of UTls in 
dogs, Other causative agents include Proteus, Klebsiella 
Enirmbacter. and Pseudomonas {Bar&anti. 1990) Pmirus 
and Staph*haATM cause urinary alkalinizaiinn and as 
such often are associated with struvite formation in dogs 
Organism* other than E coti that cause UTI* in cats tile I ink 

Partem, Kfehsielfa, Pasteur*-Hu, Entenrixteter. P'.'eMdrmo- 
lui s, and Corynehacierium iLee*, 1996a). Mycoplasma also 
should be considered a* a less common cause of UTls 
(Senior and Brown, 1996). 

Antimicrobial Selection 

Ideally, a drug that is renal I y excreted should be selected 

for treatment of UTls, Urinary concentrations of such drugs 
often surpass serum concentration!* (up to 300-faldh ami 
as such susceptibility Jala dvaukl be based on urinary 
rather than plasma drug concentration* (Table IB-4) In- 
deed, drugs that might not be useful for treatment of lum- 
UTls t because of failure to achieve MIC in blood or 
tissues) often can be used to treat UTls (c.g., carbcmcillin, 
nitrofurantoin) In addition, renal elimination may result in 

bactericidal concentrations of drugs for which only bade- 

rii'static concentration* con be safely achieved in serum. 

Several caveats must be recognized, however, when basing 
ami microbial selection on renal elimination and anticipa¬ 
tion of high urine dreg concentrations: 

I, If the UTI is associated with infection in the blood 
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lor in ihe preseiKre of huctererma), kidney* or prostate, 
then antimicrobial selection should be bused on, anticipated 
plasma lor tissue) drug concentrations and scrum 
brcakpom l M 1C. 

2. Exceptions may be made in the presence of decreased 
renal function. IT renal function is sufficiently decrcaxctl„ 
urinary drag concentrations also will be decreased. In addi¬ 
tion depending on the safely of the drug, drug doses may 
need to be decreased. 

3, Many antimicrobials are characterised by a slum 
eltminaiLon half-life. For rcnalty eliminated drags, how¬ 
ever, plasma elimiration half-life may not accurately reflect 
contact time of drug in the target tissue ( i.c ., urine I. Pre¬ 
sumably, drug eliminated in the untie will be in contact 
longer with the infected tissue I i.c., lower LfTI) longer than 

other tissues, and therefore the haris for a recommendation 
to use drugs at a shorter interval when treating UT!s 
compared with other infections (Lulich and Osborne, 1995) 
may not be tdcvani for UTls. 

Caution is recommended when intervals shorter than 24 
hours are used for aminoglycosides. Contact between dray 
and microbe in the urinary tract can be facilitated by 
admini strut ion of a drag immediately after micturition or 
before an anticipated micturition-free period (eg , at night). 

Empirical Therapy 

Empirical therapy can be based on the most likely organ¬ 
isms to infect the LTI and ihcir response to antimicrobials 
as shown by historical data collected in dogs and cals. 
Caution is recommended, however, because of the recent 

recognition ol the growing incidence 1 of antimicrobial resis¬ 
tance, Among the organisms frequently causing UTls 151 

dogs wild cats, t. voh, Pmteu* species, Pseudomonas tier a- 
giturML and tnftrofnutt r are among ibe organisms that 
vary widely in their susceptibility pattern and for which 
empirical therapy is more risky. For most infections, a 
number nf antimicrobial drugs arc appropriate, allowing 

cost and convenience to he the primary determining factors 
in drug selection for uncomplicated infections. An imeom- 
pi/tttiej mferiitm is one in which no underlying structural, 
neurologic, or fund ion a I abnormality can be identified 
1 9 u|ith and Osborne, 1995).. The absence of previous anti¬ 
microbial therapy should also be interpreted as uncompli¬ 
cated, Once relapse occurs (see below), an infection should 
no longer be considered uncomplicated. 

Uncomplicated infections caused by E. cofi or Ertterv- 
bacter arc likely u> respond in trimethoprim sulfadia/ine. a 
first -generation cephalosporin, or nmos ic ilhnfoiavulanre 
at id combination Klthsielkh Pmiem, and StopHyfacorcu* 
arc like y to respond to a h regeneration cephalosporin or 

tii aiiiMwuL illitiA-kiv ohmic acid. Amoxicillin or anipicillin is 
also likely to he effective for Staphylococcus or StnrpUh ora 
cm. It is the author s recommendation to base infection 
caused b> P aeruginosa on culture and susceptibility data 
whenever possible Aminoglycosides (particularly ami¬ 
kacin.) are likely to 1 st* effective. I tie fluorinated quinolortcs 
approved tor use in veterinary medicine each arc likely to 
be effective against am of the mentioned pathogens caus¬ 
ing lower UTJs at concentrations achieved in urine. These 
drugs might belter, however he reserved for a second 


line of defense to minimize the advent of antimicrobial 
resistance. Note that MIC data for fluorinated quinolones 
are not likely to reflect concentrations achieved in urine',, 
and many organisms dial are noted as resistant may actually 
be susceptible in the urine. Fluorinated quinolones are also 
effective against Mycoplasma and Urmpimma, 

Attention should he paid to the PH of ihe urine com¬ 
pared with the pK # ol the chosen drug, In most situations, 
however, even if most of a drug is ionized fe.g., a weak 

bows in un acidic cm irottment). because drags are concert- 
truled in the urine, generally sufficient un ionized drag is 
available 10 ensure effective concentrations. in the presence 
of an alkaline pH, weakly basic antibiotics might be consid¬ 
ered (aminoglycosides, fluorinated quinokmesk Because 
urease producers may alkalinize the urine* drugs including 
such organisms (e,g * Pmfwi *. StaphyUn. ax us, and some 
A IcbMh species) should be selected. In the presence of 
an acidic urinary pH (perhaps caused by E r col r), weakly 
acid drugs (e.g„ penicillins, cephaJo&porins, poentiated sul¬ 
fonamides) might be better empirical selections. 

Duration -nf Therapy 

The duration for successful treatment of uncomplicated 
tower UTU might be ,is short as 3 to 5 days (Lulich and 
Osborne* 1995), Treat merit may need 10 be longer, how¬ 
ever, if infection occ urs anywhere other than the uroepitheb 

ium. In general, a 10- to 14-day therapeutic regimen is 
recommended for the first episode of therapy, the test for 
cure" (Lilith and Osborne, 1995) can be based on a 
second culture 3 to 5 days into therapy. Cure should be 

anticipated only it the organism count is less than 100 per 

milliliter of urine. Urine culture a second lime just before 

discontinuation of therapy has been recommended (Lulich 
and Osbormy 1995k particularly if antimicrobial prophy¬ 
laxis is to he implemented. Although shorter term antimi¬ 
crobial therapy (ranging from single high dose to dosing 
for 3 days) has proved effective for female human patients 
with a lower UTI, caution is recommended for use of this 
approach for dogs and cat*. Drugs that have been used 
successfully by humans for short-term dosing include tri¬ 
methoprim/sulfonamide combinations, aminoglycosides, 
selected LCphalospotins, and fluorinated qiiinolones. Drugs 

that are metabolized to an active metabolite le.g„ cm 
rufkixacin and ceftiofur) may be particularly conducive to 
single-dose therapy for animals, but these drugs apparently 
have not been scientifically studied for short-term use. Both 
single-dose and 3-day antimicrobial treatment regimens 
have been studied with dogs receiving amikacin and a 

irimethoprim/sulfonamide combination. Therapy was not 
uniformly successful, suggesting that caution should be 

used with this treatment regimen (Rogers et aL 1988). 

Factors that should preclude single-dose antimicrobial thci 

apy for a lower UTI include recurrence, historical poor 
response to single-dose therapy, underlying predisposing 
factor* to a UTI (including structural abnormalities of met¬ 
abolic disorders such as diabetes mellitus, and hyperadre- 
nocoracUmh and either pyelonephritis or symptoms a 
UTI that have occurred for mure than 7 days. 

For infections that reflect a relapse* the duration of 
therapy should be at least 2 week',; however, for human 
patients suffering from a relapse, a higher cure rate oc- 
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eurred with a 6-week course of therapy For animals, a 

duration of 4 to 6 weeks is recommended [Lulich and 
Osborne. 199?). Because relapse is likely to occur shortly 
after a mi microbial therapy is discontinued, cultures should 
he collected 7 lo 1 1 s day after cessation of therapy The 
presence of relapse should lead to a longer course of 
therapy, perhaps at a higher dose, A new antibiotic should 
be selected if infection occurs mote than 10 da vs. after 

‘ i|r 

cessation of therapy i Lulich and Osborne, 1995b a-' more 
time elapses between cessation at' therapy and the presence 
of baclcriuria, the more likely that reinfection is the cause 

of rCCUTTCIKC. 

In the event of relapse abet h weeks ot iherapy, 6 
months of therapy or more may be necessary. A 4- lo 6- 
momh duration ot therapy may be indicated ft* animals 
Greater care should bt taken, however, in the selection of 
antibiotics for longer term therapy, with special consider 
at ion to toxicity. Prog*. Thai are used for long~ term therapy 

for human patients include amoxicillin, cephalexin, tri- 

methopn m/sulfonamide combination, or a du or mated quin- 

olonc, Cultures should be repeated monthly. and. as long 

us significant bacteria are not present, the drug need not be 
changed. Should relapse occur after a drug is discontinued, 
the same drug or a new drug should be administered for 
a longer course of therapy Long-term therapy may be 

particularly important for animal* in which renal parenchy¬ 
mal damage is a risk. 


Prophylaxis 

Long-term prophylaxis can be implemented for patients at 

risk for recurrence. Prophylaxis (by definition} can occur 
only after live infection has been eradicated The use of 
low doses of antimicrobials in the presence of bactehuria 

is likely to lead to the generation of resist;mt organisms 
and is contraindicated. Thus, prophylactic antimicrohial 
therapy of UTls is indicated for reinfection but not relapse 
(the latter suggests that the organism was never completely 
eradicated}. The antimicrobial chosen for long-term pro 
phyla vis should be both safe and inexpensive. Trimetho- 
pr tire su I tonarn ide combi nat i on s (nx>n 1 1or for i untune • me 

dialed reactions) and fluoroquinolones are examples. The 

dose generally can bt: reduced to 3(ltt io 50*5 of the full 
dose (Lu li eh ami (h home. 1995), 

Despite this low dose, therapeutic concentrations of 

drugs arc likely to he achieved in urine, in addition, sub- 

therapeutic concentrations of drugs often are sufficiently 

inhibitory to prevent infection of the uroepi(helium. The 
drug should he administered at night to maximize contact 

of the drug with the urinary tract. Interim Item urine cultures 

[monthly} me militated to detect breakthrough infections 

in animals receiving long-itnn antimicrobial prophylaxis 
Negative cultures for 6 to 9 months or more may indicate 
that prophylaxis is no longer necessary. 


Adjjuvan! Therapy 

Diuresis has been advocated in the ttraimcni u| UTIs in 
humans. Advantages include rapid dilution of hacicna. 
removal ot’ infected urine, and subsequent rapid reduction 

of bacterial counts. In pat re nts with pyelonephritis, an 
added advantage may bt 1 enhanced host defenses: Medul¬ 


lary hypertonicity inhibits leukocyte migration, and high 

ammonia concentration inaeiivales complement, In the 
presence of vesiculoureteral reflux, however, diuresis m;iy 
increase the risk of acute urinary retention. 

Use of drugs to modify urinary pH may facilitate the 
antibacterial effwis a I urine, 1 he presence of intu/ahfe 
organii adds ihippuric and (J-hydroxybuiyrk acid) in an 
acidic pH Olay enhance the antibacterial activity of live 
urine. Antibacterial activity may be increased by ingestion 
of cranberry juice (if urinary pH is acidic), which contains 

precursori of hippuric acid Methenumine releases forma I- 
dchv de at u urinary pH of 5 5 of less, which also can 
increase antibacterial activity ot urine. Methenamine has. 
however, been associated with methemoglobinemia in the 
cat. In human patients, urinary acidification li$ very difficult 
to achieve and can result in disolution of crystals. Urinary 

acid'll cation is recommended rarely and only with concom¬ 
itant use of organic acidk (or merhenamine). 

I ocal urinary analgesics, such as phenu/opyridinc, 
rarely are indicated for ilie management of urinary tract 
infections l)y surra is most likely to respond to appropri ire 
uiitimicit>hiaJ therapy. These drugs cause rneiJieinoglobin- 

emiu in cats. 

Drugs or nutraceulicml products thaL enhance poly sul • 
fated glyctsaininejgtycan synthesis fe.g., ADLQUAN. pen¬ 
tosan poly sulfate, glucosamine, diondroitin sulfate > might 

be considered for patients with complicated UT1 Such 
matenals may cover or help repair ihe umep ithe I i urn, thus 
decreasing bacterial adherence. 



Treatment for pyelonephritis may require hospitalization. 

Oral antibiotic therapy is acceptable for mild to moderate 
cases as long as oral therapy is tolerated well. Because 
renal dysfunction can be life threatening, antimicrobial 

selection should ultimately be bused on culture and suscep¬ 
tibility data. Therapy can be initiated empirically; however, 
resistance among E. cali organiMiis should lead to sc lec¬ 
tions other than amoxicillin and ampidllin Trimethoprim/ 

sulfonamide combinations, amoxicillin/c lavulanic acid 
combinations, cephalosporins, and fiuorinated qu inn tones 
remain gtxxd choices for human patients (Sobel and Kaye, 
1995}. Pyelonephritis can be associated with bacteremia. 

gram negative Clinical signs indicative of se¬ 
vere, life-threatening infection should lead to parenteral 

antibiotic therapy with predictably effective drugs (e g., 

ammoglyco&iites. fhiorinaicd quinolones. extended spec¬ 
trum fj-lactams, and third-generation cephalosporins ) 
Combination iherapy also should he Miongh considered. 
The high concentration of antibiotic that fatdilates treat¬ 
ment of the lower urinary tract (bladder and lower) may 

not occur in pyelonephritis; thus attention must he closely 

paid to using sufficiently high doses and frequent dosing. 

Drags whose efficacy is dependent on a hypotonic environ 
ment (compared with the target organism| such as [J-lac¬ 
tams may be less effective in the face of medullary hyperto¬ 
nic tly. As with infection lowct in the Traci, bacterial 
■ 

numbers should decrease dramatically within the first 48 
hours. For uncomplicated pyelonephritis. 14 days of ther 
apy may be sufficient. Cultures should be repeated as 


partit u.aj 
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previously indicated during and within I to 2 weeks of 
discontinuation of therapy* Complication! such us absce^sa- 
lion may require surgical intervention and longer term ther¬ 
apy- 

Prostatitis 

Path* i physiology 

Brieferia I prostatitis can present as either ait acute or 
chronic infection. One does not necessarily lead or follow 
the other. Among the causes of prostate infection* as¬ 
cending infection anil urine reflux appear to fee most likely. 
Acute prostatitis often is accompanied by fever, pain* and 
symptoms typical of a UT1 Palpation of the prostate re¬ 
veals tenderness* swelling* ami (potentially) a fluctuant 
surface. Care should be taken when palpating the prostate 
so that the risk of bacteremia is minimized. Chronic bacte 
rial prostatitis most commonly is caused by gram-negative 
conforms* with E. coft being most common, followed by 
Klebsiella Entcrnbacicr. Pmums mirabitix, and V aureus. 

Antimicrobial Selection and U« 

Antimicrobial penetration into the nun in flamed canine 
prostate is limited. Drugs itaul are basic and lipid soluble 
appear to diffuse through tissues best, including macroltde* 
<e*£., erythromycin and presumably azithromycin and cla¬ 
rithromycin); tiuormated quinoiones, and trimethoprim/siil- 
fnnamidc combinations. The intense inflammatory response 
tli,it accompanies acute prostatitis facilitated antimicrobial 
movement into the prostate (Sobd and Kaye. 1995b al¬ 
though high doses should be used to ensure adequate con¬ 
centrations at the site of infection. Parenteral antibiotics 

should be used in the presence of life-threatening infection; 
otherwise, oral therapy is. acceptable* Duration of therapy 
should he at least 4 weeks to minimize the risk of progres¬ 
sion lo chronic prostatitis. Prostatic abscessahon generally 
requires surgical intervention. Chronic prostatitis in human 

patients i% difficult (o cure unless infected tissue is surgi¬ 
cally excised. Chronic prostatitis generally results in re¬ 
lapse. Therapy when successful generally requires l to 
2 months of tfternpy. Antimicrobials that penetrate the 
noninflamed prostate <eg,» ftuorinated quinolones* tnmeth- 

oprim/sulfonamide combinations, or macrolides) should be 
selected (Sobd and Kaye, 1995), 

Adjuvant therapy for the treatment of prostatitis includes 
stool softeners and. if indicated, analgesics Neutering 
should be considered. 

INFECTIONS OF THE UTERUS 
Endometritis 

Endometritis is associated with sanguineous or purulent 

vaginal discharge in either the pregnant bitch (if the cervix 

is open i or nempregnant bitch (Wallace, 1995). As with 
many organ systems, organisms causing uterine infections 
tend lo be numbers of the normal flora of the reproductive 
tract. Organisms most commonly associated with uterine 


infections include Streptococcus species E, colt Salmo¬ 
nella, Campylobacter, Mycoplasma, and Chlamydia tWal¬ 
lace. 1995), Bacterial infections of the uterus resulting in 
endometritis can be responsible for infertility, abortion, 
stillbirths* and fetal death. Treatment of endometritis differs 

in the presence of pregnancy (live fetuses) in pan because 

of potential injury to developing fetuses. Regardless of 
file antimicrobial, any type of placentaiion is sufficiently 
intimate to allow movement of drag administered lo the 
dam or queen to cross the placenta anti enter the fetus. In 
general, however, the fetus can excrete water-soluble drugs 
more easily than lipid-soluble dongs because water-soluble 
drugs can be eliminated in the allantoic fluid. In contrast, 
drag-metabolizing enzymes of the fetal liver are immature 
and essentially nonfunctional. Although metabolizing activ ■ 
ity increases m the term of pregnancy ends* activity re¬ 
mains sufficiently weak (hat drag elimination probably 
ineffectual. Thus* lipid-soluble drugs lend to remain in the 
fetus. When possible, drugs that are water-soluble should 
be selected for treatment of infections in the pregnant bitch 
The 0-lactims are preferred with amoxicillin combined 

with eluvulank acid or a, cephalosporin as first choice, 
assuming the target organism is included in the spectrum. 
Culture and susceptibility data should be the basis for 
antimicrobial selection for treatment of endometrms* even 
if antibiotics are begun before results arc received, Should 
susceptibility data indicate 0-lactams as resistant, amino¬ 
glycosides can lie used. Pediatric land presumably fetal) 
canine kidneys are protected from aminoglycoside damage 
because the cortical regions do jmm fully develop until 
several weeks postpartum, Fluorinated quinolones also ap 
pear to be safe for (he developing fetus* although the risk 

of cartilage damage even in the developing fetus night lead 

to an alternative class at dregs. Response to antimicrobial 

therapy is indicated b> resolution of vaginal discharge, 

which should occur within several days of beginning ther¬ 
apy, Therapy should continue for 2 lo 3 weeks (Wallace, 
1995). In the case of fetal death* prostaglandin therapy may 
be indicated in order to evacuate the uterus (see chapter on 
reproductive therapy?. Evidence of septicemia indicates 
more dramatic and aggressive therapy (see later), 

Pyometra 

Although bacterial infection is secondary to ;bc cystic 

changes associated with pyometra, the infection is the 
primary cause of illness and death. Organisms most com¬ 
monly associated with pyometra include £ coli (the major¬ 
ity of infections), hemolytic Streptococcus, Staphylococcus* 
Klebsiella, Paste un? I la, Pseudomonas, Prvtcui, and Worcuc- 

etid (Johnson, 1995). Wadas et aJ. (1996) demonstrated 

•■i 

that / eoli associated with pyometra in dogs was derived 
from fecal flora and were also identical to those simultane¬ 
ously cultured from the urine. Host and microbial factors 
(see Chapter 8} play a large role in the pathogenesis of 
pyometra and response to drug therapy. In addition to 
the obvious impact of inflammatory and other debris on 
antimicrobial efficacy, the- local immune response of the 
uterus is impaired (Johnson* 1995). < '(implications such as 

bacterial peritonitis and endotoxin contribute to mortality. 
Endotoxin concentration^ generally arc increased before 
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implementation (if drug therapy, further complicating anti¬ 
microbial selection (Johnson. 1995). 

Antimicrobials that iiummi/c endotoxin release (e.g., 
i ntti pe neitt, selected third-generation cephalosporins, umitio- 

glycosktes, and fl non ruled qumo loots) should he consid¬ 
ered for pyometra, Response to endofttxemia should he 
anticipated in patients with pyojnttra, and antimicrobial 
treatment should be aggressive. Therapy for pyomeira 
should include supportive measures such ns fluid rchydra- 
hon and. if indkaied. therapy for endotnxic shock Gluco¬ 
corticoid therapy should be avoided tsec Chapter 17). Sur¬ 
gical removal of the infected uterus is [he treatment ot 
choice: however, antimicrobial therapy should he imple¬ 
mented regardless of uliether ovariohysterectomy is per¬ 
fumed. Prostaglandin therapy may he implemented in se¬ 
lected cases (sec chapter on reproductive therapy}. 

Culture and susceptibility data should be collected he 
fore empirical therapy with a bactericidal drag that includes 

t cait in its spectrum is begun, Although a fi-laetam 
antibiotic is generally an excellent first choice, concern 
with rapid cell death and release of lethal quantities of 

endotoxin should lead to 1 1) selection of imipenem. the fl- 


I act am associated with the least endotoxin release: (2> 


combination therapy with a non-p-laetam antibiotic (e.g„ 

an aminoglycoside or iluon ruled quinolonei that is admin¬ 
istered before i! to 2 hours! Ihc (J-lueliim; or (3) slow 

ad i II i Ml stratum ol the [i-laelain. jvrhaps nwr (he course ol 

J hour. Administration of an anfienduioxm-bindmg agent, 

sueh as polymyxin 11 tin doses much lower than those 

necessary for a bactericidal effectL might also be consid¬ 
ered although the use of sueh drugs has not been studied 
for their endotoxin-binding safety and efficacy in small ani 
mu Is. 


DERMATOLOGIC INFECTIONS 

Pyoderma 


Microbial Hum 

Ihe microHora of the skirt is composed of both resident 

and transient organisms, Resilient organisms in the skin 

of Jogs include Mu'fococcux, o-hemolytic streptococci, 
aerobic diphtheroids, Pntpionibtit'hTium tn tm and Stuphx 
ItHiH * 'ha species. pM T U<}timomi\. Pmicus, and Caryne bacte¬ 
rium have also been cultured from normal dogs. Among 
the organisms cultured from the skin of normal dogs, only 
Staphyittcorcus intrmwtiiits is a likely cause ot pyoderma 
SttiphvIrHiHtus mrt iit and other SmphyUH'Occu* species 
are much rarer causes of superficial pyodermas in dogs 
! Ihrke, 1996a, b: Lloyd, 1996). Suiphxhn.iK‘ius inirnnetliub 

is involved in approximately 90*i of canine pyodermas 

4 Ihrke,. 1990. 1996a, bk The resident status of S. interme¬ 
dium m the skin is debatable Although cultured frequently 
from either the skin ot hair of normal dogs, 5. inftrmrdius 
may simply he a contaminant or a transient organism, 
acting as a “nomad. 1 proliferating only when environmen¬ 
tal circumstances arc supportive of growth (DeBoer, 1994). 
The microflora of dogs with pyoderma differs from the 
microflora of the skin m normal dogs. Even skin not 
clinically affected by pyoderma is characterized by in¬ 


creased staphylococcal colonization (Ihrke, 1996a, b). 
Eventually. Staphytmoccus becomes the predominant or¬ 
ganism in the skin. It can change the local environment, 
allowing proliferation of other organisms Thus, even when 

disease has progressed to Ihc point that gram-negative 
infections le g . £, adi t promts, and Pvetidomortvi) (Ihrke, 
1996a, bi arc involved (generally deep pyodermasl. 5, 
intermedius is likely to be involved In fact, if 5, interme¬ 
dins is not cultured from the skin lesion, the laboratory or 
culture technique should be questioned l Ihrke, 1990), 
When pyoderma is treated, concomitant infection with S, 
intrrmetiittA should he assumed, and control of infection by 
S iniennt’tHm in sush cases should facilitate treatment of 



other organisms, including gram-negative ones. 

Diagnostic aids can be useful to discriminate 

from colonization in the •Tin. Gram staining and cytology 

are particularly helpful The presence of rods is indicative 
of a mixed infection (with gram-negative otpnisniM; intra¬ 
cellular organisms indicate phagocytosis and thus infection 
rather than, colonization. Cytology may help stage or iden¬ 
tify the Cause of disease: Mononuclear inti I [rations indicate 
deep, chronic infections; large numbers of StaphyitKo c t u\ 

species in pustules may be indicative of by peradrcnococii- 
cism lIhrke, I99ba, b). 


Predisposing factors 

Because of its nature, pyoderma should he expected to be 

complex and difficult to treat. Pyoderma is defined as a 
bacterial infection in skin associated with ptis, and both die 
organ iskin) and local environment (pusl present barriers 
to drug movement and efficacy (Ihrke, 1990k The location 
of the infection in the skin also confounds therapy (Ihrke, 
1996a. h). The depth of the infection (surface to cellulitis) 
in particular can have a negative.’ impact on successful 
drug therapy Unchecked disease can spread from the skin 
surface (c,g„ intertrigo), which is a location generally ame¬ 
nable to topical antimicrobial therapy, to the superficial 

skin structures le g., impetigo, superficial folliculitis), 

which is less responsive. As ihc infection becomes more 
deeply seated, systemic anti microbial therapy becomes 
more important (Fig. 111-2 > t Ihrke, 1990, 1996a, hi. Le¬ 
sions of deep pyoderma begin in the distal portion of ihe 
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hair follicle., often extend below the follicle, and may be 
accompanied by furunculusis and a granulomatous re¬ 
sponse As the disease worsens, antimicrobial therapy be 

comes more difficult (Ihrke, 1990, 1996a, b}. Cellulitis is 

i he most severe nun i festal ion of pyoderma and involves 
infection of the demni< and adjacent subcutaneous tissues, 
Alihough uncommon, infection at this depth can become 
life threatening if sepsis develops. Obviously, one of the 
goals of therapy for pyoderma is to prevent the progression 
of Clinical signs. 

Not all pyodermas arc difficult to treat, indeed, most 
will respond to initial antibiotic therapy For some patients 

that initially respond to antimicrobial therapy, however, 
recrudescence of their disease vviJI occur after therapy is 
discontinued. The rtuisi likely cause fur recrudescence is 
failure or inability to control underlying skin diseases that 
predispose the 'kin to persistent nr recurrent infections. 
Examples include ectoparasiiism, seborrhea fcornification 
disorders l t allergies (atopic dermatitis* flea or food aller¬ 
gies i, and endocrinopathies fhy peradrcnocofficism or hypo* 
thyroidism) tlhrke. 1990, 1996a, bl Anatomic abnormal! 

ues such , 1 ?- skin folds (intertrigo) also predispose the 
patient to bacterial infection (Ihrke, 1990. 1996a, b). These 
under I > mg factors must be corrected when possible. In 
many patients, however. correction of the underlying cause 

is not possible. In addition, other factors complicate treat 
meat of pyoderma These include the effects. of the in 
let ting microbe, mechanical and physiologic harriers pre¬ 
sented by the normal animal, functional and structural 
sequelae of disease, and limitations of the drugs. The 
interaction among these factors is difficult to predict. Their 

impact can, however, he largely minimized by decision 

making during antimicrobial selection that k based on the 
interactions. 

Materials released from microbes facilitate invasion. 

impair cellular phagocytosis, and damage host tissues. 

Mosi staphylococci associated with canine pyoderma pro¬ 
duce l 'slime/' a material that facilitates bacterial adhesion 
to cells Soluble mediators released by organisms (hemoly¬ 
sin. cpkkritioJylic toxin, Icukucidtiu may damage host i is¬ 
sues or alter host response (Ihrke, 1996a, bl Staphylococ- 
cal organisms contain protein A. which impairs aniihod} 

response, activates complement, and causes chemotaxis 
(C’ox et 3.1., I9K6). Selected StaphylfKwccits species sup¬ 
press f>[ avoid intracellular killing once phagocylired by 
leukocytes fTuIkens, 1990). Viability of the organisms will 
he maintained inside the phagocyte, allowing not only 

survival but perhaps also continued replication inside the 

cell. Subsequent release of the organism upon the death of 
the phagocyte allows reinfection, leading to persistent or 
recurrent infections. 

The surface of the skin normally presents several harri¬ 
ers to bacterial invasion and coloniration. Cells of the 
stratum cumeum desquamate from the surface of the skin 
and hair follicles, and the lipid-rich environment between 
the cells impedes bacterial movement (Ihrkc. 1996a. b\ 
Epithelial proliferation follows injury to the skin* decreas¬ 
ing the likelihood of bacterial invasion. Sebum and sweat 
contain antibacterial chemicals ^uch as inorganic salts 
(Ihrkc. 1996a, h) and lipids. (White. 1996) Filially, resident 
microflora help keep invading microflora ’in check,” Dif 
fere nets in the incidence and ease of treatment of pytv 


derma in dogs versus cuts and other species may reflect 
anatomic and physiologic differences in their skin (Ihrkc, 
1996a. b). Canine skin may be predisposed to pyoderma 
because the stratum corneum is thin, compact* and contains 


less lipid material. As such, canine stratum comcum may 

present a less efficient barrier to bacterial invasion com¬ 
pared to other species. Camne hair follicles lad. a lipid- 
squamous “plug/' which may facilitate bacterial penetra¬ 
tion into the hair follicle (Ihrkc. 1996a, b; Lloyd. 1996). 

Finally, the pH of canine skin is higher than that of other 

species* perhaps providing an environment more conducive 
to bacterial proliferation (Ihrkc* 1996a, bf 

Skin also bits a well-developed immune response, com¬ 
posed of proteins, immunoglobulins located in the base¬ 
ment membrane, cells nf the immune system located in the 
dermis and epidermis, and regional lymphoid tissue (Ihrlre. 
1996a, b). Under normal circumstances, components of 
bacteria that penetrate the skin stimulate a humoral re¬ 
sponse (immunoglobulins G -arid M) which in turn activates 
effector mechanisms leading to an acute inflammatory re¬ 
sponse (Ihrkc, 1996a, b). Phagocytic while blood cells 

(initially neutrophils) that respond to inflammatory media¬ 
tors use a number of oxidative (e g., myeloperoxidase) 
and nonox Ida five (e g., bactericidal permeability increasing 

protein) mechanisms to kill phagccytizcd invading bacteria 

(Aucnin, 19%). Unfortunately* horn responses m bacterial 
invasion may become deleterious and can negatively no 
pact successful therapy. 


Patbophy sioingy 

"Flic inflammatory response nm facilitate bacterial penetra- 

tkm. is responsible for clinical signs associated with the 

disease, and may preclude- antimicrobial penetration of the 
skin Cutaneous mast cells triggered by antislaphy lococctl 

immunoglobulin E may increase epidermal permeability 

and facilitate bacteria or bacterial antigen penetration in 
patients with allergic skin disease (Ihrkc, 1996a, b; White, 
1996). Some staphylococcal organisms release ''super anti¬ 
gens" (enlerotoxin), which may cause interleukin release 
and an inappropriately large T-lymphocyte response in the 
skin (Ihrkc, 1996a* b; White* 1996; Morales ei aL* 1994). 

The severe and persistent inflammatory response leads to 
pruritus, and self-trauma further aggravates bacterial penc- 
t rat ion. The* disease may develop an autoimmune compo¬ 
nent fIhrkc 1996a, bf. These long-term changes, in con¬ 
junction with inflammatory disease, predispose the patient 
to recurrent pyoderma. 

As bacterial skin disease progresses, pathologic changes 
become barriers to drug distribution to the site of infection. 
The barriers vary with the site of infection, ranging from 
very superficial structures (epidermal and hair follicle) to 
deep structures below the hair follicle. Hair follicles may 
rupture* leading to furunculosis. Granulomatous changes 
and keral inaceoux debris may act as a foreign body* perpet¬ 
uating the inflammatory response (Ihrkc, 1996a* b). These 
deeper structures may become isolated by fibrous (issue as 

disease progresses unchecked. Foci of organisms located 

in these isolated beds, are a likely cause of recurrent infec¬ 
tion* with deep pyoderma (see Fig. 10-2)* m call intracellu¬ 
lar survival of phagocytized organisms (sec Figs. &-13 and 
ft-14) i Ihrkc, 1996a. h). 
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Considerations in Drug Selection 

For most antimicrobials used to urn canine pyoderma, 
side effects become less important lo the selection and 

other considerations can take precedence. Exceptitm*i might 
occur for erythromycin; up to 5091 of animals should he 

expected in develop gastrointestinal **upset’ when treated 
with erythromycin iKunkle ct al.. 1993). Immune-mediated 

side effects caused by potentiated sulfonamides may Limit 

their long term use (Cribb ct ah. 19%). Although there 
have been no documented reports of sulfonamide toxicity 
caused by sulfonamideformctoprim combinations, ii is 
likely that toxicity will occur for any sulfonamide compel 
nent. Sul form mi dev are a 1 so able to decrease thyroid hor¬ 
mone synthesis Marked decreases in circulating thyroid 

hormones have been documented in dogs receiving 30 
mg/kg of .i potentiated sulfonamide twice daitv. Thyroid 
function should return to normal once the drug Is discon¬ 
tinued. 

Drug Movement. In fir# Site of Infection 

Distribution, of antibiotics applied topically is limited by 

the presence of the stratum comeum, although distribution 
presumably will be enhanced in the presence of inflamma¬ 
tion. Accumulation of inflammatory debris, however, also 

impedes drug movement after either topical or systemic 
administration, Shampooing not only moves inflammatory 
debris bui also softens (be stratum comeum, thus facilitate 
ing movement of topically applied antimicrobials to deeper 
tissues. Distribution of systcmically administered antibiot¬ 
ics to the skin is somewhat limited even with normal 
conditions. Despite the skin being the largest organ of the 
body, blood flow to the skin represents only 9 r £ of the 

cardiac output. Drug distribution to the skin takes longer 
than to 1 issues with greater blood flow. Although skin is 
well perfused* blood supply to the epidermis consist* of 
capillaries that lie under the epidermis, and drugs must 
passively diffuse to the epidermis and* with folliculitis, 
through the hair follicle. The plexi of arteries ami veins 
that supply the skin include arteriovenous anustotnose* iluii 
allow blood to bypass capillary beds. Blood supply to the 
skin cun be altered easily in disease, particularly in the 
extremities ami deep dermis 

Most anlibioftcs used lo treat pyoderma are lipid soluble, 
although the degree varies with mch drug. Drug* that arc 
characterised by a favorable distribution pattern to the 
skin include the liuurinaiud i[uinulonc\ h the sulfonamides 
(including those ''potentiated"), the macrulides (erythro¬ 
mycin), the hncovi nudes {clindamycin and It neomycin): 
and chloramphenicol (Nett, 1994), 

A ntimicmhmi Resistance 

Antimicrobial resistance may impaci antimicrobial ther¬ 
apy of pyoderma. Staph) loeotctts min us, the causative 
organism of human pyoderma, has developed a forbidding 

pattern of resistance toward many antimicrobials In con¬ 
trast. S. j nit rtHcciiu.i has not been as adaptable: Comparison 

of data collected during the Iasi two decades suggests (hat 
susceptibility patterns, of the organism have not changed 

dramatically 11 hike, 1996a. b). Yet h although S. intermedins 


* m 

is a species distinct from S. aureus, transmission between 

these organisms of plasmids responsible for multiple anti¬ 
microbial resistance may be a factor that might ultimately 
contribute to antimicrobial failure in canine pyoderma 
(Itake, 1996a, b). Ihe prudent clinician will lake a prune - 
live approach to avoiding the development of antimicrobial 

resistance among organisms that cause canine pyodernu. 

Ptev ious amibkrtk use should be considered in the selec¬ 
tion of an antimicrobial without the benefit of culture and 
susceptibility data, fhe impact of previous anlibiolic use 
on the susceptibility pattern of a microbe to other drugs is 

controversial (fhrke )9%a + be Susceptibility of Staphylo¬ 
coccus lo penicillins, tetracyclines* and potentiated sulfon¬ 
amides may, however, be decreased after use of antibiotic*. 
Susceptibility data should be considered a* a basis fur 
selection of antimicrobials for patients with a history of 
recent antimicrobial use. Certainly, drugs prcviuuvly used 
and thul have subsequently failed should be lo oided. Resis¬ 
tance may more likely be encountered in gram-negative 
organisms associated with deep pyoderma (lhrke. 1996a 

b) t and culture and susceptibility data become increasingly 
important for antimicrobial selection with these infection* 
Rt'Mstance as more likely to develop with long-term therapy 
(as must occur for deep pyoderma) and conditions (hat are 
likely to result »n subihcrapcuuu concentrations at the site 
of infection. Repetitive cultures that yield increasing MICs 
for the same drug may indicate development of resistance, 
and alternative drugs or combination antimicrobial Therapy 
should he considered in such cases (Neu. 1994) 

The combination of clavulanic acid with amoxicillin 
"protects" amoxicillin from p-lactamase destruction: as 
such, the combination, rather than amoxicillin alone, should 
be used when treating pyoderma (Bush et al., 1989). Nar¬ 
row-spectrum semisymbetic penicillins (did oxacillin, clox- 
ocillin* and oxacillin) are resi9am to p-lactamafrcv. Cepha¬ 
losporins are commonly tued us lirsl choice antibiotic 
therapy for treatment of canine pyoderma because they are 
less likely than penicillins to be destroyed by P-lactamases 
produced by SttiphyUxwti* specie* (Caprile. I9KSI. p- 
Lactamasc resistance can also be avoided by using alterna¬ 
tive (non-p-lactam) antimicrobials Other mechanisms of 

bacterial resistance may. however, develop to any antimi¬ 
crobial, particularly if the resistance is plasmid mediated. 
Fluorinated quinolones (enrufloxacin i might be considered 

tor long term therapy in part because plasmid mediated 
rest stance has not vet been clinically demonstrated for 
these drugs (Neu. 1989: Power ct aL 1992- Wine and 
Grimm, 1991). Avoidance of subthcrapeuiic concentrations 
is paramount to artimicrobial success, and concentrations 
cun he minimised if dosing regimen* lake into account the 
effect* uf" host factors at the tissue site. 

Antfniii rohiul Selection 

Selection of the Most Appropriate Drug 

The number of antibiotics recommended for imtial ther¬ 
apy of pyoderma is proportional to the- number of papers 
published regarding therapy. Clinician preferences vary: 
and appropriately so, with experience \!though clinicians 
might no( agree on thev tirsi choice antimicrobial, how¬ 
ever, there is little disagreement regarding the target organ- 
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ism. Initial therapy should begin with an orally hinu variable 
drug effective against S. iturrtnfditix Ideally. the dosing 
interval should be 12 hours or longer to facilitate owner 
Compliance. Subsequent considerations regarding drug sc- 
lection vary with die severity of the disease. The more 
severe the disease, the greater the cane that must be taken 
wiih antibiotic selection. Tissue penetration should be in 
creasing I v predictable as the infection deepens. Detection 
and avoidance of re'll stance become increasingly important 
as flic duration of therapy and the risk of subtherapeutic 
drag concentrations at the site of infection increase. With 
few exceptions, adverse effects are not a common cause of 
therapeutic failure and as such, may not have a major 
impact on antimicrobial selection. Cost often has a major 
impact on selection. Client money can just as easily, how¬ 
ever, be spent on prolonged therapy with an inappropriate 
drug (or dosing regimen) as it can he on an appropriate 
drug (and dosing regimen). 

A number of drugs are indicated for initial therapy of 
pyoderma. Despite the relative susceptibility of 5. interme¬ 
dia* to (1-lactam untibiotics. p-litcyirnase resistance may be 

a concern. Hence* a non-lactam drag might be selected 
particularly for infections complicated by recurrence or 

previous antimicrobial therapy Appropriate drugs include 
potentiated sulfonamides fi.e., trimethopnm or ormeioprim 
sulfonamide combinationsx erythromycin* and Imcomycin 
(clindamycin and hneomycin perhaps being too expensive). 
Inc retiringly common reports of immune-mediated diseases 
such as keraiiris sicca or impaired thyroid homiotie secre¬ 
tion may decrease the use of potentiated sulfonamides, 

particularly at high doses and for long term therapy An 
advantage might, however be once a day therapy (sulfa- 
dimethoxinc/ofmetoprim). which has proved effective for 

some authors tlhrke. I99fia, b). Chloramphenicol may also 

be an effective first choice antibiotic, although concerns 

for human exposure to the ding may preclude its use 
Alternatively, many clinicians choose a fMaciam antibi¬ 
otic that tends to he more resistant io Stapitylttcoccus [3- 
lactamascs, Examples include arnoxicillin/clavuhnic acid 
and a first-generation cephalosporin such as cephalexin or 
cctadToxil. These three antibiotics tend io he equal in 
efficacy but differ in cost* with cephalexin probably being 
die most cost effective Amoxicilltn/cUvulanic acid may. 
however, be Jess likely to induce resistant bacteria at subin- 

hibitory concentrations (Ihrke. I996u, bj. Alternatively, p 

hicumuse resistort p-lactams such us oxacillin and dicioxa- 
cillin can be used for initial or long-term therapy, although 
expense may preclude their selection until initial therapy 
fails. 

Lor infections that do not respond (o initial therapy and 

become increasingly complicated a drag that targets both 
S mti'rtMdm* and gram-negative organisms should be se¬ 
lected, Because bactericidal concentrations at the site of 
infection arc desirable (Lloyd. i996), j drag that is likely 
to distribute to and through the inflammatory site is desk'* 
able. The use of fLlaefams should be reconsidered for 

infections associated with marked inflammatory debris or 

scarring because these drugs do not penetrate these harriers 
well (Neii, 1994). The flunnnafed quinolones, such as en- 
rofloxacin *w marho floxac in, are the drags of choke For 
complicated infections They are characterized by rapid 
bactericidal activity, and their spectrum include* both S . 


intermrdius and gram-negative organism* (Lloyd. 1996; 

Ihrke, 1996a, b). Absorption from the gastrointestinal tract 
is excellent after oral administration, and the drug distrib¬ 
utes very well to the skin (Vanculsem et al,. 1990). In- 
flommatofy debris and fibrous tissue should be traversed 

well with link impact on antimicrobial efficacy {Vancut- 
s cti et ai, 1990), Efficacy of the fluorinaied quinolones is 

maintained despite stow growth of organisms or low oxy¬ 
gen tension < We t z s i ei n. 1994. E nroflo % a c s n an d m a r - 
bofloxacin are accumulated in white blood cells (Tulkcns, 
1990; Caprile. 1988; Hawkins et al.* 1998) and is able to 

penetrate the Iipopolysaccharide covering of gram-negative 

organisms. Enrofloxacin is characterized by the lack of 
plasmid-mediated resistance to DNA gyrate in clinical pa¬ 
tients i although resistance may be conferred that decreases 
antimicrobial penetration clue to change* in poriit size). 
The drug is effective against most Psrudnmonas, although 
increasing resistance to this organism and to .V. auwus has 
been seen in humans (Power et al.. 1992 Witte and Grimm, 
1991) and in some veterinary practices. The use of fluori- 
nated quinolones other than those approved for veterinary 
use is discouraged for dogs and cals. Compared with en- 
rofloxacin, both ciprofloxacin and norfloxacin are charac 
ten zed by poorer oral htoa variability (60‘S: or less for 
ciprofloxacin and even less for norfloxacin). Although the 
dose of these drags might he increased to compensate 
tor difference* in absorption, the unpredictability of peak 

conccnlraliom h disconcerting for a drug whose efficacy 
depends on peak concentrations. In addition, ciprofloxacin 
(which often is reported in lieu of tnrofloxacin in labora¬ 
tories using human testing kits) is equipment to enroll oxa 
cin foe most organisms. Finally, enrofloxacin is metabolized 
in the liver to ciprofloxacin in both dogs and cate, thus 

contributing further to the anti microbial efficacy (Kung et 

al.. 1993) 

The use of aminoglycosides for treatment of compli¬ 
cated pyoderma should be limited to life-threatening condi¬ 
tion* associated with sepsis (e.g„ cellulitis) or to organisms 
with known ti.e., based on susceptibility data) resistance to 
enrofloxacin, The aminoglycoside* arc generally effective 
against Staphylococcus species and gram-negative organ- 

isms including Pseitdomnnm (Neu, 1994). Resistance is 
less likely, however, to develop against amikacin compared 
with gentamicin, particularly for Pseudomonas species. The 
aminoglycosides do not distribute well through inflamma¬ 
tory debns and fibrous tissue, are not effective against 
facultative aerobes (i.e.» in the presence of reduced oxygen 
tension), and they are not accumulated in white blood cells 
(Tulkcns, 1990). Hcncc, care must be taken lo ensure that 
an adequate dose is given,. Once daily administration is 
encouraged and combi nation antimicrobial therapy with a 
pdactam effective against the target organism should be 
strongly considered 

Designing u Dosing H egimrn 

Perhaps the most important, yet often overlooked, rea¬ 
son that bacterial pyoderma is difficult to resolve in dogs 
is use uf an inappropriate dosing regimen of an otherwise 

appropriate drug. Although the importance of culture and 

susceptibility testing for chronic, recurrent and deep pyo¬ 
derma cannot be denied, it Is critical to realize that the 

ma 
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in vitro Condi tiimi* do not and cannot mimic the itlteroettvi- 
mnmeru of the host, They also do not reflect the ability of 

the drug to reach the Mte of infection, including inside 

white Mood cells. The effects of underlying skin disease 
including changes in the patient's immune status (local or 
systemic) also cannot he taken into account by the in vitro 
system. Thus it is cnlicaJ that both the dose and interval 
of a dosing regimen be designed such that drug eonceiura- 
lions are maximized at ilte site of infection 

In general, the dose of an antibiotic should he as great 
as possible wbi’iii treating complicated pyoderma in order 
to ensure effective concentrations at the site of infection. 
Twite Ihe recommended dose ha* been suggested by some 

authors, and this is a reasonable starting point llhrke, 
19*Xia, h). Ibises, up to fourfold higher than recommended 
may be necessary for organisms whose MIC for the drug 
is dose 10 breakpoint or in the presence of factors that will 
decrease the movement or efficacy of antibiotic at the site 
of infection. Higher doses arc critical For concentration 
dependent drugs. The greater ‘he mllaiivmafory response at 
i he site, and Ihe deeper the infect ton* the more important 
l he need for increasing the dose If necessary, sc led ion of 
an antibiotic might be made with an emphasis on safety so 

that doses can be increased with minimal risk of side 

effects High tissue concentrations in relation to the MIC 
of the infecting organism arc particularly important to the 
antimicrobial efficacy of selected drugs, most notably the 
a m l nog l \ cos id e s and t he il no r i n ate d q u i n< done*. Ft .* r 
aminoglycosides \ and apparently fluorinalcd qui no tonics}, 
antimicrobial efficacy is enhanced in the presence of a 
high inhibitory quotient in part because of an enhanced 

postantihiotic effect. In addition, both aminoglycoside ef¬ 
ficacy and safely arc facilitated by a moderately long <Jrug- 
free period during a dosing interval. Thus, for aminoglyco 
sides, once daily administration of llic total daily recorn’ 
mended dose should he considered foi pyoderma. With the 

fluorinated qumolones. the dose should be likewise modi¬ 
fied to niaxiffli.se plasma Cant! thus tissue! drug concentra¬ 
tion; this is particularly important for organisms whose 
MIC approaches the breakpoint for enmfloradn (2:4 pig/ 
mLj. Once daily dosing with cmofloxacin ul a high dose 
(JO ing/kg) may ultimately become the generally recog' 
ruzed regimen for this drug lor complicated pyoderma, 

Tlie interval of drug administration is equally or more 
important than the peak drug concentration for other anti- 
miernh als, most notably the ^-lactams and "hacterio 
stabc " anlibiotics For these dregs, Ihe duration that the 
drug concentration at the site is above the MIC is more 

important to antimicmhial efficacy. Thus, for fidactarns, 
antimicrobial efficacy is likely U: lie more facilitated by a 
shorter dosing interval than by increasing the dose. For 

example, to improve Ihe efficacy of ainoxicillireckiuIonic 
acid, an fi-hour dosing interval should be used in lieu of 

12-hour intervals when treating problematic cases. Unfortu 
natcly, owner tompliancc is less likely with this regimen 
and may be a reason for considering an alternative class of 
drugs for treatment ol complicated pyodermas 

The route of drug administration might be considered 

foi complicated pyoderma, particularly that which is lift 

threatening The oral route of drug administration is obvi¬ 
ously most convenient, but several factors can minimize 
peak concentrations of antimicrobials in the plasma anti 


thus tissue. Food impacts the oral bioovai lability of some 

drugs. Because of this (and other reasons! urnpicillin and 
tetracyclines are not particularly good choices for treatment 

of pyoderma. Although fluorinated qu mcilones are 100br 
bioaval tabic, the rale of their abruption- can be slowed 
by food that may decrease peak plasma concentrations, 
Intravenous administration of any antibiotic available in IV 
form should be used for life-threatening infections or fur 
conditions for which peak tissue concentrations must be 
maximized. This difference may be important when dealing 
with ail organism with a high MIC, 

Duration of Therapy 

An insufficient duration of therapy is another common 
cause of therapeutic failure in ihe ireatrnent of pyoderma 
w ith an otherwise appropriate antibiotic, Recommendations 
vary with authors, although the consensus is dun the dura- 
lion of therapy for pyoderma increases with the severity of 

infection ilhrke, I99ria. by Ideally, therapy should extend 
7 to 21 days (depending on ihe severity of infection) after 
surface healing has occurred. Superficial infections should 
resolve within > to 4 weeks of antim cmbial therapy if the 
patient is immunologically normal Deep pyoderma or the 

presence of immune compromise requires at least 4 to b 

weeks of therapy. Treatment for 12 weeks or longer as not 

unusual. Evaluation by the clinician at 14-day intervals 

may be prudent, and reculture should be considered for 
infections for which resistance i> a concern.. Clinical evalu- 
alion should continue for several more weeks after therapy 
has been discontinued to ensure resolution. 

Several authors have suggested alternative dosing regi¬ 
mens for antibiotics foe patients whose disease will not 
resolve. These alternative dosing regimens include dosing 
once daily, every other day. or pulse dosing. Pulse dosing 
involves administration of a drug using full dosing regi 

mens either 2 days a week or every other week. With the 

every -other- week approach, if recurrence is prevented, the 
duration of the “ofl + week can 'be gradually increased. 
Intervals of greater than .4 weeks are, however, likely in 
result in recrudesoence Ilhrke. Wha. bk Conceivably, tlie 
risk of resistance should be increased if infecting microor¬ 
ganisms are exposed to in lei mi item concentrations of 
drugs. Clinically, however, this does not appear to happen. 
Two possible reasons can be offered. \ irst, the impact of 
prolonged antimicrobial therapy m normal skin microflora 

might be minimized by pulse dosing Second, pulse dosing 

at high [full) doses may be less likely to facilitate resistance 

than lower dure* on a continuous Hums Ensuring that 
concentrations of drug at the site of infection are mu 
subtheropeutic during the on weeks may minimize ihe risk 
of resistance. Compliance may be. tin issue with pulse 

dosing, and care must be taken io ensure that drug therapy 
is maintained. 

Adjuvant Therapy 

The importance of adjuvant therapy should not be over¬ 
looked in the treatment of pyoderma flhrke, 1996a, bk 
Adjuvant therapy may target ihe underlying skin disease or 
support antimicrobial therapy. Antihistamines and 3-omega 
fatty acids should be considered when appropriate in con- 
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j unction with uimumrobial the rapy i« control the inflam¬ 
matory response avwieiated with infection or Lhc underlying 

disease. Antimicrobial efficacy will be complicated b\ 
eoadminiMralion of drugs thin alter the immune response, 

Moq noiably, glucocorticoids should be avoided for pa- 

l tones with pyoderma Although these drugs effectively 
ameliorate the inflammatory response and are useful in 
cases ol pruritus leading to w I f- trauma, they also may 

hivilitaic the spread o| bacterial infection (Ihrke. J996a, bj. 

Other adjuvant therapies to be considered include immune- 

modubtor> therapy and topical antimicrobial therapy. Al¬ 
though immunomodulatory therapy (kvamisule and ciincli* 
dine) may pn.n e beneficial there is often a bimodal effect 

with these drugs: if lhc proper dose is not given, immuno 

suppression rather enhancement of the immune system may 
occur i 1 h rke. I 99ha. b >. 

Topical antimicrobial therapy can havc a notable bene¬ 
ficial impact on successful systemic antimicrobial therapy. 

Topical ami microbial therapy may be the only method of 

anti microbial administration needed to treat surface and 
some superficial pyodermas. Topical antimicrobial iherapy 
should be used as an adjuvant for superficial and deep 
pyodermas. Shampoos are prelerred because they remove 

debris that might impede drug movement or impact drug 

efficacy. In addition, the combined effect of a topical and 
systemic ami microbial may result in additive <«r synergistic 
antibacterial effects Although irritating with long-term use, 

products that contain ben/uyl peroxide tend to he the most 
efficacious in control I iog bacterial growth ami removing 
accumulated debris on the skin [Kwochka and Kowalski, 
1991» Products containing eh lorhex i dine, sulfur., trielosan 

and ethyl lactate are also acceptable. Shampoos should be 
uved twice weekly (Ihrkc* 19Mba, b). 

Miscellaneous Infections 

Dupsonc is an antibiotic that in hi bi is para-am i nobenzoic 
acid metabolism folit acid. Selected mycobacterial 
strains, mtwt notably lAvo huet* ri u {sprite or M. Irpnte- 
muriuith are exqm shively sensitive lu its effects. In addh 

lion, (he drug appears to be capable of some form, of 
mununomodulation and may prove beneficial in deep skin 
infections associated with a pyogranulomatous response for 
which no organism has been identified. Because of diffi¬ 
culty actuated with identify mg infectious organisms such 
us rinniu.i species and atypical mycobacterial organisms, 
however, use of dupsonc should be reserved umil a suscep¬ 
tible organism has been identified or other causes of in* 
ffiimmatovy skin disease have been ruled out. The drug has 
not been studied in animals, and in humans it is character¬ 
ized by marked differences in disposition, Hemolytic epi¬ 
sodes have been reported in humans; however generally 
these individuals are suffering from metabolic defects of 
red blood cells. Dapstww also is used to treat bites caused 
by brown recluse spiders in huitums. When administered 
within 48 hours of the bite* tissue necrosis is markedly 
decreased and wound healing is suhscqucnily foster; 

OTITIS EXTERNA 

Pathophysiology 

Inflammation of the ear canal and the proximal pinna 
affects up to 20T- of dogs, whereas fewer (up to 6% of) 


cats are affected (Royschuk and Lutlgcti. 1995), A number 
of causes can be identified in otitis externa, md their 
resolution is paramount k> successful therapy. These in¬ 
clude foreign bodies* allergies* parasites (e.g,* mites or 
doggers). skin disorders of a keralinistation or sebaceous 
origin, or an autoimmune disorder. Structural characterise 
tics of the ear also can predispose the animal to otitis 
externa, including pendulous ears* higher number of ceru¬ 
minous glands, the vertical and horizontal paths of the 
canal, hair in the ear canal, stenotic ear canals, or neoplasm, 
HnvtroruTKnta] factors also tan contribute to the difficulty 

in treating otitis externa* including external conditions that 

perpetuate excessive moisture (such as humidity and bath¬ 
ing) or heal or irritants (irritating medicaments or sham¬ 
poo s). The presence of yeast or bacteria that are port of the 
normal flora perpetuate the inflammatory process* and* with 
time, die inflammatory process itself wilt cause prolifera¬ 
tive changes that complicate therapy. One of the mote 
important predisposing factors to otitis externa is inappro¬ 
priate treatment including undertreatmeni and ovenreat- 

men! (Royschuk and Luttgen, 1995). 

Bacterid organisms found Ln normal ears include 5 
epidermis and 5, intermedius and Micrococcus species. 
Coliforms arc found only occasionally. Infection usually 
can be discriminated from colonization by the presence of 
large number's of organisms. Infection also is indicated by 
the presence of inflammation and phagocyuzcd bacteria. 
Inflammation reflect*, in pan, the breakdown of fatty mate¬ 
rials by organisms into irritating by-ptoducts. SUtphyloioc- 

cus intermeditts is the most common organism (309 to 
50%) associated with otitis externa, followed by E oerugh 
iimsh Proteus species* Srrrptococcus species. £ coli, and 
Corynehocterium species The infecting Cirg.iffl.isin also ap- 

pears to be tune dependent in that acute otitis is generally 

associated with Stophyiocttccus whereas chronic otitis (wore 
commonly involves Pseudomonas. In cats. Pas ten re Ua wuf- 

ratidu joins Staphylocoixus and Streptococcus os com- 
monly in feeling organisms; the col i forms and Pseudomo* 
nos arc less common causes, Maiassezia pachydrrmatin is 

an opportunistic yeast that occurs in up to 49% of normal 

dogs and 23% of normal cals The numbers increase in 
dogs with otitis* however, being prevent in. 80% or more 
of dogs. Although it is. likely that Matosxezitt contributes 

to otitis extern su its role is not clear. 

Antimicrobial and Adjuvant Options 

Because successful treatment of otitis externa critically 
dependent on proper cleaning* it is difficult to separate 
antimicrobial therapy from adjuvant therapy. The goals of 
therapy are to identify and resolve the primary factors* 
reduce inflammation* and control or eradicate infection. 
Sedation or anesthesia may be necessary for proper cleans¬ 
ing, Cleansing should remove irritating oils, waxes* Mid 
other debris that might serve as a nidus of infection by 
providing a microenvironment favorable to lhc growth of 
microorganisms. Ear cleaning should be less aggressive in 
the presence of severely swollen or proliferative canals: 

in mkIi patients, initial therapy might begin with anti* 
inflammatory doses of glucocorticoids ami antibiotics, both 
swstcnucally and topically, 
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Ceruininolytics contain various surface active agents 
or emulsifiers (dioctyl sodium sulfo&ucrieiaie carbamide 

peroxide, squalenc* propylene glycol* glycerin, oil) that 
dissolve wax accumulation and associated debris should be 
used as an initial flush Less "messy" water-soluble agents 
(dioctyl sodium sulfosuLvinaie. propylene glycoli are often 

preferred (Royschuk* 1994). 

Carbamide peroxide, a common ingrediem of human 

preparations bul seldom found m 1 elerirwry medicine, re¬ 
leases nascent oxygen* causing a babbling action itiM soft¬ 
ens and remov es debris. Combination products may contain 
drying agents such as isopropyl alcohol, silicone dioxide, 
and alpha hydroxy acids (lactic, malic, or salicylic acid! 
In addition to their drying effects these mala.tab may also 
have mild antimicrobial effects (RnyschuL 1994), Hushing 

solutions facilitate removal of debris. Although water and 
saline are the safest, some products contain germicidal 

products. Chlorhexidinc car be diluted in a 0 05% solution 
and used topically. Although ototoxicity should lead to 

cautious use in the presence of a perforated eardrum* one 

stud} failed to provide evidence of damage after 21 days 

of therapy in dogs with experimentally traumatized mem¬ 
branes (Rovschuk, 1994). Povidone-iodine at 0.1% to 1.0% 

’■ T 

can provide bactericidal actively in flushing solutions, al¬ 
though it can cause contact irritation. Because of ototoxi¬ 
city, solutions less than 0,5% are preferred if the eardrum 
t* ruptured. Iodine might also be administered as a polyhy- 
droxidine complex (Xenodine) It contains 0.5' ■: of limit- 

able iodine and as such is less irritating and provides a 
longer duration of activity. Efficacy against Pseudomonas 
has been established with this product. It must be used in 

an aqueous en v imnrtteni and as such should be used within 


2 hours alter cleaning to maximize its effects (Royschuk, 
1994). Acetic acid is a relatively inexpensive agent, avail¬ 
able as white or brown vinegar m a 5% solution, An tint* 
crobial effects occur because of direci damage as well as 
acidification of the local environment. The acidic pH may 
also facilitate removal of necrolic debris, /* rtuhtpumm 
succumbs lo a 2% solution within I tumult of contact 
(RoyschuL. 1994) whereas a 5% solution is effective 
against Staph* Un'occus. SlrvphHOi'cus. £, evli. and Pmtem. 

The preparation is irritating at. 1% to .1% concemratums. 
however* and inhibition of wound healing and ototoxicity 

may occur at concentrations of 2.5%. Dilutions of III, 
1:2* or 1:3 in water daily to every other day kmt been 
recommended. 

Topical products intended for treatment of otitis externa 
(Tables 10-5 and 10-6) generally contain various drugs 
intended lo target bacteria* yeast, ami inflammation. Anti¬ 
bacterial agents often include products that .Eire assoc iuled 

with severe systemic It)xicily when given orally or pared 

tcrally; topical administration generally is safe. Ototoxicity 
is. however, likely for many antimicrobial drugs when 
administered in the car canal, especially m the presence of 

n perforated f> mpanic membrane, Caution is recommended 
when any medicamenl is used in the presence of a perfora¬ 
ted eardrum, 

Exampk- of antibiciics used in otic preparations include 
the aminoglycosides gentamicin (0.3% i, tobramycin 
(0.3%), anti neomycin (0 53%) and the cell membrane 

active agents coil stir. 10.3% j and polymyxin B (5000 HJ/ 
mI i, Silver sulfadiazine (0.5%) is an ointment approved 

for humans for prevention or treatment of in feci ion in hum 

patients Its spectrum includes Pm n.kmamux species and 


Tahlt t0"5 Examples of Commercially Available Topics! Products Used for Treatmant of Otitis Externa 


Active Ingredient 


PibUhlI 

AnJtbtdtn&f 

Afrtifung&f 

Jbei-M§—tMMimrr 

(. n(tiij|>onn Otk" 

Pol; my on ft 


Hy^ocwi^iie 

Col> 

Me on vo i ii 

CoUfltin U.i’S 


Hy*ocoffi>ore 

[>mnu 4f 

Neomycin 

NIcwnyeLn 0.2 ? C J 

Ny-qjlin 

"i m I ■■ ■ i ' ucetofiKJc 0 1% 

Forte-Tiiftecal: 

Nunyci n 0 25 * 


HytiftKOrtsarie . . i -i O.i'V 

txnux in otic 

Poljflnyxitl 

Pmaioe penicillin G 

4 icmajT IC r i o.H 


llydriiciwrsso'ic sodhtfl] 

nodue 0.1 2 Vf- 

HeLaiorthjvivot; t-jlmie l) |^(- 

1 iqwt hlort 

Chluramphcnknl 


PrediiLH>leae 0 ]7S' 

Nuop«Jcf$ 

NnXi^ciii OJSft- 


UtinyftreJfjnc KeUile 0 1% 

OtK’ vi. H .11 

Pul;, my uni B 


HydruciMtiMHiE 1 [ X 

OtorttnA * 

Npwnyiin 

(a ntun it in U..' 1 # 

L k Lnniiiflle 

:^L I..0.. ■ ll.iS.", It- v.l .-.,1 l' 0 } *st 

hull U»Kf 

Neomycin 

Njrsttljn 

Tna/nci nolwif aerto iide (t.l 1 ? 

Tohnx ophiivsimic* 
Tresader m4 

robramjiitfi OJTf 
Ncumyctf) OJlft- 

Thiahcrklav^k 

|.jk*.«KMtet*ionc til"*: 


Vehicle ■"□ ih#r logrifdiants 


i 'i .■ i ' i. Htt. deetk acid. ■ ■:■ m 
uHaie 

Pol} clh\knc. n i> i I h»I. pci 

| ■ 11 T: - ■ - i, ■ 

Suvpcn^ii‘0 


thill ■gnKs'i.'ial.-v . gtacial KCHC wrrd 

w flier. nhannl al c ohol,. glycerin. 
pn^i)lr t K jfilyvrd 

M n.-iul i.ttJ. pet r datum ■ m n-iun). 

•i i. • I •• • - - - v.'lfik’junr 0 -1 

Vi t ,i'iiH. . l.-n.'l ii ■« ?>■■■ -1.11-■ 

mineral nil loiiiiinvnii 


\ > p i ■ 

PcM) elti v krw. mintra'I ml. gel 

(omlnkrlK) 

Glycerin. pmpyki*» y]yer4. water, 
ukithul 



1 -i i f« i n.ii i- 

’fScvnnd-ltK pndurl 

tFini line 
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Table 10—6k. Hamc^'uJe Otic Products or Modifications or 
CommercialIV Available Otic Products 


Dfwg 

AntjHHnbnl 

Anti 

iaininwtirf 


Ray tail 

Rmifloiafin 

22.7 nte/mL 

Stone 

Dilute |: i «p to 

1 25 in water, 
5 ( c JxMSt), 

ulLne Syjiotic 

Nimlmi 

Ch^whc udinc 

N • HIE 

riiluic M in 

m. 

diHL^Lohe 2 r r 


water 

Ssivadti :• 

Silver 

mji taJumne 

None 

Mn L:J wilh 
waler 

SY NOT 1C 

biwafloxac in * 

Fluocindunr 

Rcplj« 1 i- L f r 


22.7 irg. nl. 

i'|ili!;" 

-Vy 11 niir solution, 
with 1 ml, o? 
injectable 

prcpiimliijti 

Tm-hUTA 

Tn hEDTA 

NtMlf 

6 05 EDTA, 

12* 

Uomcttuminc 
■ 1 "j - r r- 1 -. Kflif 1. 

] L disiiDod 
waicr pH r i 
be .xljm-kij to 
$ with 
hyilrwhliit ic 
.l ■' t Autoclave 

XeniMhiw 

Nyli\ droKiditir 

1% 

None 

Dilute 1 ■ 5 with 

water 
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tts such might he considered as a “last ditch 1 ’ medicament 
ft>r TcfracUrty cases ol otitis externa. Tt k product may* 
however, cause skin irritation- Antifungal agents general!) 
urge! M, jjwhydermdtts and include the imidazoles clotri¬ 
mazole (Kir i, miconazole 1 1 %), and thiabendazole (1%) 

ami the polyene macro tides nystatin and amphotericin B. 

Among these, those containing thiabendazole might be 
considered lirst tine (Royschuk, 1994; Roysthuk and Lutt- 
ren, 1995) Antiinflammatories often are included in topi¬ 
cal o( ic s ol u i ion s.. E x a m pies t me l ude d i me r h y 1 s u I fox ide 
(609J j„ and glucocorticoids. Among the glucocorticoids in¬ 
cluded in otic preparations, fluocinoLonc (0,01%) may be 
the most potent (Royschuk* 1994k followed b> betamerhn 
sorte, dexamethasone, i&oflupredone, triamcinolone, and 
prednisolone. 

Dimethylsulfoxide also is included in some otic prepara¬ 
tions us a vehicle. Hie agent is very hygroscopic and as 
such i* an effective carrier agent for other drugs included in 
an otic preparation, in addition, dimcthylsulfoxide provides 
mijd antibacterial and antifungal actions. Other vehicles 
used to administer drugs useful For otic disorders include 

solutions. lotions, ointments, and other oil-hased products. 
Occlusive oils may be undesirable for exudative lesions. 
Ointments and oil-based products can, however, be used in 
cases of chronic otitis externa that are dry Generally, 
topical preparations should be applied twice daily 

A number of "home-made ' remedies have been recom¬ 
mended for treatment of otitis externa lsee Table 
For example, Iris-EDTA tathylcnediaminetetraaceik acid) 
is a topically applied buffer that contains a chelating agent 


(EDTA) that removes calcium and magnesium ions from 
the lipopolysaccharide covering of gram-negative organ 
isms and die cell wall of gram-negative and gram-positive 
organisms. Penetration of antibacterials subsequently is fa¬ 
cilitated. Treatment should be: limcdl such that microorgan¬ 
isms are exposed to Tm-EDTA before peak concentrations 
of antibiotics reach the she of infection. Direct addition of 

antibiotics such as gentamicin to the buffer solution is less 

desirable than pretreatment with Tris-EDTA, followed later 

by antibiotics. Drug interactions may decrease the efficacy 
of the aminoglycoside. In addition, maximum efficacy of 
the two antibiotics may require sufficient time tor Tris- 

EDTA to act on the cell wall. Tris-EDTA should be consid¬ 
ered in combination with other topical or systemic antimi¬ 
crobial* , 

( aution is recommended when making new preparations 
m modifying old preparations A number of drug interac¬ 
tions between drugs and their vehicles can inhibit (he 
efficacy of any of the drugs. In addition, drugs must be 
dissolved in order to be effective, and the addition of solid 
drugs (U. f as powders or trashed tablets) to ointment 
vehicles (e.g.,.* petrolatum jelly) is likely to yield an occlu¬ 
sive but minimally effective agent, Some acceptable modi¬ 
fications of commercially available products are noted in 

Table I (Mi. 

Systemic therapy is indicated for severe infections Glu¬ 
cocorticoids may be necessary for rapid control of inflam¬ 
mation regardless of the cause or duration of infection. 

General principles of glucocorticoid therapy should be fol¬ 
lowed (see Chapter 17). Likewise, systemic antibiotics may 
be indicated in combination with topical therapy. No data 
support selection of the same versus different but comple¬ 
mentary. antibiotics when both topical and systemic therapy 
are used. The advantage of using the same antibiotic top- 

caily as administered systemkally is increased likelihood 

of effective drag concentrations at (be site of infection. The 
advantages of combination therapy have been discussed 

previously (sec- Chapter S) and are particularly appealing 

for the treatment of chronic, minimally responsive otitis 
externa, The risk of insufficient concentration of either 
drug should, however, lead the clinician to maximize the 
dose of either drag. Oral antifungals, such as keiocon azole 
or itraconazole may be indicated for control of infection 

caused by Mtitameziti. 

Treatment of Specific Causes of Otitis 


Chronic Otitis 

Resolution of chronic or recurring otitis includes treatment 
of specific diseases of the ear that allow perpetuation of 

infection or inflammation. Culture and susceptibility data 
collected during cleansing of the ears under general anes¬ 
thesia should be the basis of antimicrobial selection. Thor¬ 
ough visual examination accompanied by cytologic exami 
nation can help identify other underlying causes. 

Acute Otitis Externa 

Although ultimately the car must be clean and dry, severe 

swelling or proliferation indicates less aggressive therapy 
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mill ally and the premia! need for glucocorticoid therapy 

(topical or systemic). Once swelling is decreased* cleaning 

will be more effective* Jf the tympanic membrane is intact, 

initial cleaning begins with an application of a cemmino- 

Ivtic. which can then be rinsed with water or an antimicro- 

" 

bial solution '■wch a* chkirhexidtrte, povidone or polyhy- 
druxidine iodine, or acetic acid. I! the tympanic membrane 
is ruptured, only water <>r saline should be used for cleans 

tog because many of the cleansing agents are ototoxic. 
Cleansing can be accomplished at home, although initial 
cleaning might be more thorough if performed under gen¬ 
eral anesthesia* particularly in intractable patients* For ears 
in which a large amount of debris has accumulated, re¬ 
moval of material may require alligator forceps through an 
otoscope and Hushing with either an open-ended tomcat 

catheter or a 3.5 to 5 French feeding lube and syringe or 
un in-house vacuum sj stem. Hair that might obstruct drain¬ 
age of the ear canal or facilitate collection of debris should 
be removed. 

Because otitis extern* tends to he associated with the 

same pathogens, regardless <rf the underlying cause topical 

medication applied after cleaning generally contains an 

antibiotic, antifungal, and glucocorticoid, Glucocorticoids 

decrease not only swelling and proliferation but also api y- 

crine and sebaceous secretions. Note that topical adminis¬ 
tration does not preclude suppression of the hypothalamic- 
pituit ary-adrenal axis, and the long-lerm use of these 

products should be avoided In the event of moderate to 
marked swelling nl Ihc ear canal and pinna, a short term 
of systemic glucocorticoids may be indicated. To minimi/e 
the risk of antibiotic resistance. products that contain com¬ 
monly used **first-line ‘ antibiotics and antifunguis directed 
toward MtilMxrzio might be chosen for acute (nonrecur¬ 
ring) otitis externa. Culture and susceptibility data are the 

best basis for selection of the most appropriate second-line 
antibiotic Jn the evem of moderate swelling of the ear- 

canal and pinna, topical antibiotic therapy probably should 
be accompanied by systemic therapy. Therapy for acute 
otitis externa should be followed through rechccks at 10- 

to 14-day intervals. Resolution generally requires 2 to 
4 weeks. 

Bodvriil Otitis 

The need for antimicrobial iherapy fot bacterial otitis ex¬ 
terna should he based on an increased number of bacterial 

organisms. The presence of inflammatory debris and intra¬ 
cellular organisms supports bacterial infection 4 **fi.rst- 
line” product containing neomycin or chloramphenicol 
might be appropriate. Severe inflammation may indicate 

the need for systemic antibiotic therapy. Among the more 

commonly selected systemic antibiotics are amoxicillin^ 
clavulanic acid, a fluor mated quinolone* or a first-genera¬ 
tion cephalosporin tRoyschuk, 1994). Failure to respond to 
“ first-line L+ medicaments may indicate I he need for culture. 
Some authors recommend discontinuing anti microbial ther¬ 
apy for 3 to 5 days before culture; however, the presence 
of bacteria in the face of antibiotics should lead to growth 

regardless of the presence of antibiotics. Otic preparaiiims 
containing gentamicin or tobramycin might represent the 
second line of medteamenh for infections resistant to neo¬ 
mycin or chloramphenicol. 


Otitis caused by PseadcmuMUis can be among the more 

frustrating syndromes to treat and often is the incentive 

behind the formation of home made otic products. Flushing 
with an acetic acid-based solution h indicated. Commer¬ 
cially available otic products have been modi fled by the 

iiddilion of drugs effective against R mtummxa (amikacin* 
en r ofloxacin, polymyxin B, «r colinim sulfate) or the addi- 
lion of anti inflammatory drugs. Several alternatives can 
be considered for refractory Enrufloxacin has been 

added to commercially available otic solutions, bui it also 
is ihc oral antibiotic at choice. The maximum end of 
the dosing regimen should be considered when treating a 
refractory case of Pseudomonas -induced otitis externa (i.e.. 
2(1 mg/kg once daily i Other products to be used in rcstetant 

case's include silver sulfadiazine, Xenodine, and chlorhexi- 
dine (1J%). 

Moimsezm par hydrrrnatis 

Xfaiaxsrzvt parhytfermatfo is an opportunistic organism 

that sn large numbers, causes proliferatory changes in the 

ear. Els. presence may contribute to bacterial otitis, and thus 

its control may be important to the treatment of otitis. 

Because control of inflammation may be paramount to 

controlling infection by Malax u :ki glucocorticoids Mich 
as those provided in otic preparation! may be indicated 
Ketoconazole appears to be among the most efficacious. 

followed by miconazole* nystatin* clolrimazok , and am¬ 
photericin B (Royschuk* 1*394). Thiabendazole Uhe active 
antifungal in FRESADERM), however, may he sufficiently 
effective, allowing other anti fungal s to he reserved for 
resistant cases. Routinely used cleaning and drying solu¬ 
tions should be used on a daily to ultcntate-day basis to 
facilitate control 

Ear mites generally occur in young animals, and their 
presence is determined by direct examination, Carbary! and 

pyrethri n-based products should be used for nr least a V 
week cycle to ensure killing of adults and imitiaiure mires. 
Products containing thiabendazole should be selected be¬ 
cause the product probably kills all stages of mites, includ¬ 
ing eggs. Polybydroxidine iodine may also be effective 
when administered once weekly for 4 weeks. Grade *.tex 
can be Treated with ivermectin given orally once a week 
for 4 weeks or subcutaneously every 10 to 14 days. With 
severe infestations, ivermectin should be combined with 
other topical miucidcx, Because other portions of the body 
may harbor mites that infest the ear, affected animals 
should be dipped. 

Seborrheic otitis ur ceruminous otitis usually accompan¬ 
ies endoerinopalfiies. Secondary bacterial and Moiasjezia 

infections are not uncommon with this disorder. The first - 

line medications should be effective for management of 

most cases, but longer term management may require a 

l omhination of cleansing/drying/glucocorticoid products 

applied one to three times weekly. Cocker spaniels and 
other breeds occasionally develop what appears to be a 
local hypersensitivity to cerumen, resulting in a progres¬ 
sively inflammatory, proliferative disease that ultimately 
may result in calcification of auricular cartilages. Control 

of inflammation initially may require oral glucocorticoids 
accompanied hy topical application of a potent fe.g., dexa- 
melha-MHte or IIuocinnlonei glucocorticoid. Topical antimi- 
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c rubra 4 (antibacterial and antifungal} probably arc also 
indicated; systemic antibiotic therapy may also be necev 
•••ary, Ilk' cars should be frequently flushed with eLearning 
and drying agents. Fur some animals, long derm, low-dose 
glucocorticoid Iherapy may be necessary. 

Sv iritrner t ear generally occurs because frequent switiv 

mmg encourages low-grade inflammation and subsequent 

maceration. tars should be kept clean and dry. topical 

anli-inflammatory therapy may be necessary and, in: Mime 
ew'wev. topical antimicrobial therapy. Products should be 
used cun the day of swimming and for several days after. 


INFECTIONS OF THE GASTROINTESTINAL 

TRACT 


On! Cavity 


Use of culture and susceptibility data as a bas is for antimi¬ 
crobial selection .in the imnilh is complicated by normal 

polymicrobial anaerobic growth. Culture of a relatively 
pun;* growth may indicate the organism a?* the cause of 
mfctritm. Representative cultures should be obtained from 
infections in deeper, isolated tissues (^uch as abscessation 
<ir osteomyelitis). Care should be taken in collection of the 
anaerobes; these organisms can be exquisitely sensitive to 

oxygen, Because infections are likely to involve anaerobic 
organisms, drugs dial target anaerobes and distribute welt 

to the mucosa and, if indicated, bone, should be selected. 

Examples include clindamycin* the am inopen id) tins, in¬ 
cluding anroxic i I Li n/cln vu I ank* acid combinations, and met 
Tomdo/olc Among these drugs, clindamycin has proved 

the most effective in penelraling the glycocalyx and. other 

material sen ing as a barrier to antimicrobial penetration in 

ihe presence of plaque. Metronidazole-fluoridated qttino- 
lone combinations (e.g,, ciprofloxacin |humans) or en- 

rofloxacin) have been sltown to act synergistic ally in the 
treatment of peridontilis. Anaerobic organisms* including 
Hocfemktf* species, produce (Mactamases and as such 
clavulantc acid combinations should he considered for 


more complicated or serious infections, The role of gram- 
negative organisms in causing infections should nol be 
ignored even in Ihe presence of ibftCessatiun, 

Prophylactic antibiotic use is commonplace for dental 
procedures bat not warranted for healthy animals (West- 
Hyde arid. Floyd, IW5>. The duration of antibiotic therapy 

before the procedure depends on the intent of prophylaxis. 
Protection of the patient predisposed to endocarditis during 
the procedure is particularly important. A tingle dose of 
antibiotics timed such that peak plasma concentrations oc¬ 
cur as the dental procedure is begun may be sufficient for 
most animal Ft if an orally administered drug, the time of 
adminLstrntion should approximate the time to peak tissue 
concentrations, which is generally I lo 2 hours after admin¬ 
istration For intravenous I > administered drugs, drug con 

central!<>ns; will not he highest at the tissue siie until distri¬ 
bution has occurred, generally ?(> to fit) minutes after 
administration. ll the intent of prophylactic therapy is Hi 
decrease the bacterial load of the oral eav ity before Ihe 
procedure. then the drug should he administered several 
days before the procedure. Because the oral cavity contains 
:i large population of normal organisms, prophylaxis for 


surgical procedures involving the oral cav ity often has been 
extended to ss week or longer before or after the procedure, 
A novel drug delivery system has recently been designed 

for treatment of periodontal disease its dogs, Doxycyelinc, 

characterized by * broad antimicrobial spectrum* is 'pre¬ 
pared in a vehicle that is injected into the periodontal 
pocket after dentistry, The moist environment causes the 
vehicle to gel, resulting in a slow-release drug delivery 

system, In clinical trials associated with Food and Drug 
Administration approval* animals receiving the drug after 
dental work improved mure rapidly than animals treated 
with d placebo. The cleaning procedure itself, however, 

appeared to be the more important means of improving the 
health of the local environroeni. 

Antiseptic agents can prove beneficial in home care 

dentistry (Wcsl-Hydc and Floyd, iWSl ChlorhcxidirK ri 
consridered one of (he most efficacious products and is 
radicated far patients with periodontal disease It it avail¬ 
able in several 12% preparations: an oral acetate rinse 
f Nov aide tit, Fan Dodge); a more palatable gluconate solu¬ 
tion tCHX Oral Cleansing Solution. VR, Productsk or a 

gluconate gel. In addition lo having an immediate bacteri 
ridal effect, chloritesidine adsorbs to die tooth pellicle. 

which serves as a reservoir, allowing continuous release 

of chi orhex idi ne. Cfilorhexidi ne has caused toxicity when 

applied as a disinfectant in catteries fallowing grooming 

by the cats. Although there ae« no reports oi chi orhex idine 
toxicity when used for pet iodomal disease in cats, research 

has, focused primarily in beagle doge, and caution may be 
indicated when this product is used for eats. Fluoride- 

containing products should be used cautiously because 

dogs appear to be more susceptible than other species to 

acute toxicosis. 



Primary infections of ihe upper gastrointestinal tract are 
unusual. Thus* treatment of infections generally includes 
resolution of the underlying cause (Twedt* 1995), 


Megaesophagus 

Regardless of the cause of megucsophagus, aspiration 
pneumoni a i s a sci ions pole nl i ally 1 ife ■ tin eaten i ng c< impl i- 
cation. The continuous use of antibiotics for prevention 
of pneumonia in cases of unrcsolv able megoesophagus is 
controversial and probably not indicated unless continuous 

bacterial infection has been documented The inflammatory 
response of aspiration pneumonia is likely to be induced 

by chemicals (including hydrochloric acid) or foreign bod¬ 
ies. flic Treatment of pneumonia was discussed earlier 

Stomach 

Vomiting originates from many central <tod peripheral 

causes, including acute gastritis Acute gastritis, in turn, 
lias many causes ami is most likely to respond when the 
underlying cause is resolved, which generally occurs in l 
to 5 days. Bacteria as, a cause of vomiting are unlikely, 
and antimicrobial therapy rarely is indicated. Therapy is 
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zm 


supportive, inc 



fluid* and appropriate additive* (e,g.. 


potassium if vomiting is profuse) and amicmetics. 

The normal flora of the stomach of dogs consists of 


large spiral bacteria, i 
lard, 1995). Spiral 



Helicobacter species (Wj|- 

and a non pathogenic c 




organism occur in the feline stomach. The role of 

spiral organisms (most notably Helicobacter species) in 
gastrointestinal diseases in dogs and cals is currently being 
investigated, but it is likely that these organisms will be 
come the largei of drug therapy in the medical management 
of several diseases. Numbers of bacteria in the gastrointes¬ 
tinal tract gradually increase distal I y lo the ileocecal valve 
(Greene. 1990). Numbers of bacteria abnormally increase 
when normal bowel defenses are impaired. Several mecha¬ 
nisms exist to protect the normal gastrointestinal tract from 
infection. Among the most imponanE are gastric and bile 
acids, which limit the concentration of bacteria 
over 99.9 r v of ingested coliform bacteria are killed at a pH 
of less than 4 within 30 minutes. In contrast, no reduction 




of bacteria occurs in the stomach in the presence of achlor¬ 
hydria (Guerrant < 1995), Among the reasons that Hclico- 

bactrr pylori has been recognized for its pathogenicity in 
the cause of human gastrointestinal disorders is its ability 

to alter the gastrointestinal pH and thus increase host sus¬ 
ceptibility to other infections (Geemint. 1995). Drugs that 
contribute to bacterial overgrowth include anti sec re lory 
drugs and antacid*. Mucus and mucosal tissue integrity 
provide physical harriers and help clear bacteria from the 

upper and small bowel (Guerrant, 1995). 


Smalt and Large Intestines 


Normal Control Mechanisms 

intestinal Motility 

Intestinal motility has several roles in the prevention of 
gastrointestinal bacterial infection. Gastrointestinal motility 
and diarrhea help removed offending pathogens from the 
gastrointestinal tract, not unlike the cough reflex does its 
the respiratory tract Bowel stasis increases ihe risk of 
bacterial overgrowth in the small intestine and the added 
risk of inflammatory bowel disease. Antimotility drug* 
(e.g. f opioids) increase the risk of overgrowth (GuerranU 

1995); in contrast, the use of proIdnetic drugs may be 

beneficial if decreased motility is a factor in the develop¬ 
ment of diarrhea. Obstruction or stasis of intestinal or 
bile flow and decreased mucosal blood flow contribute to 
bacterial infections in the intestinal tract (Greene, 



Normal Microjloro 

Microflora is established at 2 to 3 weeks of life. The 
population remains siuhle under normal conditions bin doe* 
vary among species. The high-meat diet of carnivores sup¬ 
ports a predominant population of streptococci and Cfox- 
t rid turn perfrm$tns while suppressing Lactobacillus 

i Greene, 1990). Anaerobe* comprise the majority ofiniesti- 
nal microflora, outnumbering aerobic organism* by 10-fold 
to 1000-fold (Greene, 1990); in humans, 99.9% of enteric 

microbes arc anaerobic. Aerobic gram-negative conforms 

in humans include E atfi, KUhsietta. Pmttus, and entero¬ 



cocci (Guerrant. 1995). The normal micro flora is important 
to the control of infecting microorganisms in the gastroin- 
leMinal tract. Normal floral bacteria compete for av 

nutrients, mam fain redo* potentials, and produce anti bacte¬ 
rial compounds that prevent colonization by infecting or¬ 
ganisms. Normal flora also have a number of physiologic 
functions. Micrulloru produce volatile fatty acids and vita¬ 
mins as well as metabolize bile acids and some drugs. 
Indigenous (anaerobic) microbes attach to the intestinal 
epithelial surface and act synergistically with host immune 

mechanisms to interfere with experimental Salmonella in¬ 
fections (Guenrant. 1995). Grain-negative aerobes such as 
Prvteus, Enter*/barter, and E. coli act m concert with host 

immune mechanisms to prevent infection with VT brio spe¬ 
cies. 


In ihe presence ot diarrhea, anaerobic numbers decline 
because the organisms require stasis and a low oxygen 

potential. In the presence of antimicrobials, the loss of 
normal microflora in humans can shift the balance of bacte¬ 


ria to grain negative aerobes and replacement of anaerobes 
with organisms such as Pseudomonas, Klebsiella, anaer¬ 
obes such as Clostridium, and yeast [Candida) (Guerrant. 

W5|, Diarrhea associated with antibiotic use has long 

been associated with disruption in ihe balance of normal 

microflora in p;ui due to the loss of toxic product* produced 

by normal microflora. Tlie number of organisms le.g.. 
Salmonella) needed to cause infection is markedly reduced 
after administration of a single dose of sc lee led antibiotics 
(e g., for Salmonella* streptomy cin ). Resistance lo infection 
can he restored with a relum of the normal enteric flora (in 
humans, especially Bactervidr *>, Outbreaks of gastrointes¬ 
tinal infections in people, particularly with Satimmella. cm 
be associated w ith antimicrobial exposure (Guerranl, 1995). 


Host Immunity 

Host intestinal immunity play* an important role in the 
prevention of gastrointestinal infection. The intestine is 
normally in a slate of physiologic inflammation due to the 
presence of neutrophils, macrophages, plasma cells, and 
lymphocyte* The loss of neutrophils and Ihen phagocytic 
capability result* in an increased susceptibility to grain- 
negative (rtid) infections originating in the gastrointestinal 
tract (Guerrant, 1995). Secretory IgA is resistant to intra¬ 
luminal degradation and as such provides an important 
source of local immune protection. The intestinal antibod¬ 
ies are directed toward a variety of bacterial antigens, 
including endotoxin, capsular material, ami exotoxin*, In 
addition, they may have bactericidal! opsonic, or neutraliz¬ 
ing effects on bacteria (Guerrant, 1995k In the nursing 
animal, several compounds produced hy ihe mother arc 

important. In humans, breast milk contains lactofcmn, ly* 
sosomc, phagocytic activity, oligosaccharide fractions, and 

other male rials that afford protection to the newborn. 


Factors Facilitating Infection 


A number of microbial factors facilitate gastrointestinal 


infection. Fuel ore that determine bacteria] virulence and 


pathogenicity are well represented by E. colt and include 
production of eniemtoxins; the capacity to invade; induc¬ 
tion of hemorrhagic colitis; and expression of adherence 
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ami etucrt ►aggregation (Guemint, 1995). Production of en- 
tcroumns (defined us having a direct effect m intestinal 
mucoM such that fluid secretion increases! by organisms 

such as Stfiphytotocrui, C prrfringcm r Bacteroides. and 
t'. colt) can result in disruption of fluid fluxes across the 

intestinal mucosa. The organisms producing enterotoxinx 
generally are pan of the normal microflora hut, in the 
presence of predisposing factors (e,g,* garbage enteritis 

bacterial stasis, bacterial overgrowth), proliferate in the 

a mall intestine. Noninvasivc organisms can induce diarrhea 
by actions of exotosins that stimulate adeny I cyclase and 
subsequently sidium, chloride* and water secretion into the 
intestinal lumen. Cyiotoxms produced by several pathogen* 
cause mucosal destruction and a subsequent mftotnmainry 
respoose (Greene, 1990; Guerram, 1995 Some organisms 
i $> dim me I hi* particularly in the ileum and SmpUn: are 

capable of causing much sal invasion, resulting in hemor¬ 
rhagic feces. Enterohemorrh&gic £* toll produces cytoiox- 
ins. and the emerotoxin produced by Chsimimm prr- 
fritigt'fix also causes cytotoxicity. 1 he pathogenesis of 

i ampytobuctfr Jejuni and Hrticoboiier pylon infections 
also has been attributed to cytotoxiits (Guerram. 1995 k 

Adherence factors contribute to the ability of organisms 
U* colonize the intestinal epithelium and cause infection. 
Adherence antigens generally arc fimhrial in nature but arc 
distinct from those responsible for urinary adherence, A 
number of distinctly different adhesms have been described 
for enteric microorganisms, invasiveness as represented by 
Sbp \\a and selected strains of £ <oii results in the de¬ 
struction of epithelial cells and superficial inflammation. 
The degree of invasiveness depends on the protein to 
which the organism is bound and may also depend on the 
production of cytotoxic exotoxins (Guerram, 1995). Newer 
antimicrobial agents may target the adherence of toxins* 
acting to prevent their synthesis or antagonizing their ef¬ 
fects and thus blocking the ability of the microbe to infect. 
Drugs aEo may minimise the action* of entcratoxin.s Other 
virulence factors that facilitate infection in the gastroiniesli- 
nul tract include motility, chemutaxis, and production of 

mucinase I Guerrant, 1995). The ability of H. pylvri i<> alter 
gastric acidity has already been mentioned. 


Treatment of bacterial Diarrhea 

The role of bacteria in causing diarrhea and the treatment 
of these causative organisms also is discussed in Chapter 
27, Several diarrheal syndromes have been described in 
small animals iGreene. 1 990 1 . Neonatal colibaciliosis oc¬ 
curs in dogs and cats. Puppies are generally only a week 
old. but diarrhea can persist in older puppies. Factors 

contributing to infection with E tali include immunologic 
incompetenty (including failure of passive transfer), imma- 

lurily of intestinal epithelial cells (ncnselectively perme¬ 
able) for the first 2 to 3 days of life, and exposure lo E, 

coli in colostrum. The syndrome of bacterial overgrowth is 
a cause of chronic or recurrent diarrhea German shepherds 
appear to be predisposed. Increased numbers (more than 
lOVml > of coir and enterococci (considered normal 
floraJ and selected anaerobes le g . Clostridium species) are 
increased in duodenal secretions of affected dogs, I nderly- 
ing factors are rtot well described but include motility 
disorders, hypochlorhydria. and deficiency of secretory an¬ 


tibody (IgA). Animals generally respond to antimicrobial 
therapy. 

Adjuvant Therapy 

The importance of fluid therapy for patients with diarrhea 

induced, by bacterial infections should not be overlooked. 

The composition of electrolyte losses in severe diarrhea is 
similar to that of serum* and both IV and ore! re hydration 

therapy should reflect this composition. Absorption of oral 

solution* depends on the intact intestinal mucosa. Sodium 
and glucose should fro present in equimolar conocniratioiis; 
amino acids (eg., glycine) might be added in veterinary 
preparations to facilitate electrolyte absorption (Greene, 
1990). In humans* an oral recipe is recommended to con¬ 
tain 3,5 g Nad. 2.5 g NaHCO,. 1,5 g KC.T, and 20 g 
glucose (dextrose) pet Luci of boiled water (Guerrant, 
1995 k 



BACTEREMIA 


Infective Bacterial Endocarditis 

Causative organisms of infectious endocarditis (IE) are not 

limited to bacteria but include Chlamydia. Mycoplasma. 

fungi* and viruses. Because more is known about bacter¬ 
emia caused by bacteria, ii serves as the basis of discussion 
here. Regard levs of the type of infecting organisms the 
events that allow development of IE arc probably the same. 
Infective endocarditis includes infection and colonization 
of the endocardial and adjacent surfaces of the cardiac 
valves, their supportive structures, and the wall of (he 
heart The incidence in dogs and cats appears to be low 

[(MWj: to o to;- based on necropsy findings) (O'Grady. 

19m 

The incubation period of IE—the time between the 

bacieremic event and the onset of clinical symptoms— may 
be up to 2 weeks. Historically* IE has been classified in 
humans based on ihe progression of untreated disease. 
Acute disease j*. characterized by a fulminant course of 
events, characterized by high fever* evidence of systemic 
involvement, leukocytosis, and death generally within a 

couple of days (taking os long a* several weeks). Subacute 
(death in 6 to 12 weeks) and chronic (greater than 12 
weeks | IE are characterized by a slower course character 

ized by low-grade fever and vague clinical signs (Sbeld 

and Sande, 19951. 

Path i physiology 
\1kmhmi Factors 

Several independent events lead lo the development of 

IE (Sbeld and Sonde, 1995 k The endothelial surface of the 
valve first must be altered (eg., by blood turbulence in¬ 
duced by valvular insufficiency) such that bacteria can 
adhere to and colonize it. Initially, the damaged surface 

induces the deposition of platelets and fibrin, forming a 
nonbacterial thrombotic endocarditis. Organisms with the 
ability to adhere to platelets or fibrin have Ihe advantage 
of inducing disease with a smaller inoculum. Bacterial 
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adhesion to the thrombus forming on the damaged valvular 
surface: is critical to the initial stages of Ifc. The thrombus 
provides a protective environment for bacterial growth in 
that phagocytic and other host defenses are impaired below 
the surface (SheId arid Sandr, 1995). This thrombus pro¬ 
vides a surface for bacterial adherence and colonization. 


Organisms particularly capable of adherence include S. 
aurat.% S. aptdi runs, and jR ra Coloni zat ion is 

followed rapidly by the formation of a protective sheath of 
fibrin and platelets, which facilitates bacterial multiplica¬ 
tion and vegetative growth. Transient bacteremia such as 
might occur during dental, gastrointestinal, or urogenital 
procedures can lead to colonization of a thrombus that has 
formed on a previously damaged valve Infecting organ¬ 
isms lend It's be *‘rKMipathogenk“ organisms associated 

with the mucosal surface (c.g., Pmpionihacteriutn tu nes. 
A< tiJiorn\*'?\. $. epiJi rmidis) itf organisms that arc resistant 
to complement mediated bactericidal activity (e g., E. colt 
P. aeruginosa, Scrratia marresetns). Within genera of hac 
leria. differences in the ability of strains to cause infection 
also might be related to their lack ol cncapsulaUon (thus 
allow mg adherence 1 Dcxlran, a complex polysaccharide 
produced by some organisms te.g., Slrcptocm ■ 'w i is an 
example of art extracellular molecule that may facilitate 
bacterial adhesion to the valvular surface. Some organisms 


are able to directly bind to endothelial surfaces;, indeed, 

endothelial cells may initially ingest some organisms fe.g., 
S aurnts l as the initial event. Some organisms arc potent 
stimulators of platelet aggregation (e.g.. Staphyhef h t u j 
and StFFpttH'fvru'i ipecies), thu* facilitating growth of the 
vegetative lesion as well as formation of thrombi in sys¬ 
temic circulation (Sheld and Sande. 1995). 


Host Fact on 

Host defenses can both impair and facilitate the forma¬ 
tion of the vegetative lesion. Although humoral antibodies 
should decrease tile numbers of circulating bacteria, they 
also may facilitate bacterial invasion by stimulating' agglu- 
tiruilion Constant antigenic challenge results in the forma¬ 
tion of circulating antibodies. Rheumatoid factors (amrilgG 
IgM antibodyxi develop in MHS of human patients within 

A weeks of developing IE. Antinuclear antibodies also ore 
formed. Circulating immune complexes are more likely 
with long illnesses. Although antibodies may provide some 
protection, they also may contribute to the development 
of glomerulonephmis, musculoskeletal abnormalities, and 
low-grade fever. Interestingly, platelets pro 1 , ide the host 
with sonic defenses during the course of IE. Low-molecu¬ 
lar-weight cationic proteins (throtnbodcfcnsiiK or PMPi 

arc released fallowing exposure of (be platelet io thrombin. 

These appear io damage the bacterial cell membrane oi 

wall and may act synerglatently with select antimicrobials 
to cause bactericidal effects. Organisms resistant to PMP 
may be more likely to contribute to the pathophysiology 

of \h iShcld and Sande, 1995l. 

CompUcaliota of Infectious Endocarditis 

Complication!! of IE that may require medical manage¬ 
ment develop in several organs In humans, myocardial 
abscesses are found in 20^ of cases au tops led, generally 


as a result of acute staphy loeucc oi endocarditis. Embolism 
is Common, most commonly occurring in the splenic, renal. 

heart (coronary), or cerebral circulation. The kidney is 

often an organ afflicted in patients with IE because of septic 

embolizaLion (with or without abscessation), infarction, or 

gJorncruUmcphriu*. Cerebral emboli occur in }}% of hu¬ 
man cases of IE, leading to ariernix, abscessatioo, and 
infarction. Splenic abscesses, although potentially common, 

may not be clinically evident. Petcchiac may indicate arte¬ 
ritis of the vascular supply of the skin or immune complex 

deposition (Sheldl and San.dc". 1995). 

A ntlm krobial Own* py 

1 >espite the low incidence or therapeutic success, venous 
blood culture h probably the most important diagnostic 
tool for IE. Multiple blood cullurcs tat least three are 
recommended in the first 24 hours for human palicnis) arc 

more likely to yield a positive result. Bacterial counts in 
blood are generally low and growth can be slow. Cultures 
should he held 3 weeks. Newer technologic? may include 
methods that detect bacterial cell constituent*. 

Empirical therapy should begin after cultures have been 
collected. In human patients. %taph\!m m-rm and Strcpto- 
*oiTus species are among the most common causes of IE, 
In dogs. S- anrrm. E- *yt h, and 0-hemolyiic streptococci 
are the most commonly isolated f O'Grady, 1 995). Artimt 

crohial selection should be broadly based, however, tor 
geting gram-negative as well as gram-posit.ve organisms. 

Anaerobic organisms also should he included in the spec- 
trum, The same approach is radicated fur culture-negative 
IB Drug distribution is less of a concern for IE, thus 

minimizing the need for lipid-soluble drugs. An exception 

must be made if bacterial embolization of organs te.g., 

spleen, brain, or kidneys) has occurred or if the original 

source of infection remains a potential source of continuing 

injection. Antimicrobials should be based secondly on ef¬ 
ficacy in the presence of potential immune suppression. 
Bactericidal concentrations should be achieved in blood or 
I issues, indicating intravenous therapy. Consideration 
should he given to release of endotoxin Combi nation ther¬ 
apy should he considered nm only io enhance the spectrum 
ol a single antimicrobial but aha to enhance efficacy, 
[iri Lactams should be considered Iieiau.se of their broad 
spectrum ax well as their ability to increase antimicrobial 

delivery into bacteria. Imipenem stands nut among the 

lactams for its minimal release of endotoxin. Likewise, 
the fluorinated ([Uinokmes and the aminoglycosides cause 
minimal release of endotoxin. 


Peritonitis and Other Infra-abdominal 



Pnlhophyrialogy 

Infection of the abdomen includes infections of the perito¬ 
neal space, retroperitoneal space, and the viscera, including 
the liver, pancreas, spleen, and kidney (Levison and Bush, 
1996), In veterinary medicine, peritonitis is most com¬ 
monly secondary to an inira-ahdomirud infection. Bacter¬ 
emia is a common finding in infections associated with 
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uerohu organisms but less common i! infection involves 
anaerobes. Bacteria cm access the peritoneal cavity directly 
via transmuml migration. through the (damagedi intestinal 
wall, or through other intra-abdominal abscess. In patients 
with liver disease, organisms that might otherwise be re« 
moved from portal circulation can access the peritoneum 
through lymph or blood fever, abdominal pain, nausea* 
vomiting, ami diarrhea arc common clinical signs associ¬ 
ated with peritonitis, Analysis of peritoneal fluid collected 
by paracentesis should provide the basis of diagnosis and 

the need for surgical intervention. Surgical correction is 

indicated for both diagnostic and therapeutic Intervention, 
Peritoneal fluid can also pros ide a basis for initial untimi 
crobial therapy as well as culture and susceptibility data. 

Fhe call'•arise organisms of peritonitis arc likely to vary 
wiih the source, each organ is characterized by its own 
natural flora. Gastric flora is variable, depending on the 
state of hydrochloric acid secretion, but can include flora 

f rom ihc oral cav it) The licit a of the small intestine is 
also variable* but, in the presence ot disease (including 
achlorhydria), the number of organisms also increases. 
Large bowel organisms eon be present in small bowel 
obstructions, stasis, and so forth. Escherichia coti, micro 
cocci, and anaerobes (e,g.. Httaemtdes. Puanbactfrinm. 
Pept(H'fH'm.s) are among the likely causative organisms. 
The primary flora of the large bowel are anaerobic. 

Peneiralion of organisms into the peritoneal cavity gen¬ 
erally is insufficient fur the development of peritonitis 
Chemical damage such as that associated with bile pcritonE 
lis may cause necrosis that increases the severity of perito¬ 
nitis, The presence of free hemoglobin in the peritoneal 
cavity contributes to peritoneal infection, perhaps by pro¬ 
viding iron required for bacterial metabolism, Intraperito- 
neal fluid ami librin increase she inflammatory response to 
microbial organisms, pi hem may serve to trap organisms, 

yet allow abscess formation. In addition, it causes abdomi¬ 
nal organisms to adhere u> one another. Bacteria produce a 
number of substances that contribute to the pathophysiol¬ 
ogy of peritonitis. Bndotoxin concentrations increase rap¬ 
idly in the presence of peritonitis: aerobic organisms pos¬ 
ses* more endotoxin wiih greater biologic activity than 
anaerobic organisms. Anaerobic organisms, however, pro¬ 
duce collagenases and proteolytic and other enzymes. In 

addition, anaerobes may be more resistant to granulocyte 
killing mechanisms (Lcvison and Bush, l‘Wo.. 

The minium of organisms may contribute to (he pallid 

physiology of infection and may increase (synergisticallyf 

the pathogenicity of infection. On the other hand, faculta¬ 
tive organisms may facilitate the growth of anaerobic or¬ 
ganisms by reducing the oiv gen tension of the environ¬ 
ment, Each hacterial component may contribute differently 
to the peritoneal infection. Early peritonitis may be charac¬ 
terized predominantly by infection with gram-negative aer¬ 
obes; later peritonitis reflects abscessation by obligate an¬ 
aerobes. Either stage can be lethal. 

Antimicrobial and Adjuvant Therapy 

Antibiotics should be used u> control or prevent hactoremia, 

lo limit infection locally, and lo prevent an inflammatory 

response to infection. The presence of inflammation indi¬ 
cates a need for surgical intervention, including drainage 


ol the abdomen. Therapy should begin immediately after 
cultures Eire collected, but antimicrobials should be modi¬ 
fied based on data received after therapy ha* begun. 

Infections me generally polymicrobial Data generated 

from human patients are likely lo be applicable to small 
animals (Lcvison and Bush, 1990) Antimicrobial therapy 
should target a mixed infection, with organisms most likely 
derived from the gastrointestinal tract Escherichia volt t 
A iebsifUa* Ettftrobui ter, and Proteus are among the more 
common aerobic tbut facultative anaerobic! organisms. In 

human patterns., infection (hat develops during hospitaliza¬ 
tion most commonly involves high!)' resistant strains nf 

aerobic gram-negative organisms: Acinetobactcr, Serratio, 

and P aeruginosa (Lcvison and Bush* 1996) Bach:nudes* 

CktsTrkJium, Ftptacoc *m and Pepiostrtp- 

tftcoccus are among the most common obligate anaerobic 
organisms. Antimicrobial therapy should include anaerobic 
organisms because they often are involved even when not 

present on culture. Several factors Impair culture of anaero¬ 
bic organisms*. Cultures require longer time for growth and 

susceptibility testing. In addition, susceptibility data often 

have not been standardized for anaerobic organisms. 

Data from human patients indicate that survival of peri • 
touitis i'' decreased if initial therapy is inappropriate, even 

if “adequate'* therapy is ultimately implemented (Lcvison 

and Bush, I996J, Thus, initial antimicrobial therapy is very 
important. Combinations of two or more antimicrobials are 
generally selected for treatment of peritonitis; however, 
care must be token to avoid antagonistic combinations (see 
Chapter 8), Antimicrobials need not be effective against oil 
organisms. Eradication of the most virulent organisms may 
remove the synergistic effect of multiple organisms, thus 
allowing host defenses to destroy organisms not removed 
by antibiotics, <’Iindamycin is particularly appealing be¬ 
cause ol its efficacy against approximately 95% of anaero¬ 
bic organisms and has been cffeclive as (he sole agent 

in infections caused by mined infections with anaerobic 
Enlcrobacteriaceae. In addition, it is effective against 
Staphylococcus spec sea. Metronidazole is also a good 

choice because ol its efficacy against anaerobes. In addi¬ 
tion it may have efficacy against £ coli m mixed aerobic- 
anaerobic infections. Among ihe ^-Lactams, the 3 penicillins 

are preferred because of their efficacy against anaerobes 
Compared with cephalosporins. f}-Lactamase protectors 
provide enhanced efficacy against both aerobes and se¬ 
lected anaerobes, Imipcnem has the broadest efficacy of 

the antimicrobials currently available: that of licaicillin is 

also broad, especially when combined with clavulanic acid. 

Aminoglycosides are indicated for texIslam aerobic gram- 

negative and selected positive organisms and provide syn¬ 
ergistic activity when combined with (3-lactams "They arc 
not, however, efficacious against anaerobic organisms or in 
an anaerobic environment Likewise, care must be taken in 
the selection of a fi ra-generaiion cephalosporin Cefoxitin. 
;i second-generation drug* includes many gram-negative 
organism? and Bacttmides fra git is in its spectrum. The 
synergism expressed between Humiliated quinolones fe.g., 
enrofloxncint and metronidazole in treatment of pen don t ids 
may reasonably be expressed in treatment of peritonitis as 
well* suggesting that this combination is appealing. 

Intravenous administration is recommended to maximize 
drug delivery to the gastrointestinal tract, which may be 
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poorly perfused. On.ee gastrointestinal function is normal, 
oral administration can be reinstituted- Irrigation of the 
peritonea) area and ihe peritoneum is recommended M- 
though bactericidal activities tit the host (specifically 
ninst may he diluted by irrigation, dilution of microbes amt 

fibrin is t>f greater ad v util age, Addition us heparin will 

further reduce fibrin tkrposidon and Ihe risk of adhesions 
or pookeK of microbial growth. Although povidone-iodine 
can decrease, the incidence of intra-abdominal infection 
when used as an irrigaiu, it also may impair host defenses 
More important, cytotoxicity and pro inflammatory effects 
can worsen inflammation associated with peril on itis. .Inira- 
peritoneal administration of antibiotics docs not appear to 
offer distinct advantages over intravenous administration 
An exception is made witli peritoneal dialysis m adjuvant 
therapy; antibiotics should bt added 10 the penioneal la¬ 
vage to maintain antibiotic concentrations tri the perito¬ 
neal fluid. 

Prophylactic therapy includes use of pre opera trie 

cleansing wuh diet, as well as cathartic* and enemas to 

reduce the total fecal and bacterial mass. Oral antibiotics 
should he used (o cleanse the gaslrointesiinal irucl, Gastro¬ 
intestinal flora are sensitive to oraJ neomycin (aerobic 

gram-negative organisms) and metronidazole 1 anaerobes I. 
Intravenous antibiotics should also be used preoperative I y 
for patients lor which the surgical procedure is accumpcj* 
nied by a high risk of contamination. 

Peritoneal dialysis as a method of treating peritonitis 
should be accompanied by antimicrobial use ( oniamina- 
lum from organisms inhabiting the skin (e.g., SraphyltHw- 
t :t\ species) is the mosl common source of infection in 
patients receiving peritoneal dialysis as a means of control* 
brig renal failure. 

Sepsis and Septic Shock Syndrome 

Definitions 

Sepsis is defined by clinical evidence of a systemic re 

sponsc to an infection (such as tachycardia, or hypo¬ 

thermia) (L.S. Young, 1495). Sepsis syndrome is sepsis 
characterized by altered perfusion of organs (eg. respira¬ 
tory or renal dysfunction), whereas septic shock is sepsis 
syndrome accompanied by hypotension that is responsive 
to pharmacologic intervention. Refractory shock, on the 
other hand is septic shock that tin humans) lasts longer 
than an hour and does not respond to conventional pharma¬ 
cologic therapy The systemic inflammatory response syn¬ 
drome can result from sepsis hut may also indicate a 
response to any number of systemic mediators of inflam¬ 
mation. Mu It Jordan response and potential failure is in¬ 
volved. Note that none Of these definitions is based on the 

presence of bacteria] (or other microbial infection): rather. 

each is based i«n clinical signs, Presumably, at some time 

during the course of infection, bacteremia (positive blood 
cultures) and cndotoxcmia tprepuce of endotoxin in the 
blood) have been evident if a diagnosis is made. Regard¬ 
less, because the syndrome can be a progressive. fatal 
clinical situation, management is intensive and meticulous. 

Pa t hop by si ol o gy 

Systemic disease caused by gram-negative bacteria is the 

mo si common cause of ihe sepsis syndrome The lipid 


* im 

moiety of the Iipopolysaccharide (LPS) covering of grwm- 
ncgulive organisms is the most common virulence factor It 

is LPS that triggers the host response to bacterial invasion. 

including both humoral and cellular aspects. Cytokines and. 

in particular, tumor necrosis factor { f NF) and interleukin-1 

(IL-I; the classic endogenous pyrogen) are produced by 

macrophages and monocytes within minutes of contact 

with LPS iFig. 110-3). Each is capable of inducing fever 

and inflammation. Tumor necrosis factor in particular has 
been implicated as the Most potent mediator of the patho¬ 
physiology of sepsis. Tumor necrosis factor alone, how¬ 
ever... probably is not sufficient to be lethal; yet, when 
present with other released mediators and, in particular, 
interferon^, the effects of TNF become more lethal The 
majority of lethal effects caused by TNF can be attributed 

lo its effects on tissue metabolism, cardiac function, and 
vascular lone. Nitric oxide (endothelial relaxing factor) is 

being exposed as an important mediator of (he lethal effects 

of TNF. The inducible nitric oxide synthase is the likely 
cause of hypotension associated with isptic shock (L.S, 

Young. 1995) 

Humoral mediators contribute feo ihe systemic response 
To LPS. The coagulation pathway can be directly initialed 
by either LPS or TNF and othet cytokines {most commonly 
through the extrinsic pathway). The ftbnnolytic pathway 
also cap be activated. Disseminated intravascular coagu¬ 
lopathy is not an uncommon sequelae of septic shock 

Complement activation arid plate tet- act: vatin g factor con* 
tribute to the response. The inter-relationship bclwoen the 
mediators, of septic shock is intricate and yet to be defined. 

I hc-.e relationships, however, lead to the progressive nature 

of the syndrome, as well as the difficulty in pharmacologi¬ 
cally manipulating response. 

Antibacterial Therapy 

Successful antimicrobial therapy of sepsis will be enhanced 
by anticipation (thus, looking for clinical signs), early diag¬ 
nosis. aggressive yet appropriate amibiotic therapy; and 

intensive supportive therapy. Identifying the cause of sepsis 
(c,g, loss of gastrointestinal mucosal integrity, reversing 
granulocytupenia, removing foreign bodies) is an underly¬ 
ing focus ol management. Although antibiotic therapy is 
the cornerstone of therapy, it can also contribute to the 
pathophysiology. 

Combination antimicrobial therapy is a likdv reason 
that patient response lo antibiotic* has improved (in human 
medicine) during the. last several decodes. For bacteremia, 
antimicrobial combinations should be chosen that provide 
a broad spectrum, enhance (synergistic) efficacy against 
gram-negative organisms and minimize resiMance. In the 
presence of sepsis, selected drugs should also minimize 
endotoxin release. Organisms particularly adept at devel 
oping resistance include Senaria, and tn- 

tmhtufrr species, < lomhination therapy i- particularly im¬ 
portant in neutropenic patients Monotherapy, generally 
with imipcrvem, a fluurictatcd quitKiUmc ic,g r , cnrofluxucin). 
or a ihi id-generation ecphabspixrin le g , ceftazidime J may 
be effective if the ctuiyc is a highly susceptible gram 
negative organism. Yet, the prudent clinician will use a 
combination of drugs likely u> be effective against the 

suspected organism, I Teal merit regimens should he 
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changed if indicated by culture and susceptibility data. 



monitoring as a tool to ensure adequate drug concern rat ions 
U particularly important for the septic patient. 

Adjuvant ITierapy 

A number of adjuvant therapies are critically important to 

the patient suffering from septic shock Cardiovascular 
support can he provided in the form of volume replacement 

and positive tnotmpes/pressors. Fluid therapy should be 
intensive w ith the goal of reestablishing normal perfusion. 
A number of colloids and some crystalloids are available. 
Drugs intended to maintain or increase blood pressure 

should be used cautiously. Certainly, adrenergic agents such 
as dopamine, dobutaminc, norepinephrine, or isoproterenol 

should be administered only in the presence of adequate 
volume replacement and in conjunction with intensive 
monitoring of central venous pressure and. ideally, pulmo¬ 
nary wedge pressure. Hu id therapy is likely lo need to be 
more intensive in the presence of pressor agents, dobufa¬ 
mine in particular. Although dopamine at low doses (5 jag/ 
kg per minute) may be preferred in the presence of im¬ 
paired renal perfusion, dobutaminc is probably preferred 

otherwise. Of the two, dobutaminc (5 to 10 p,g/kg) is more 

likely to increase oxygen delivery and consumption in 

tissues tHardie. IW6). The advent of oliguria or anuria 
indicates the need for diuretic therapy Opiate antagonists 
have been shown to reverse the course of septic shock in 

selected studies. Because patients with prolonged hypoten¬ 
sion were particularly responsive, it is Likely that the drugs 


te.g.* naloxone) provide a transient vasopressor effect. Nal¬ 
oxone, however, appears to have no clinically relevant 
effect in patients in septic shock. 

Thromboembolism can be a life-threatening complica¬ 
tion of septic shock Correction or prevention of impaired 

tissue perfusion (i.e., with fluid replacement or pressor 
agents) helps prevent decreased microcirculation, Addi¬ 
tional preventative measures might be implemented m the 

presence of normal platelet counts and coagulation limes. 

Synthetic colloids (which themselves can prolong bleeding 
times), or the combination of crystalloids and low-dose 
heparin, are indicated to maintain microarcnlatory flow. 
Evidence of disseminated intravascular coagulation (pro¬ 
longed coagulation times and low uniithrombin 111 and 
platelet counts) indicates the need for replacement of coag¬ 
ulation factors. Heparin therapy should be implemented 

with caution in the presence of disseminated intravascular 

coagulation to minimize the risk of bleeding. Certainly, 
heparin therapy is indicated in (he presence of pulmonary 
i hromboembol i sm. 

The role of drugs intended to ameliorate the signs of 
sepsis syndrome is controversial Glucocorticoids, nonste¬ 
roidal Jiui-inflammatortes, and lauroids (an investigational 
category of drugs—see corresponding chapters) are vari¬ 
ably effective to noneffeetive, depending on the study. The 

most important variabilities that appear to affect response 

lo these drugs is dose and timing of administration, For 
glucocorticoids, most studies in human patients afflicted 
with sepsis have failed to show a significant benefit to 

sun iv id, some patients dosed with glucocorticoids were 
more likely to develop suprain Feet ions. Yet, expenmentiil 
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studies have shown that, when provided sufficiently early 

(within 4 hours of sepsis). ‘"shock" doses of glucocorti- 
eoids may ameliorate release of the more important media¬ 
tors nf septic shock Similarly, nonsteroidals (and, in panic* 
til at flu n. m n meglumine! may decrease the release of or 
response to a number of mediator* of eptic shock (Bardic 

et al.H mil Again, however, timing of administratum 

is critical. Benefits are most likely to he realized when 

administration occurs within several hours of Ilk: onset of 
sepsis. Unfortunately for veterinary patients, clinical signs 
of sepsis are usually not identified until the critical period 

of anti inflammatory adminritraiion has passed. 

The advent ol recombinant technologies has led to the 
development of granulocyte colony-stimulating factors. 
These drugs are likely u» prove useful foi selected patients 
(most notably granulocytopenic patients). Treatment proto¬ 
cols have not, lnn\ever, been well established. Therapy 

with antiserum has- enjoyed a resurgence of interest in 

human medic ne Administration of serum from patients 
that have recovered from shock induced by Pseudomonas 
species or patients ‘immunized'" with mutant strains of £, 
co(i has increused the survival of patients suffering from 
profound stn>ek Monoclonal antibodies that: bind endo¬ 
toxin* INI and other mediators of si hock have been or are 
being studied. Pentoxifylline is a methyl xanthine derivative 
that is accompanied by properties not present in other 
mcthylxmithincs. Among those potentially beneficial in 
sepsis is I he ability to scavenge oxygen radicals and alter 
the rheologic properties of blood, thus facilitating microcir¬ 
culation. The use of low doses ot an antibiotic that binds 
endotoxin |e.g„ polymyxin ft) yet U otherwise nephrotoxic 
apparently has not been studied in small amitvtK 

Prophylaxis remains an important tool for the prevention 
of sepsi v Among pie more important in the critical care 
environment is meticulous adherence to cleanliness policies 

in the environment to minimize nosocomial infections. 
Prophylactic antimicrobials are discussed later. 
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Inform bacteria lack or have a deficient cell wall. Their 
role in causing infections in animals is not well identified. 
A number ot organisms are capable of becoming cell wall 
deficient, including Stiiphyi&caectix and StwptoctKxm spe 
cies. Information regarding the causes of an organism as¬ 
suming this structural state are not dear, nor is the role of 
L-fonm in the cause of disease, Presumably,, the infection 
starts in the skin and progresses as multiple abscesses form 
and then dehisce. Bacteremia can lead to polyarthritis . 
Because of their cell wall-deficient state, microorganisms 
are difficult to detect by light microscopy hot can be 
visualized inside phagocytes by electron microscopy. Dougs 
whose antibacterial effects do not target the cell wall are 
indicated, tetracyclines have been lire drug of choice 

(Greene, 1995). 


Brucellosis 

Pathogen?* ta 

Brucellosis as an infectious, disease draw s attention because 
of its insidious nature, difficulty in creatmenl, and zoonotic 


potential. Brucella amis, the causative agent of brucellosis 

in dogs* is a small gram-negative cotcnhaeillus. Among 

Brui Wld, 8 cams stands out in morphology, biochemistry, 

and immunology Among its differences compared with 
other organisms is its zoonotic potential The disease can 
he transmitted only between members of Canidae. Cats are 
only transiently infected after experimental infection. Dogs 

are susceptible to infection with B abortus but do not 
appear Hi be important to the spread of infection. Infection 
by Brin diet involves penetration of mucous membranes 
after contact with contaminated fluids from an infected 
urogenital tract or an aborted fetus. Phagocyti/ed organ¬ 
isms are transported to lymphatic and genital tissues, where 
multiplication occurs. Leukocyte-associated bacteremia can 
persist for yean. Organisms can he intermittently shed 
from infected animals (during carets, breeding, or abortion} 

(Carmichael and Greene, 1998). 

Although ami bodies are generated agmast Brui ellu spe¬ 
cies* as with most intracellular organisms cc 11-mediated 
immunity is the primary mechanism of host defense. Cell- 

mediated immunity can provide protection against reinfec¬ 
tion* all hough persistent infection may be necessary to 
provide persistent protection. Immune response In inflamed 

infected tissue* (e,g., spermatozoa) contributes to infertility. 
fmniLirto&uppre&sUe drugs appear to increase risk of infec¬ 
tion but may not alter the course of the disease in dogs 
already infected. Spontaneous recovery can occur but may 
take up to 5 years. During this time period, infection might 
be associated with bacteremia. As with other blood-borne 


organisms. Brucella may localize in tissues other than the 
urogenital tract. Discospondylitis, anterior uveitis, and, less 
commonly, glomerulopathy or meningoencephalitis may 
result. Diagnosis is based on agglutination tests, agar-gd 
immunodiffusion* or enzyme-linked immunosorbent assay 

(Carmichael and Greene, 1998k Therapy with anuMoiics 

does alter the progression of the disease, 


AnUmkmbiftl and Adjuvant Therapy 

A number of antimicrobial drugs are effective in vitro 
against Brucella but may not be able to eradicate infection. 
Antimicrobial therapy can relieve symptoms, shorten the 

duration of illness, and reduce the likelihood of complica¬ 
tions yet not eradicate the organism (EJ., Young, 1995). 
Success will be enhanced by a combination of effective 
drugs at high doses for at least 4 weeks Drugs should be 
able to penetrate cell ntembranes; accumulation in phago¬ 
cytic cells should further facilitate success. Among effec¬ 
tive antimicrobials, lipid-soluble tetracyclines (minocycline 

and doxycycline) arc particularly efficacious when used at 

a high dose and in combination with an aminoglycoside. 
The World Health Organization has also recommended 
doxycydine in combination with rifampin, although doxy 
cycline with streptomycin was found to be more effective 
in the treatment of discospotidylilts (EJ. Young, 1995}. 

Fluoridated quinolones should also be effective when com¬ 
bined with aminoglycosides (EJ. Young, 1995). although 
clinical truds documenting efficacy in dogs have not been 
reported. An added advantage of these drugs is intracellular 

accumulation. Ruminated quinolojies may not* however, 
be effective as sole agents against brucellosis. Human 
pal rents intolerant of tetracyclines also responded well lo 






A Therapeutic* Approach 


combinations ot LrimethoprimAulfonainidcs and wnmoglv- 
n'-^dcs. A nil microbial therapy should nut be discontinued 
too early; sequential liters tan be used to assess response 

to therapy. 

Infected dogs should be neutered as soon as possible. 
Glucocorticoids or other immunosuppressive therapy may 

be indicated far treatment of infections associated with life- 
threatening nr organ-threatening inflammation (i.e., C \S). 
f urrtmly. prevention is best implemented through good 
hygiene practices, neutering of infected animals, and vacci¬ 
nation of cattle. 

Leptospirosis 

The genus I^ptospira belongs to the family Treponema- 

taccac, which contains all spirochetes, including Honviia 
species. Leptospirosis is primarily a disease of wild and 
domestic animals, with humans becoming infected only 
occasionally (Farrar. 1995), 

Fathogefiests 

Leptospirosis generally causes an acute generalized infec¬ 
tion or interstitial nephritis. Leptospires are motile spiro¬ 
chetes; Leptospira interrogans tends to be the pathogenic 
organism m animals. At least three antigetiieally distinct 

serovars cause disease in dogs, infection in cats is rare 
(Greene. 1990; Greene, 1998a). Infection occurs through 
the mucosa or abraded skin and con occur between animals 
or in unimals that come in contact with the contaminated 
environment. Once the mucosa is penetrated, the organism 
multiplies rapidly in the bloodstream Inflammation causes 

parenchymal damage, particularly in the liver and kidney. 
Persistence in renal lubidar cells Leads to colonization of 
the kidney (Farrar. 19951- Chronic active hepatitis can be 
a sequela of infection in dogs. 

Leptospirosis can present as a pcrocute infection maru* 
fested by shock and death. Less acute presentation presents 
as fever, anorexia, vomiting, and dehydration. Clinical lab¬ 
oratory tests may reveal t!mwibocylofxmi-i, electrolyte al- 

lerarions. and liver damage Diagnosis is bused on serologic 

testing (paired serum tilers). Lepuwpires are very difficult 

to recover, with urine analysis by darktield microscopy 
providing the besi chance of discovery 

Antimicrobial Therapy 

Treatment focuses cm eradication of the causative organism 

and supportive therapy. Acute renal failure may require 
intensive management with diuretics Antibiotics should 
inhibit the multiplication of the organism m well as eradi¬ 
cate it. Response manifested as a decrease in fever should 
be apparent within several hours of administration (Greene. 
1998at Drugs shown effective in vitro include nkw pern* 
cillins, Kurd-gene ran on cephalosporins or tetracyclines, but 
not first-generation and second-generation cephalosporins. 
Not all penicillins appear to he able to eradicate the org:tn- 
isitis. but penicillin t i. ampicillin, and amoxicillin arc 

among ihc effective drugs (Farrar, 1995). In animals, peni¬ 
cillin clears infection with leptospirosis; aminoglycoside 
therapy (or tetracyclines) cm be used to resolve the carrier 


state after recovery (Greene. 1995). although doxycycline 

can also be used for initial therapy (Greene, I99&a). In 
human patients, dmycycline appears to be beneficial foi 

the prevention of infection even postexposure, whereas the 
penicillins do not appear to prevent infection postexposure 
(despite their ability to eradicate infection; Farm; 1995). 

Flu or mated qiiinoloncs (ciprofloxacin and e nroflox aci n) 
also appear to be effective against leptospircs, although 
clinical studies supporting their use are lacking. Hams lets 
experimentally infected with L inltrntftcttLs responded to 
ciprofloxacin (Shalit, 1989;. in vitro studies of five serovars 
of Leptospira indicated efficacy based on M1Q (0.05 to 
0,20 tcg/mL i, although the effect was bacteriostatic, bacte¬ 
ricidal concentrations were 10- to 100-fold higher (Taka- 
shima 1992), Qfbjftoxacin has proved ineffective (Greene, 
1998a), Experimentally, the macrolidcs list' appear effec¬ 
tive (Greene, l99Ka), Protection is best implemented by 

prevention of exposure and elimination of reservoirs. 

Lyme Borreliosis 

Like Leptospira species. Borretia species belong to the 
family Treponemauceac- Borne lia are motile spirochetes 
that have an outer slime-like layer. They arc rapidly killed 
by desiccation and ultraviolet lights BvereUa infect 'both 

humans and animals; up to 15 Rnrrrtia species cause dis¬ 
ease, The Centers for Disease Control and Prevention has 
designated Lyme disease ax the most common vector-borne 
infection in the United Stales.. The disease may. however 
also be overdiagnosed in humans (Sicere, 1995). 

fxodes species are the primary insect vectors of ihc 
spirochete Borne lift burgdoferi Lyme borreliosis afflicts 
primarily humans and dogs, although cats can be infected 
experimentally. Organisms are able to adhere to many 

different types of mammalian cells as well as avoid elimi¬ 
nation by phagocytic cells (Stwre, 1995), The immune 

response appears to Ik initially suppressed during infection, 
apparently allowing the organisms to spread. The disease 
is mulusystcmic* with nonspecific clinical signs including 
relapsing fever iduring which borreliae are present in 
blood), anorexia, lethargy, and lymph adenopathy Poly¬ 
arthritis might result in episodic lameness; clinical signs 

often do not develop until several months after infection 

(Steere, 1995; Greene, 1998b), Heart block, which occurs 

in humans f Steere, 1995) has been reported in one infected 

dog. Clinical laboratory changes arc also variable, tk» 
pending on the site of localization of the infection. Diagno¬ 
sis is facilitated by serum titers, although interpretation 
is complicated by mtcriaboratory variability and overlap 
between titers indicative of clinical versus subclinica) in¬ 
fection, Resolution of natural disease in humans appears to 
be dependent on class ii major histocompatibility com¬ 
plex genes. 

Bared on in vitro testing, antimicrobials effective 
against B. burgdorferi include, in order from most to least 
effectiv l% ceftriaxone, erythromycin, amoxicillin 1 cefu- 
roxime, doxy cy cl me, tetracycline, and penicillin G 
(Greene. 1998b), Antimicrobial therapy based on clinical 

response ntcltides. in order of preference, tetracyclines 

(doxy eye Line is the drug or choice), high doses of ampidl- 
lin or amoxicillin, and erythromycin and its derivatives 

CoDvriQhtod m 
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iSieeit, |995|. Tint J generation cephalosporin* (e.g. cef¬ 
triaxone) are also generally effective. The organisms appear 

to be resistant to ciprofloxacin (and presumably enmftoxa- 
cm and other veterinary fluoridated quiitolones) and to (he 

aminoglycosides. Oral therapy is sufficient except in cases 
of neurologic signs; IV therapy should be instituted in such 
cases Barrelm burgdorferi is a potent inducer (in vtirn > of 
TNF-n and interleukin-1 |J, Antimicrobial therapy in hu¬ 
mans is occasionally characterized by a Jarisch-Herxheimer 
reaction, which reflect release of spirochetal endotoxin 
and subsequent septic shock syndrome (Steere, 1995V Sup¬ 
port i ve therapy j ik I udes nonsteroidal an li ■ i nflammatorics 
as needed tor joinl lameness. Disease-modi lying chondro- 

protectivc agents should be strongly considered. (2are 
should be taken with combining nonsteroidal* with doxycy- 

dine or minocycline due to competition for protd n-bmdin g 

sites and the potential for adverse reactions to the nonste¬ 
roidal drug. Glucocorticoids should be limited to treatment 
of acute spimchetemia, recrudescence of spirochetemia will 
he facilitated with their u.sc. Prevention focuses on cradka■ 

tion of the vector, 

Higher Bacteria: Nocardiosis and 
Actinomycosis 

Pathogenesis 

Nocardiosis is generally presented as a localized infection. 
The organism is an acid-fast, aerobic, soil-borne actinomy- 
eete. usually introduced through the respiratory traef. Trau¬ 
matic penetration may result in a kvali/cd skin infection 

CLrrrwr, 1995: Russo. 1995), Actitwwiyers arc commensal 

anaerobic organisms found in the oral cavities ul animals. 

Infection commonly follows penetrating wounds, such as 
inhalation of grass awns, Acrinomvtrs are distinctive n 
their configuration, presenting as filamentous growth with 
true branching. 

The taxonomy of Socarttia is currently evolving, but 
Noconliu (Lstrrvidfj is among the more commonly identi 

lied pathogens. Culture is made difficult sometimes by the 
slow growth which characterizes this organism when pres¬ 
ent m mixed cultures from clinical material. Rapidly grow - 
mg bacteria often obscure the smaller Nttcurdici colonies. 
Colony characteristics may take up to 2 to 4 weeks us he 

noticed. Gram staining may help identify the organisms 
earlier, although smears may also be negative, Nocardki 
hut not Ac rti lomyees, stains acid fast, although acid-fast 
staining in Ntfrardia is also variable. Nocardin appears as 
beaded, branching filaments when Grain stained but will 

nm Main with hematoxylin and eosin preparations or in 

periodic acid-SchiJT stains for fungi (see Chapter B, Fig, 
ft—11) (Lemer. 1.995), In human patients, positive cultures 
and smears occur only in one third of the cases, Pus from 
a: fistula or abscess will facilitate identification. NwanJia 
and ArtimmivC' .t also stain Gram positive, but again slain- 

irtg is irregular (Bardie, 199(1). 

Nocardiosis i.s an opportunistic infection. In humans, a 
number of underlying diteases, most of which are accom¬ 
panied by ,iii altered immune system, predispose the patient 
to nocardiosis. Infect ions occur because the organism is 
able to evade bacterid protective mechanisms of the host. 


Immune T cells and neutrophils are important to eradica 
lion of Nocardia. >\Wardio may be resistant lo oxidative 
bursts of neutrophil s. Filamentous log-phase cells of N&- 
ctirdia are more virulent and toxic to macrophages than are 
the coccojd stationary phase organisms, which can be eas¬ 
ily ptiagocjiized. 

k'ocantfa produces suppurative necrosis and abscess for¬ 
mation. In human*, Nocuntw in '’kin seldom causes a 
marked fibrotic response; rather granulation tissue will be 
loose, with hands of fibrous tissue surrounding the lesions. 
Confluent abscesses- form with little to no encapsulation. 
Extension to the pleura or chest wall may result -n empy¬ 
ema, subcutaneous abscesses, or sinus 'tracts. Occasionally, 
bony involvement may occur ( did urn -con laming “sulfur 
granules" present a barrier to bacterial penetration and may 
indicate reversion uf (he organism tAmwmx< t>s) to an 
L - form. 


Antimicrobial and Adjuvant TTirrapy 

A number of antimicrobials are effective against both \cfi 
rtcmyctt and Noctirditi, An anaerobic environment and, 
hence, infection with Actimwnrr.r should he assumed un¬ 
less proved otherwise, thus leading to more ctmscrvaiivc 

ami microbial selection. Penicillins (penicillin G. amoxicil¬ 
lin) remain a drug of choice, although resistance ami L 
form organisms can preclude their efficacy (liardic, 1990) 
Clavultmic acid can reduce the risk of re si stance. The 
formation of protective calcium granules by certain strains 
of Actinomyces limits antibiotic penetration into the organ¬ 
isms. The formation of these granules is stimulated by the 

presence of penicillin antibiotics. Tri met hoprim/su I fun- 

amide combinations are also very effective, although high 

dote* are recommended,. Combinations of penicillins with 
irimethopriiWsulfonamide result in synergistic actions 
against Not tinditi and Aairtimyces (Eliopoulus and Moe fi¬ 
eri ng, 1996) and are the authors 1 most common first choice 
(at fisgh doses and frequent intervals). Clindamycin and 
erythromycin are also effective, particularly against L- 

forms (Hardie, 1990). The aminoglycosides are highly ef¬ 
fective against VfXiWfij and Ai tiflojrmv.i, and synergistic 
.activity has been documented against this organism with 

combinations. Minocycline (and presumably doxyeyclinc) 

also is effective, although use of this Kami mrtMu. drug 
may preclude combinations with other antimicrobial*, 
Treatment for both Norardia and Actinomyces should 

Wm 

occur for at least 6 weeks, with high doses ai frequent 
intervals (see Respiratory Tract Infections in this chapter). 

Treatment should continue beyond resolution of clinical 
signs. Adjuvant therapy should include drainage and lavage 

of empyema and, when indicated, chest tube drainage m 

surgical debridemenL Lavage should continue for several 

days until cytologic examination of aspirated fluid indicates 

resolution of infection and fluid accumulation decreases (5 
to I Cl days) (see previous discussion of empyema l. fbc 
author has often recommended initial hospitalization and 
IV therapy with amikacin and amoxiciLlink la vulame acid 

or, for increasingly resistant organism*, imipenem followed 
10 to 14 days later with very high (45 to 60 mg/kg tw ice 
daily) oral sulfadiazine, trimethoprim replacing the amino¬ 
glycoside, The amoxicitiin/cUvulanic acid combination 
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should he continued with ihe sulfonamide for 4 to 6 weeks 

or more. The |3-lactam should be administered at ft- to 8- 
hour intervals. 

Mycobacteria 

Mycobacteria are composed of a number of aerobic, acid- 
fast bacteria, The) vary markedly in host affinity and 
ability to ^ause disease. Disease is frequently accompanied 
by granulomatous inflammation because of their ability to 
survive phagocytosis. The acid*fas! nature of these micro 
organisms reflects the large amount of lipid material in 
the cell wall, Constituents of the cell wall stimulate the 
granulomatous response. The organisms are more resistant 
than most organisms to environmental changes leg., pH. 
heal) and are more resistant to disinfection. Some organ¬ 
isms (miht notahlv Myctthacte riwn uiium) can survive in 
the environment for several years. They are, however* 
very susceptible to 5% phenol or 5% household bleach 

Generally, organisms causing disease arc characterized bv 
one of three forms (Greene* 1995ft 7ii benrutosiit generally 
is internal in location Infecting organisms include M tu 

fwrruhsh (more common in dogs.) and St bovis (more 

common in catsj. f/jtrmv is characterized by localized 

cutaneous nodules; St. iepmmmrmm is probably the most 

common infecting organism (in caisft Atypicat mycobatr- 
ictiu is generally presented as a spreading subcutaneous 

inflammatory disease: among the several organisms causing 
this complex is \f. uvium. Dogs and cats are most com* 
monly infected by owners with disease or exposure to 

infected fawn animals. 

Tuberculosis 

Dogs Mid tats are more susceptible to infection by tubercu¬ 
lous mycobacteria than by atypical mycobaciena. Infedion 
generally occurs through the respiratory or alimentary tract. 
Local multiplication at the site of infection results m a 

granulomatous response at the primary ‘‘complex" (site of 
deposition! and local lymph nodes. Particularly m cats* 
however, a granulomatous response may develop only in 
surrounding lymph nodes. For tuberculosis, respiratory in* 

fections are more common in dogs; intestinal infections 
are m^rc common in cats Infection can be followed by 

elimination of the organisms in animals with a sufficient 
immune response. 'I he more common sequelae arc location 

within phagotMrc cells, intracellular multiplication, and 
granuloma formation as die btxJy attempts to eradicate the 
organism. Organisms that outpace the host immune system 
can cause disseminated disease. Immunity is incurred by 
the cell-mediated response, but factors that facilitate an 
adequate response in the host are not known.. Diagnosis 
can be facilitated with minukimal skin testifig in dogs with 
the highest concentration of antigen used in humans. Cats 

do not react strongly to imraderrmL testing, Diagnosis can 
be facilitated by the presence of acid-fast organisms in 
tissue biopsy material. 

Antimicrobial therapy is complicated by the fastidious 
nature of the organism. Drug penetration into the organism 

is likely to he more difficult than for other ■ >r gam sms; 

intracellular survival flintier complicates efficacy of drugs 


reaching the site of infeciion. Treatment should generally 
include combination therapy for at least 6 lo 9 months. A 
combination of isonia/id (10 to 20 mg/kg orally once daily! 

plus rifampin (10 to 20 mg/kg orally every 12 to 24 hours) 

plus ethambutol (15 mg/kg orally every .24 hours) is the 
most effective therapy (in humans), although isuniuzid- 
resistant organisms have become increasingly more diffi¬ 
cult to treat. More rapid remission is likely with IV admin¬ 
istration, The isoniazid cm also be administered prophylac¬ 
tic ally I ft to 12 months! in cases of exposure. The 
Humiliated qiiinoloncs are also effective against selected 
specie* of mycobacteria, Mycobacterium m-ium (sec later 
discussion of atypical mycobacteria) is an exception, al¬ 
though it does also respond to other drugs used to treat 
atypical mycobacteria. Infected animals remain a health 
hazard because they serve as temporary sources of dissemi¬ 
nation in the envirormeni. 

Leprosy 

Feline leprosy is caused by if fepratmurium, also ihe 
causative organism of rot leprosy. The infection causes 
rapidly growing, soft fleshy nodules in the skin and subcu¬ 
taneous tissues, usually on the bod or extremities. Infected 

cats are generally healthy, and the lesions are not painful. 
Diagnosis is generally based on the presence of granuloma¬ 
tous inflammation and acid-fast organisms in biopsy speci¬ 
men* or impression smears* Treatment includes surgical 
removal and antimicrobial therapy. Drugs include dapsone 
(I mg/kg Jdogs] orally every ft hours or V.) mg lcats| orally 

every 12 hours) for 2 weeks or clofazimine (8 mg/kg 

orally every 24 hours for 6 weeks and then twice weekly 
thereafter) Rifampin may also be useful. The safety of 
these drugs has not been established for cots. 

Atypical MycoNrwri* 

Both slow-growing organisms {M. avium ■ and rapid-grow¬ 
ing organisms (e.g.. St. fvrtmtwrt, M thefonei) cause dis¬ 
ease in dogs and eats, although the rapid organisms .ire- 
more common, These organisms are ubiquitous in nature 
(especially wet soils) and generally are not pathogenic. 

Infection is generally acquired from trauma to the skin; the 
location of entrance into the body determines (he presenta¬ 
tion of the disease. Penetration into subcutaneous tissue 
appear; lo promote pathogenicity. Generally, infection pres¬ 
ents as a localized, but spreading infection characterized 
by granulomatous inflammation and acid-fast organisms. 
Multiple fistulous draining tracts are evident, usually in the 

caudal abdominal, inguinal, or Lumbar subcutaneous tissues 
(Fig. 10—4) Cats ore usually clinically healthy even if 
cutaneous involvement is extensive. Less commonly* fever* 

anorexia* and weight loss occur. H> percaJeemia as a result 
of the release of parathormone-1 ike hormone from macro* 

phages associated with the inflammatory response has heen 
documented in our hospital. Diagnosis is difficult in part 
because organisms are not abundant. Tissue biopsy speci¬ 
mens should be token from the subcutaneous tissues be¬ 
cause organisms are more likely to be located in the panni 
cuius. Nocardiosis should be considered as a differential. 
Bacterial culture provides the definitive diagnosis. 

Therapy focuses on antimicrobial drugs. And tubercular 
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dings tire generally ineffective against atypical mycobacte¬ 
rial species, Qtiittoloncs, aminoglycosides (particularly 
amikacifii* and doxy eye line (or minocycline l are effective 
and can he combined with one another if more aggressive 
therapy is desired Other drugs that might be beneficial 
include trimeihopmnfeu] fanamide combinations and clo¬ 
fazimine. High doses are recommended io maximize drug 

deliver) into the granulomatous tissue. Surgical dchulkmg 
may he indicated for large granulomatous masses. Care 

should be taken to not discontinue drugs too early, hour to 
6 weeks or more of therapy should be anticipated. 

Melioidosis and Tularemia 

Melioidosis is caused by Rurkhtdderia (Pseudomonas} 
pseudo mallei, i bipolar, aerobic, gram-negative motile ba¬ 
cillus occurring predominantly in Southeast Asia, Non hem 
Australia, and the South Pacific. It is characterized by 
fever, myalgia, dermal abscesses, and epididymitis 
(Greene, 1998c). Effective antimicrobials include tetracy¬ 
clines. chloramphenicol, trimethoprim-sulfonamide combi¬ 
nations, amoxicillin-clavulanic acid, and novobiocin-tetra¬ 
cycline, Two weeks of high doses of parent era I ceftazidime 
has proved most effective; i m i penem-c 1 1 asi m may also be 

effective. 

Tularemia, caused by Fnincisellti tuiarvntis t Is a tick- 
transinmed disease of both dogs and cats I Kaufman. 199k i 
InTectton begins w ith localized Iymphadenapathy followed 
by bacteremia and multiple organ involvement Clinical 

signs vary and include lever, mucopurulent nasal or ocular 

discharge, abscess at the site of inoculation tor associated 
with lymphadeEiopythy). myalgia, shivering, and signs in¬ 
dicative of septicemia. Preferred antimicrobial therapy in 
human patients includes the aminoglycosides. Chloram¬ 
phenicol or tetracyclines ma> be associated with relapses. 
The fluonnated quinolones also may be effective, 

RICKETTSIAL DISEASES 

Ricketrsia arc fastidious, obligate intracellular parasites that 
appeal as pleomorphic coooobacilii They multiply by hi 


nary fission, contain both l>NA and KNA, and are capable 
of synthetic and energy-producing reactions. Their life cy ¬ 
cle involves insect reservoirs (primarily ticks) and mam¬ 
mals (Saah. 19951 The rickettsial organisms include three 
families: Rieketisiuceac, Bartoncllacc ac, and Anaplasmaia 
ceae. The family Rickctt-siaeeae is further divided into three 
tribes: Rickettsiae, Ehrlichieae. and Wolbaehieae. Wiihm 
the Rickettsiae tribe are three genera: Rickettsia, Hmhali- 
marts. and Caxielia iHrcitschwerdl, 1995 k Those organ¬ 
isms in the Rickettsia genera are broadly categorized fur¬ 
ther into two groups: that containing the causative agent of 
Rocky Mountain spoiled fever and the typhus group, Cox- 
ielta burnetii, the causative agent of Q fever, is not included 
in either group and stands out additionally because of its 
rohusi nature outside of host cells and presentation of 

disease fSaah. 1995). The tribe Ehrlichieae also contains 

three genera: Ehrlichia, Cowdria, and Seanckettsui 

(Breitschwerdi, ) 995), 

Although advances in recent years have increased our 
knowledge regarding the physiology of these organisms 
and the pathophysiology of the disease, much information 

is still missing. The pathogenesis of the other rickettsial 
organisms reflects vasculitis due to proliferation of the 
organisms in endothelial cells. Diagnosis is generally based 
on serologic testing. Serologic evidence of disease gener¬ 
ally does not, however, occur until several weeks after 
clinical signs have developed. 


Ehriichiosis 

Causative Organisms 

Disease caused by canine ehrlichiosis generally targets 
blood-forming units Ehriichiosis is caused by Ehrlichia 
rams, ihc brown dog tick, and Rhiplrrphalttx sanguineus 
serves as the primary insect vector Other infections carried 
by this vector (Babesia amis and IfepatazcHm ranis) can 
simultaneously infect the host. Ehrlichia cants is j pleo 
morphic organism that circulates in peripheral monocytes. 
Infection is. transmitted through the saliva of the lick into 




212 * % EknpralKi \pfwnach 


the bloodstream of the Ikkl Transmission has also occurred 
between hosts 1 patients) through blood transfusions, 

PMhophysiology 

Disease can present in mi acute, clinical, or suhclinical 
phase. The acme phase lasts 2 to 4 weeks., during which 
the organisms replicate in the mononuclear phagocytic cells 
of the iivci, spleen, and lymph node* Infected cells travel 
to the lung, kidney, and meninges, where endothelial in- 
fl animation can occur. Nonspecific clinical signs during 
this phase include fever, anorexia, weight loss, ocuLar and 
nasal discharge, and edema Additional clinical signs de 
pend on the severity of infection in each organ and include 

dyspnea, neurologic abnormalities, and lymphadenopathy 
Platelet consumption, sequestration, and destruction cmi - 
tribute to thrombocytopenia, which often characterizes this 
phase. Leukopenia and anemia become more likely as the 
disease progresses. The suhclinical phase occurs at 6 to 9 
weeks and is characterized by pancytopenia. An adequate 
immune response should eradicate the disease, but immu- 
noincompetence leads to chrome infection. Clinical sign* 
in chronic disease vary with the severity of infection and 
can range from asymptomatic to severe. Bleeding tenden¬ 
cies, anemia, chronk weight loss, and debilitation are non¬ 
specific clinical signs. Abdominal tenderness, ophthalmic 
complications (anterior uveitis, retinal detachment), and. 

neurologic abnormalities may be present. Secondary infec 
tions i bacterial and, less commonly, fungal) may reflect 
immune suppression, Diagnosis is based on clinical labora¬ 
tory changes and serologic diagnosis using indirect fluo¬ 
rescent antibody. Treatment is oriented toward eradication 
of the infecting organism and supportive therapy based on 
clinical signs. Therapy in chronic stages may also need lo 

target opportunistic infections in the immunosuppressed an- 

5 mal. 

Antimicrobial and Supportive Therapy 

Tctracvclines are the treatment of choice for ehrlichiosis. 

■ 

Lipophilic tetracycline* such as minocycline and dojeycy¬ 
cling may be preferred because of better tissue penetrabil¬ 
ity, particularly for chronic cases. Although fluoridated 
quinolcnes {e.g.* erunoflcxacin) appear to be effective for 
the treatment of Rickettsia rickemii at a dose of 3 mg/kg 
orally twice daily, based on experimental infection, they 
do am appear to be effective at 10 mg/kg orally twice daily 
for the treatment of ehrlichiosis (Neer. 1909), The effects 
of combination therapy with doxy,ydine and enrofloxacin 

on antimicrobial efficacy against ehrlichiosis have not been 
established, but the combination might be considered for 
patients that do not respond to doxycycline. Chlorampheni¬ 
col is als#» effective against ehrlichiosis but is less ideal 

clinically than tetracyclines and enroAoxacm Imidocarb 
dipnoprivnate is also effective against ehrlichiosis, but core 
must be taken lo minimize the side effects of this drug. It 
recently hoi', been approved in ihc United Stales. It should 
be used to treat patients that have not responded to doxycy- 
cliiifC or enrofloxocin* 

Supportive therapy for ehrlichiosi includes fluid and 

electrolyte therapy, blood or hlood component transfusions 
hematinic* {vitamins, iron if bleeding has been extensiveh 


and, less commonly, drugs that stimulate erythropoiesis. 
Anabolic steroids should be used cautiously in the presence 
of liver involvement. 

Serologic titers generated by ehrlichiosis are not prolec 
live, and reinfection may occur Long-term prophylaxis 
might be considered in endemic areas -or kennels and con¬ 
sist of tetracycline (6 mg/kg once daily orally) or repostt&l 

tetracycline (200 rag intramuscularly twice weekly). 


Rocky Mountain Spotted Fern 

Causative Organism 

The causative agent of Rocky Mountain spoiled fever is 
Rickettsia ricketuik it is transmitted primarily by Derma* 
center species, with the American dog tick being the princi¬ 
pal vector in the eastern L nited States and the wood tick 
the principal vector tn the western United Stated. Transmis¬ 
sion of disease requires tick attachment to the host for at 
least 5 hours and up to 20 hour*; thus, the disease might 
be prevented by routine 'hick checks" (Breilschwerdt. 
1995 k The incidence of infection in dogs caused by tics 

organism only now h being appreciated. Unrecognized and 
untreated dines* can lead to death, although the sev erity of 
clinical signs depends* in part, on the degree ami local ion 
of the initial vascular damage induced by the organisms. 
Diagnosis is complicated by cross-reactivity to several nou- 
pathogenic member* of Rickettsia Mid should be based on 
both acute and convalescent serum titers m direct immuno¬ 
fluorescence in skin biopsy material (Breilschwerdt. 1995), 


Pathophysiology 


Organisms are transmitted through the saliva of the lick 

into the bloodstream, where they replicate in endothelial 
cell* of small blood vessels and capillaries. Damaged endo¬ 
thelial cells become inflamed Vessels become permeable, 
causing extravasation of fluid into perivascular spaces. De¬ 
pending oil 1 he severity of infection, clinical signs may 
indicate edema, hemorrhage, hypotension, or shock. Infec¬ 
tion in vessels of the CMS may lead to neurologic signs 

and a more rapid deterioration of clinical signs. 

Other clinical signs vary and may require medical man¬ 
agement. depending on which organs are infected: Cardiac 
abnormal ores may include conduct urn abnormalities or 
other life-threatening arrhythmias; the respiratory system 
may be characterized by clinical signs reflecting pulmonary 
edema, which is minimally responsive 'a? diuretic therapy; 
ocular abnormalities range from subconjunctival inflam¬ 
mation to retina] detachment; and* in severe cases* acute 
renal failure occurs due to decreased renal perfusion. Se¬ 
vere inflammation causing vascular obstruction can lead to 

gangrene of peripheral limbs* cars, lips* scrotum, or mam¬ 
mary glands Other less specific clinical abnormalities in¬ 
clude fever, anorexia, depression, muscle pain, polyarthri- 

iLh, and weight km (Brci tsdvwendt, 1995). Tn addition to 
increases in liver enzymes and serum bilirubin, clinical 
laboratory tests may reveal the need lo treat thrombocyto¬ 
penia; severe acute infection may also cause leukopenia 
and anemia. Hypnpmteinemia, azotemia, hyponatremia, 
and hypocalcemia may also be present. Treatment is fo- 
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c lived on both eradication of the organisms and supportive 

therapy of derangements in the infected body system. 

Antimicrobial and Supportive Therapy 

Teiracyclines remain the treatment of choice of rickettsial 

infections. Although tetracycline may be sufficient drags 

characterized by hetter lipophdicuy (e g., doxy cy dine or 
minocycline) may be more advantageous. Chloramphenicol 
is also effective, but less so than tetracyclines. Fluor mated 
quinolnne* are aho effective experimentally (Breii- 
schwerdu 1995), although clinical efficacy has not been 
established Combinations of both doxy cy dine and en- 
pnflnxocin may be: additive to synergistic* but the effects of 
this antimicrobial combination on rickettsial organisms has 
not been established. Clinical response should be rapid 
except in cases with severe vascular sequelae (j.e., neuro¬ 
logic or renal damage). Supportive therapy should target 
abnormalities previously described. These include cleciro- 
lyte abnormalities and replacement of colloid (protein)* 
VftSLul.tr permeability, however, will complicate volume 

replacement (with either crystalloids or colloid*) and* if 

too intensive, may contribute to peripheral (including pul 
monary) edema. 


Other 




Canine cyclic thrombocytopeniu js caused by Ehrlichia 
plat\.\, an organism that replicates in platelets. Cyclic 
thrombocytopenia occurs at 10- to 14-day intervals. Both 
platelet numbers fas low as 30.0001 and aggregation .ire 
unpaired. Treatment should be with tetracyclines as de¬ 


scribed for E- mnn Wwickemw helminthrca is one of 

the causative agents of salmon poisoning disease, which is 

transmitted after ingestion of fish containing tine trematade 
vector, Like other rickettsial diseases, it us healed with 

tetracyclines. Hemobarionellosis is caused by a he mo- 

trophic organism that causes acute or chronic anemia in 
dogs or cats.. Damaged red blood cells arc removed by the 


host's immune system. Hie host It not able to resolve 
infection without treatment. Tetracyclines arc the drag of 

choice. Supportive therapy may include glucocorticoids al 

immuno*uppressL ve doses. Metronidazole 140 mg/kg orally 
once daily for 3 weeks) has teen used to treat resistant 

infections (Breiischwerdt. 1995).. 



Anaerobes differ from utter bacteria in that they do not 
require the presence of molecular oxygen for metabolic 

activity and growth hut depend on fermentative processes. 
Strict anaerobes cannot tolerate the presence of oxygen and 
few are clinically significant Growth of obligate anaerobes 
depends on an environment characterized hy reduced oxy¬ 
gen tension and low oxidation-reduction (redox) potential. 
Most < liniuiJIy significant anaerobic organisms sure obligate 
and include the genera Fusobtuitrium* Bucismides, Ctas- 
tridturn, t sclec te d ape c ics), Peptostrep ttn oa us ( en te i >c 
Streptococcus I, and Pepiocact m Although <irx\gen-rofer- 

anr anaerobes cannot utilize oxygen, they can grow in its 


presence. Oxygen-tolerant organisms include Clostridium 

perfringem and Pmpianibacterium. Finally, facultative an¬ 
aerobes are characterized by flexible oxygen requirements 
and can grow in the presence or absence of oxygen. Facul- 
tative anaerobes, which are clinically important in small 
animate include StupftylnrtjCL-ini and the enteric gram-nega¬ 
tive bacilli such as. £.. coti .and Khbsietta .and Pasteajrlla 

(Dow cl al., 1986; Dow and Jones, 1937). Like 


species. 

aerobic organisms, anaerobic organisms ore 


Iso classified 


by their gram staining characteristic. Gram-posiiive cocci 
include Peptococcus and Ptptostreptocoi'cus, Granv-posi- 

(ivc rods include those (hat form spores iClotfhdium} and 

those that do not (Acfitemycrj and PropionibacTerium), 

Gram-negative anaerobic rods include Bactenddn and Fu~ 
sobocterium. 


The prevalence and significance of anaerobic infections 
in veterinary medicine have only been realized within the 

Iasi decade Results of studies investigating the incidence 
of anaerobic organisms as causative agents of infections in 

veterinary medicine have been relatively consistent. The 
most frequently isolated organisms in a recent study (Jang, 
1997) were Bactrrvidcs, Pepio j irtpun vccu .t. Fuxohacte- 
ham t and Porphyromoruis These organisms represented 
70 r ' of the isolates. Otter previously reported clinically 
significant isolates include Clostridium. Propionttwetehum t 
Artitiomxces and Pepforoceus (Dow arad Jones, 1987}. 
Some older studies suggest that Clostridium species ore 
more commonly isolated, but this finding may reflect inap¬ 
propriate culturing technique* or regional differences in 
prevalence of selected genera. 


Pathogenesis 

Anaerobic infections are endogenous in origin because the 
causative organisms are most commonly members of the 
normal bacterid flora that occur in surrounding uninfected 
tissues. The normal bacterial flora of the body are predorm 
fiamIy anaerobic, Anaerobic organisms are particularly 

prevalent on mucous membrane surfaces as exemplified by 

m anaerobic to aerobic ratio of 1000:1 in the large intestine 
(coloni and 10:1 in the oral cavity (Greene. 1990) Anaero¬ 
bic organisms, and particularly Buclemides species, ore 
also prevalent in the female reproductive tract (vagina). 
Infections by anaerobic organisms usually require a break 
in the normal skin or mucosal defense barriers, thus 

allowing penetration and contamination, or a break in the 

host's immune defenses* Thus, certain areas of tte body 

are more predisposed to the development of anaerobic 
infections. The most common sites of anaeruhic infections 
reported m small animals are the oropharynx, skin (includ¬ 
ing bile wounds), respiratory tract, abdomen, reproductive 

tract, musculoskeletal system, and CNS Anaerobic organ 
Isms are also causes of bacteremia. 

Anaerobic bacteria, particularly gram-negative rods are 
often considered serious pathogens because they are capa¬ 
ble of producing toxins and enzymes, which enhance didr 
pathogenicity, Both Bociemidts (especially &. fra % it is) and 
Fusohacterium produce potent toxins that not only cause 
tissue necrosis but also enhance the spread of infection. 
Bacumidex species may also produce coLlagcna&e, Clos¬ 
tridial organisms also produce a variety of toxic compounds 
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that, in addition in tissue necrosis. may cau-ve hemolyris. 
di.^cmi tuned intravascular coagulation. and renal lailure 

{Dim ct aU 19861, Several urbanisms produce compounds 

tint destroy leukocytes, thus debilitating a component of 

die host's immune sy stem (Dow et al,* 1986). 

Diagnosis of anaerobic infections is often difficult. Bac- 
temidt v and fnxnbacirriiirtt are often difficult to visualise 
in Gram si ai m when in the presence of exudates and 
tissue debris. Gram-positive organisms may appear gram- 
negative, or they mstv assume usual morphology in older 
exudates or following antibacterial therapy (Dow et :il.. 
J986 j. Improper culturing techniques ore probably the most 
common cause for failure to isolate all infective organisms 
(Hirsch et ol.. 1985: Dow et aL 1986), 

Anaerobic infections should he suspected when an infec¬ 
tion is characterized hy one or more of the following: close 

proximity to a mucous membrane; a putrid, foul-smelling 
exudate; necrotic or gangrenous tissue; gas; a blackish 
discoloration of tissues {which may fluoresce under ultra¬ 
violet light if caused by B. sulfur gran¬ 

ules {indicating infection caused by Aetmomvces >; a sub¬ 
acute onset of inflammation; and leukocytosis associated 

with a high fever f Dow. 1986; Finegold, 1995). Anaerobic 

infections also should suspected when cultures are rwga- 
tivc despite observation of organisms with a Gram stain 

and in ease* of endociirdtlis associated with negative blood 
cultures Closed-space infections such as pyolhorax, pyo- 
metra, and brain, lung, or intra-abdominal abscesses arc 
frequently caused by anaerobic infections Other infections 
commonly caused hy anaerobes include aspiration pneumo¬ 
nia. peritonitis associated with bowel contamination, 

chronic osteomyelitis associated with open fractures, bile 
wounds, penetrating foreign bodies, and solid tumors. 


Factors impacting Selection of 
Antimicrobials 

Factors that contribute to therapeutic (antimicrobial) failure 
for anaerobic infections include improper culturing tech¬ 
niques. mixed infections, and inactivation of the antimicro¬ 
bial A common cause lor therapeutic failure when treating 
bacterial infections is selection of an inappropriate antimi¬ 
crobial drag Culture and susceptibility information is vital 
for the proper management of anaerobic infections. Failure 
to isolate anaerobic organisms due (o improper culturing 

techniques should be suspected whenever routine aerobic 
cultures of purulent exudate yield no growth. 

Most clinically significant anaerobes are obligate and 
thus cannot survive exposure to oxygen for more than a 
few seconds, In addition, facultative bacteria generally 

grow faster than anaerobic organisms and thus may over¬ 
grow and mask anaerobic organisms, particularly if speci¬ 
men culturing is delayed (Dow ct al., 1986). The best 
spei imens for anaerobic culture are aspirates or tissue 
biopsy specimens (I cm") rather than swabs (Dow et al,. 
1989a, b) Suitable aspirates include those of infected body 
fltnds (i.e , peritoneal, pericardial pleural), aspirates of pus 

(from abscesses, deep wounds, or pyometra), tracheal or 
percutaneous lung aspirates, surgical tissue specimens <in- 

eluding samples from deep infections, bone biopsy mate¬ 
rial, or sequestra) and blood (Dow et al., 1989a, b). Ail air 


or gas bubbles should be removed from kith (be needle 
and syringe immediately after sample collection (Fine gold, 
1995V Urine: swabs for the oropharynx, upper airway, 
external airway, and reproductive tract; sputum or nasal 
exudates; and bronchoscopy brush lugs or aspirates (unless 

obtained with a double-lumen sleeve) ait: generally consid¬ 
ered inappropriate Culture samples should be placed in 
culture tubes (Finegokl. 1995 k, Specialized transport recep¬ 
tacles should be devoid of oxygen ami contain anaerobic 
media that will also allow isolation of aerobic organisms. 
Specimens collected in plastic syringes should also be 
placed in transport tubes because oxygen can slowly per¬ 
meate through the syringe. Specimens generally should be 
kept at room temperature until transported. 

Many anaerobic infections are caused by more than one 
organism. Both finaerofricJanaernbic and maerobic/aerobic 
mixed infections have been reported in small animals A 
mean of 1.7 to 1.9 anaerobic organisms wot isolated per 
spei imen in several studies. Samples usually also contained 
facultative anaerobes (Hirsch ct all, 1979, 1985). A recent 


study cited 80% of infections with obligate anaerobes to 
simultaneously contain facultative anaerobic or aerobic or¬ 
ganisms, with members of the family Gnterubacimaceac 
being the most common organisms isolated (Jang, 1997). 
These include 7. voii followed by Pasteureila species and 

Staphvtocnccm intermedins. Mixed bacterial infections are 
often more virulent than infections caused by single organ¬ 
isms (Dow el al.. J9S6), Because synergistic mechanisms 
develop between facultative and anaerobic organisms, in¬ 
fection by multi pie organisms may promote the overgrowth 

of commensal anaerobes such as Actirufmyi e,v (Handle et 
al,. 1985; Dow and. Jones. 1987; Brook. 1995), Bocieroides 
species can inhibit phagocytic activity of surrounding white 
blood cells when present in mixed infections. Commensal 
bacteria may act as symbiotes by producing growth factors 
required by pathogenic anaerobic organisms. Facultative 
organisms may also provide a more favorable environment 
for anaerobes by removing oxygen and add;tig reducing 

substances I Dow and I ones. 1987). The number of microor¬ 
ganisms located within an abscess may also have an effect 
on drug efficacy because antimicrobial inactivation is 

more likely. 

The environmental conditions surrounding an anaerobic 
infect:Lin can be detrimental to the activity of antimicrobial 

drugs. These effects, discussed in Chapter 8, are very 
likely to he 1 marked in some anaerobic infections. The 
inflammatory exudate that usually accompanies anaerobic 
infectious can have profound effects on drug efficacy. Cel¬ 
lular membranes, breakdown products of phagocytic cells, 
and inflamed tissues are all capable of binding to and 
reducing the effective concentration of pharmacologically 
active antimicrobial drugs (Levin and Karakusts, 1984). 

Host tissues may also produce local enzymes that destroy 
antibiotics (Levin and Karakuxis. 1984), 

The anaerobic environment that characterizes anaerobic 


infections can also profoundly idler the efficacy of antimi¬ 
crobials. The oxidation reduction potential (referred to as 
EH), which measures the anaerohiosis associated with an 
abscess, is estimated to be approximately —400 mV in 
human abscess, which is indicative of an environment free 

of oxygen. The lack of oxygen has profound effects on 

two activities important to the success of antimicrobial 
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therapy The hrst is its effect on white blood cells. To kill 
selective organisms, while blood cells must be able lo 


initiate oxidative hunts, an activity that is very difficult to 
accomplish in the anaerobic environment (Tally. I*JKK; 
Tally and CuchuraL 1988). In addition, white blood cell 

chemutaxb m response to bacterial factors rs reduced in 

anaerobic environment* (Finegold. 1995). The secofld det¬ 
rimental effect .m anaerobic environment has im the 


ity of certain antimicrobial drags relates to the mechanism 

of transport 01 action of the drugs. The efficacy of amino¬ 
glycosides and the combination of fri methoprim/sul farnelh - 

ox azole are particularly affected. A m i nog ly cos ides require 
active transport into cells by mechanisms dependent or 
oxygen, In addition, ihe mechanism .it action of these 
antimicrobials depends, in pari, on cellular respiration pro- 
toswv shat utilize oxygen. The lack of oxygen renders 

these antibiotics ineffective; ail anaerobic organ;'.ms arc 
thus resistant vn aminoglycosides. The aerobic component 
of a mixed infection may also be resistant to aminoglyco¬ 
side therapy because the oxidative transport systems of 
such organisms te g*, E coii) may shut down m an anaero¬ 
bic e n v j tm me nt- 


Thc development of resistance by anaerobic organisms 
to selected antimicrobials is an important cause of thcra- 
pcutic failure. As with other bacteria, plasmid-mediated, 
transferable drug resistance and the inability of drags to 

penetrate bacterial cells are important mechanisms by 
which anaerobic organisms develop resistance to antimic ra¬ 
bbi* (FincgohL, 1995). Several studies have concentrated 

on die development of resistance lo fLIactam antibiotic* 


Anaerobic organisms. and particularly B. fragilh, develop 
resistance to these drags primarily by blocking all penetra- 

tion by the drag or by producing fL lactamase enzymes that 
inactivate the drug. Barteroides fragilis is particularly ad 
cpt at developing resistance due lo the production of |3 
lacianiases (penicillinases or cephalosporinases), enzymes 
that cleave I he (3-lactam ting, thus effectively destroying 
ajiumk robin! activity Most strains of ft fragiii.i produce a 
chromosomal!) 1 mediated p. Iaciama.sc, which inactivates 
many cephalosporins, particularly first-generation drugs. In 
addition to this cephalosporituse, many strains of B. /rag- 
iii\ can acquire novel f3~ laciamase* that are characterized 

by greater efficacy against the penicillins than the cephalo¬ 
sporins, fhtc study 1 1 hi sid that sortie strains of B. frags Iii 
could produce lactamases that are capable of inactivating 

cefoxitin and jmipciKtn. two drags that historically have 
been effective for the treatment of anaerobic infection* 

(Tally and CuchuraL 1988) Several of these drains arc, 
however, capable of producing massive quantities of the 

ccphalosporirutse. Although this enzyme does not have 
much specific activity against cefoxitin, the drug is inacti¬ 
vated because of the vast quantities produced. Cefoxitin 


resistance of this nature cam be transferred to other strains 


nl Bmtervides. A study that investigated the emerging 
resistance patterns of ft, fragilis to various antimicrobial 
agents over a 3-year period found that resistance to cefoxi 
on. originally the most active drug against this species, 
doubled in 2 years. 

Bm f'f'Widex species also possess a sophisticated system 

of resistance by which they transfer to both clindamycin 
and tetracycline. In the above-mentioned 3-year study, re¬ 
sistance to clindamycin did not increase, and no organisms 


were resistant to metronidazole or chloramphenicol. Al¬ 
though tetracyclines were the drug of choice for infections 
caused by B. fragitfo in ihe early 1950*. almost 66% of the 

organisms were resistant to ihe drug Variation in anaerohic 
(e.g . ft. frtigifis) resistance patterns have been described 

for different geographic regions. In addition, various pat¬ 
terns have been described based on site of tissue or sample 
collection. One study found that organisms isolated from 
the blood were more resistant to piperacillin, cefoxitin, and 
clindamycin than were the same isolated obtained train the 
abdominal cavity Experimental studies have shown that 
resistance genes can be naturally transferred from ft. /mg- 
/ftjr to t (Wi TTiis finding may have profound implications 
for the treatment of mixed anaerobic/aerohic infections, 
particularly those originating from colonic bacteria. A re¬ 
cent stud) rfeng, 1997) .has documented a 29T incidence 
of resistance of Bacieroidrs to ample Mint in contrast, IUU%> 
were susceptible to amoxicillin, clavulanie acid, and chi of 
amphenicot. and most were susceptible to •metronidazole. 

Only 83% were susceptible to clindamycin. 



The successful treatment of an anaerobic infection depends 

on altering the local environment in a manner designed to 

reduce bacterial proliferation and checking the spread of 
infection into adjacent tissues. The first goal is achieved 
by surgical debridement of dead tissue At the time of 
surgery, pikers nf pus should be drained, trapped gas 
released, and an> obstructions to drainage eliminated. Sur¬ 
gery should also improve circulation to the site of infection, 

w hich will improve oxygenation of tissues. Local spread of 

infection is managed by administration ol on antimicrobial, 
Although the number of antimicrobial* dial can he used lo 
treat anaerobic infections is limited, there are several that 
are effective and safe, 

p-Lactam Antibiotics 

Penicillin G. a natural antibiotic, is the prototype pen kill in. 
The anaerobic susceptibility nf the xemisynthetic amino- 
pemcillins ampkilJin and amoxicillin is similar to that of 
penicillin G. In contrast to penicillin G. they me effective 
after oral administration. Penicillins arc the drug of choice 
for clostridial infections and for Peptt'tfrvpUh writs. They 

arc generally effective against Fiisobacteriiem and Actino- 
mvees. Although the penicillins are; effective against many 
Bactr nudes species, several species, including ft., mrfo- 
ttinagenims and ft. frtigilis. both of which are clinically 
important, art uniformly resistant to most penicillins (Dow f 

1986) with the exception of piperacillin (Tally, HISS), A 
33% rate of resistance by Bticlentides species to penicillin 

G has been reported in veterinary patients. A large percent¬ 
age of these strain?- were also res mam to ample i Urn and 
cepbalothin tHirsch et al . 1985). Jang (1997) reports that 

29% of Bacttfrtides isolates in veterinary medicine are 

resistant to ampicillirt. The efficacy of penicillin (and ceph¬ 
alosporin) antibiotics against ft, fragiiin can be improved by 
combining the antibiotic with clavulanic acid or sulbactam. 

Indeed, Jang 0997) repotted .ill Bactervides isolates to be 
susceptible to amoxiciLlin-cluvulanic acid. Both of these 
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drugs have a greater affinity for fj-laclamases than do the 
0-lactam antibiotics anil prefersnlially bind to and inacti¬ 
vate the bacterial enzyme. The efficacy of amoxicillin 

against B frag Ms is greatly enhanced when combined with 
clavulanic acid (Indivin and Hirsch. 198$) The addition 

of cJavulank add also enhances ibe efficacy of arrmiu’lm 
against several gram-ncgative enteric organisms, which 
may he important factors in the pathogenesis of mixed 

infections. Jang (1997} found 1<K)*S of clostridial organ¬ 
isms to be susceptible to ample ill in compared to 80# of 
isolates that were susceptible to clindamycin. 

The cephalosporins are very similar to the penicillins in 

pharmacokinetic characteristics but may be less efficacious 

against anaerobes-. First-gene rat ion cephalosporins (e.g., 
cephalothm, cefazoJin* and cefadroxil) may be effective 
against many anaerobic organisms, with the exception of 
B fragiits The second-generation cephalosporin cefoxitin 
is, however, one of the most effective antibiotics against 
anaerobic infections, including B. fragilis, although resis¬ 
tance' is increasing as was previously noted. As a second- 
generation cephalosporin, cefoxitin is also effective against 
many gram-negative enteric organisms, which enhances 
its utility for the treatment of mixed infections. Many 

Clostridium species are resistant to most cephalosporins: 
thus alternative antimicrobials should be considered for 

infections caused by these organisms. Currently, piperacil¬ 
lin and cefoxitin remain the- most active 0-lactam antibiot¬ 
ics for the treatment of human anaerobic infections. Be 
cause of the variable nature of susceptibility patterns and 
the unique mechanisms and characteristics of (3-lactams 
exhibited by anaerobic bacteria, however, culture and sus¬ 
ceptibility monitoring of these pathogens in crucial The 
carhapcnems are the newest class of p-lactam antibiotics 
Although their use is limited in veterinary patients, ur.i- 
penem has been shown to be effective against most species 
of clinically significant bacteria, aid is is one of the most 
effective 0-lacmn antibiotics again si anaerobic infections. 


Other Antimicrobials 


Chloramphenicol is (Hie of (he most effective antimicrobial 
drugs against all strains of anaerobic bacteria, including 
penicillin-resistant B. fragilis (Jang, 1997). Its utility, how¬ 
ever. is decreased by its bacteriostatic nature as well as by 
iis tendency to cause adverse reactions, particularly in the 
cat, and concerns regarding human exposure. Clindamycin 

is a Jjncosamidc antibiotic whose mechanism of action is 
similar to chloramphenicol Lite chloramphenicol, it is 

bacteriostatic against anaerobic organisms. Clindamycin i* 

mure efficacious for the treatment of anaerobic infections 

than us parent drug. Jtncomycim Clindamycin is also con¬ 
centrated in white blood cells m the site of infection, which 
is considered to be an important factor in the efficacy of 
'this drug, This is an active, energy process, however, which 
may not occur in the oxygen-deficient environments that 
characterize anaerobic infections. The spectrum of activity 
of clindamycin includes anaerobic organisms It is gener¬ 
ally very effective against most strain!) (83*5t cited by Jang, 

1997) of il frugihs, including those resistant to penicillin 
and is very effective against veterinary isolates of CAu irid¬ 
ium„ Clindamycin is not, however, effective against Clox- 
iridium difficile, and its use may be associated with pscudo- 


inembranitis or ocher gastrointestinal disorders related to 
microbial overgrowth. Clostridium difficile may massively 

increase its exotoxin production in the gastrointestinal tract 
in the presence of subinhibitory plasma clindamycin con¬ 
centrations due to increased bacterial synthesis of exotoxin 
(Atkinson and Lori an, 1998). The use of metronidazole* a 
popular antigiardial drug, for the treatment of anaerobic 

infections in dogs and cats has markedly increased. The 

drug is consistently effective against most anaerobes, in¬ 
cluding II fmgihs as well as most other strains of Barter- 

oides. Metronidazole is also effective for treatment of hu¬ 
man coses of C dtfftcxle It is generally not effective against 
Actinomyces or Propionibactcrium. Its mode of action 
probably results from disruption of bacterial DNA after 
bacterial metabolism to toxic metabolites, 'Hie low oxida¬ 
tion'reduction potential ol the anaerobic environment is 
conducive to bacterial formation of toxic metabolites. 

Vancomycin is the drug of choice for humans for the 
treatment of antibiotic-associated colitis caused by C, diffi¬ 
cile, Its mechanism of action results from inhibition of 

bacterial cell wall synthesis. Thus, its actions are primarily 
bactericidal. Its spectrum includes Clostridium, gram posi¬ 
tive bacilli ( Bacillus* Actinomyces), and Pmpionibacie- 
rmm , 

The sulfonamides can Ineffective against many anaero¬ 
bic organisms Caution should be taken, however, because 
of the patterns of resistance that have been noted for 
veterinary anaerobic isolates. For serious or difficult anaer¬ 
obic infections* sulfonamide use should be based on sus¬ 
ceptibility data. 


SELECTED 



INFECTIONS 


Clostridum tetani 


Tetanus is caused by the ncurotoxin tranosp&smin pro¬ 
duced! by vegetative Cfomndum lemns, a motile, gram- 
positive spore-forming anaerobe (Greene 1998d). Spares 
contaminating an anaerobic site (e.g„ in the presence of a 

foreign body or tissue necrosis) vegetate. The loxiit enters 
axons of local motor neurons, and by retrograde movement 
reaches the axonal body in the spinal cord. Eventually the 
toxin reaches the brain, where it inhibits the release of 
inhibitory neurotransmitters gamma amino butyric acid and 
glycine, resulting in presynaptic blockade for selected syn¬ 
apses of the spinal cord (predominant sitel and brain. 
Clinical signs generally occur within 5 to SO days of wound 
acquisition, although delays of up to 3 weeks have been 
reported. Wounds clutter to the bead are associated with 

more rapid onset of generalized tetanus. Relative resistance 
of carnivores to the toxin may result m signs Localized to 

the wound area, manifested as stiffness that usually spreads 

iv the opposite limb or beyond. Generalized tetanus is 
characterized as extreme muscle rigidity, manifested as a 
stiff gait, difficulty in standing or lying down, and hyper¬ 
thermia. Intracranial signs accompany localized tetanus, 
resulting m hypertonic facial muscles, (eg,, trismus or 
lockjaw) and reflex muscle spasms. Animals have difficulty 
with prehension or swallowing solid food. Dysuria, urine 
retention, constipation, and gas distention are not. unusual. 
Death, when it occurs, usually results from respiratory 
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compromise (Greene. 1998(1). Untreated cases pfyvf 

futul, although n4klu.ru] icsiaiiukte often limit' iJto di?<4rt U> 

localized or mild cases, 

Treatment focuses on antimicrobial therapy in an at- 

tempt to decrease formation of neurotoxin and neutraliza¬ 
tion with antitoxin of any umin nm yet hound to nerve 
tissue. Recovery is slow and progressive, even when anti¬ 
toxin l> administered. The IV route is preferred to the IM 
or SC routes (the hitter’ may require 48 to 72 hours fur 
therapeutic con cent rations to he reached) Antitoxin 
(<20.000 U) should he administered every 5 to 10 minutes; 
the dose should he decreased for larger clogs, Pretreatment 
of anaphylaxis is appropriate; adm mistral ion of a test dose 

(OpI to 0,2 mLi SC or ID may help identify those at risk 
(formation of 4 wheel at the site) Localized injection at the 
wound site 11000 C) may be helpful; likewise, intrathecal 
injection has been shown ex per: mentally to reduce morbid¬ 
ity and mortality in dogs, probably because of better access 

to neurotoxin bound to nervous tissue. Local and systemic 
antibiotic therapy should be used to eradicate vegetative 
clostridial organisms, this reducing the amount of toxin 
released Mctmuida/oto- is superior to penicillin G and 
tetraeve I i nes. 

Supportive therapy fur tetanus includes control of reflex 
spasms or convulsions. Phcnothiazincs (chlorpromazinc 
preferred) combined with barbiturates (pentobarbital or 
phcnobarbital} have been recommended as the preferred 
treatment (Greene* I998dj. Caution with the use of pheno 
thiazincs is recommended for patients with seizures; pheno- 

thiazmes lower seizure threshold and can worsen seizures 
associated with other disorders PhenohiirbUal should be 

administered as a loading dose (12 mg/kg to achieve the 
lower end of the recommended range for epilepsy )„ Glyco- 

pyrrolale should be administered to control bradycardia 
that may occur with the combined use of these drugs. 
Benzodjapines (diazepam) may be useful for controlling 

spasms and hyperexei[ability: methocarbamol is a less ef¬ 
fective centrally acting skeletal muscle relaxant. Dantro¬ 
lene, a peripherally acting skeletal muscle relaxant, may 
be useful for the control of spasticity. Tetanus-induced 
respiratory compromise requires intubation and respiratory 

support. 


Clostridium botulinum 

Botulism in dogs b almost exclusively caused hy type C 
Clostridium hotulmum organisms that release the neuro- 

toxin in a vegetative state iBarsami. 199$). Although re¬ 
leased in the inert form, cleavage by tissue or bacterial 
prole inflses generates the diehuin metal Lopniteinusc ncuni- 

toxin, which is similar to tetanus toxin. Generally, clinical 
signs result from ingestion of the preformed toxin in part: 
I because adult animals generally are resistant to coloniza¬ 
tion hy the organism, although antimicrobial therapy can 
facilitate colonization. The toxin is absorbed by intestinal 
lymphatics as with nutrient proteins; toxin complex ed with 
other proteins appears to protect the toxin from intestinal 
degradation. At the nerve terminal, the toxin prevents the 
presynapric release of acetylcholine by irreversibly binding 
The toxin is characterized by a very high affinity for the 
presynaptic membrane receptors, making it one of the most 


pvwm fear, W Hiis point, lire wiia to suscptiblf to 

inactivation by amuuxin. However, once rixepwMiKdiAied 

endocylosis has moved the toxin into the cell, antitoxin 

activation can no longer occur Of the two chains* the 1 
chain is more likely to inhibit acetylcholine release. Clini¬ 
cal sequelae, evident within hours but delayed for up to 6 
days, include paralysis and degeneration of the affected 
synapse with subsequent lower motor neuron and parasym¬ 
pathetic dysfunction. Death generally docs not occur unless 
paralysis extends to the respiratory tract. Recovery follows 
formation of new terminal axons and neuromuscular junc¬ 
tions with cranial nerve, neck, and forelimb functions gen¬ 
erally returning to normal first. 

Therapy faeuws on supportive care: spontaneous recov¬ 
ery generally will occur in all animals if respiratory func¬ 
tion is not impacted. Antitoxin is ineffective if nerve end¬ 
ings have been penetrated, which generally occurs rapidly; 
however, treatment may he beneficial if oral absorption of 
the toxin iv ongoing, TV pc C annioxi n (10,000 to 15,000 
l, IV or IM) should be administered twice, 4 hours apart 
The antitoxin remains in the system for 40 days, mitigating 
the need foe follow-up therapy, Penicillin or metronidazole 

can be administered it> reduce the intestinal growth of C 
betfviinim. although the efficacy of this practice is question¬ 
able and may be contraindicated if organism death is 

thought to increase toxin release. Neuromuscular potentia 

tors (ami no pyridine, di ami nopyridine, guanidine hydro¬ 
chloride ;■ have not proved effective. 



€. perfringens capable ttf producing an enieroloxin can 

cause severe diarrhea (Greene. 1998c). Bine-mg of the toxin 
to intestinal epithelial cells increases permeability, causing 
Hold and ion secretion, cell death, and sloughing of the 

intestinal mucosa. Sporulalion leading to enterointoxicatiun 
can occur following antimicrobial therapy, increased intes¬ 
tinal pH, dietary alteration, immunosuppression or associ¬ 
ated with viral enteriliv Enlerotoxemia can cause rapid 
death. Very occasionally, clinical signs may occur follow¬ 
ing ingestion of contaminated meat ot as a result of nosoect- 
miul injections. Therapy includes antimicrobials and iotas 
sive fluid therapy. Antimicrobials that arc variably effective 
c nclude metronidazole, ampicill in. amoxk: ilI i n-clav u lanic 
acid, tyloxin, clindoinycin. or tetracyclines. 



PROPHYLAXIS 


The pnophyLuciic use «f ujilibimLcs must be distinguished 

from treatment The presence of infection, or anticipated 
infection after bacterial contamination (i.e., a compound 
fracture; contamination of abdominal contents with intesti¬ 
nal fluid), indicates the need for treatment rathe t than 

prophylaxis. If antimicrobial prophylaxis h to be imple¬ 
mented in anticipation of an invasive procedure (e.g., sur¬ 
gery), the following should serve as a basis for selection: 
The antimiciobial should target the most Likely pathogenic 

organism: adequate concentrations of drug should be at 

the site of invasion before potential contamination; (he 
antimicrobial shnuld either have a Jong elimination half- 
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life w be redoxed during lengthy procedures; the leurt toxic 

drug should he selected: and the duration of therapy should 

be as short as possible (Schimpffet al„ 1989: Um f 1994). 

Prophylactic therapy should not be used indtscrimp 

runt I y in the immunocompromised animal. The granulocy¬ 
topenic patient is particularly predisposed to the develop¬ 
ment of suprain feet ion Suprain faction occurs in 1(191 to 
2m of human granulocytopenic patients receiving empiri¬ 
cal broad-spectrum antimicrobials. Prolonging therapy in¬ 
creases the chance dial suprainfeetion will occur (Schinipff 
ct a]., 19891. Prophylactic suppression of gastrointestinal 
flora is recommended in human patients who are pro¬ 
foundly granulocytopenic for more than 2 weeks Tradi 
tional use of nonabsorbable antimicrobials effective against 
aerobic gram-negative organisms (e.g.* neomycin), and 
drugs that target anaerobic organisms (eg., metronidazole), 
are being replaced by use of trimethoprim/sulfonamide 
combinations or fluonruled quinolones {Schirnpff el al„ 
1989 1 . Trimethoprim/sulfonamide combinations arc more 
palatable and less expensive, yet they art- equally effective 
in preventing infections when compared with more expen¬ 
sive drugs in human critically ill patients. Muon Rated quin- 
ulones allow persistence of anaerobic organisms in Ihe 
gastrointestinal tract, thus reducing overgrowth of resistant 
gram-negative organisms and preventing rapid repcpulation 
and overgrowth of aerobic gram-negative organisms as the 

anti microbial is discontinued. 

Other indications for medical prophylaxis include den¬ 
tistry and prevention of recurrent* chrome infections re.g.. 
urinary tract and skin). The use of antibiotics prophyhe¬ 
lically for these conditions is discussed separately in the 
corresponding chapter. 


SURGICAL PROPHYLAXIS 


* 


Antimicrobial prophylaxis rx defined as the administration 
of an antimicrobial agent in the absence of infection. The 
aim of prophylactic therapy is to reduce the number of 
viable bacteria present in ihe surgical wound to a level that 
normal ho^t defenses cm handle, thus preventing infection. 
Contaminating bacteria can enter the surgical wound from 
exogenous sources or the patient's endogenous flora Exog¬ 
enous sources include surgical equipment, the surgery 
room and surgical personnel Duration of ihe surgical 
procedure plays a role in the incidence of wound infections, 
especially for procedures that hrt longer than 90 minutes. 

Endogenous sources probably play a greater role in 
postoperative infections than exogenous sources. Endoge¬ 
nous sources include sin and mucosal surfaces that are 

transected during surgery Hematogenous spread of bacteria 
may result from overt or occult septic foci or denial manip¬ 
ulations. Such sources should be either eliminated before 
surgery by appropriate iherapeuiic antimicrobial agents or 

avoided b> not combining dental manipulations with sur¬ 
ge ly of body cavities {abdominal or thoracic) or orthopedic 
procedures. 

Antimicrobial prophylaxis is not. a substitute for good 
surgical technique, including aseptic technique and gentle 

tissue handling. Considerations in the ms of antimicrobial 
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prophylaxis are the type of surgery, potential pathogens 
encountered, host competence, and pharmacologic and anti 
bacterial properties of the antimicrobial agent. 

Type of Surgery 

Surgical wounds are classified as clean, clean-contami¬ 
nated, contaminated, in dirty. Clean wounds are made un¬ 
der aseptic conditions, are closed primarily, and are not 
drained. Prophylactic antimicrobial therapy is not war¬ 
ranted for most clean procedures, because bacterial contam¬ 
ination is minor, and the patient's competence helps prevent 
wound infection, Possible indications for the use of antimi¬ 
crobials in clean surgical procedures are when the conse¬ 
quences of infection would be catastrophic (e.g. f total joint 
replacement) or when surgical implants are used. 

Cl can-con laminated wounds include those made in the 
gastrointestinal, genitourinary* or respiratory tract without 

significant intraoperative spillage. Also, clean procedures 
In which a major break in sterile procedure occurred are 
considered dean-contaminated. Clean-con laminated 

wounds may benefit from prophylactic antibiotic therapy* 
and consideration of the following factors seems appro¬ 
priate when contemplating the use of perioperative antimi¬ 
crobial therapy: numbers of resident bacteria encountered, 
amount of spillage expected, and impact of disease condi¬ 
tion on bacterial colonization. Resident bacterial numbers 
vary depending on the site of the tract incised and the 

nature of disease. In the normal gastrointestinal tract, resi 
dent bacteria arc numerous in the oropharyngeal cavity, 
distal ileum, and colon. Number* are normally much lower 
in the distal esophagus, stomach* and most of the small 
intestine. The genitourinary tract above the distal urethra 
has low bacterial populations, normally* The normal tra¬ 
chea .aid bronchi also have relatively sparse flora. Although 
amount of spillage cannot always be predicted preopera 
lively, prophylactic antibiotics are probably indicated if the 
risk of intraoperative spillage seems high, Diseases, iu 
general* tend to modify both bacterial numbers (usually 
increased numbers) and populations (usually more viru¬ 
lent forms). 

Contaminated wounds include those in which there is 

acute* nonpurulent inflammation or those in which gross 
contamination from a hollow vise us occurs. Antimicrobial 
prophylaxis is generally warranted when surgery is per¬ 
formed on contaminated wounds. Also, the presence of 
extensive tissue damage or accumulation of blood within 
wounds may warrant prophylactic drug administration be¬ 
cause bacterial colonization is usually promoted. 

Dirty or infected wounds benefit from irrigation with 
antiseptics. Chlorhexidine (0.05%) is an effective wound 
disinfectant for infected wounds. Use of antimicrobials 
(systemically, topically, or both) is generally indicated be¬ 
fore surgery to treat an infected or dirty wound. Such use 
is, more appropriately termed thernpeuiie antimicrobial 
therapy. 


Potential Pathogens Encountered 

The most frequently encountered pathogenic bacterial con¬ 
taminant* of surgical wounds are Staphyincorrus species 


sr 
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yjiJ E. coil The must com mow skin bacteria are Siuphylv ■ 
(vx'ciu species, although many other organisms may he 
priori" as transient. topical flora. The oropharynx has a 
mixed population of gram-positive organisms (especially 
SUipitxtix-fHTitx species, StrrptfH-iM-cux species, and Aiii/ut- 
myt ( s p\tfgt n e.r), gram-negative organic m s { P ml c us. 
Pasreurrlta. and P* rudffrwmas species and E- coff), and 
anaerobic organisms. The stomach and small intestine have 
very few organisms normally present, while the distal ileum 
and large intestine have large numbers of gram-negative 
(especially E t'oii and Klrhsiettu. Pseudomonas, and Sal 
monrita species) and anaerobic organisms. Potential palho- 

gens encountered in the gem Uni mi on tract include both 

gram-positive and gram-negative organisms (especially 

Sitiph'rfni 4h-rm and Stn>ptfK <n au species. E. roli, and 
Prvieits and Psetutomami* species). Pathogens of the respi 

ratory tract (especially lower respiratory tract) include both 
gram positive organisms iSiaphylacoycius and Slttpmor- 

tm species and A. pyogenes : and gram-negative organisms 
iPwudtmvtKis species, if. a>U\ aiu! KtrbsieUa. PasieurHU^ 

and Entewbacttr species ). 

Host Competence 

Host residence may be compromised systemicoJly or lo¬ 
cally. Patients with systemic immunodeficiency often have 

chronic, recurrent or port wily responsive infections. Pro- 

phylactic antimicrobial therapy is prohahfv indicated fot 
such patients regardless of the surgical procedure to be 
performed. Secondary immunodeficiencies have been asso¬ 
ciated with a variety of diseases, including hepatic or 
renal failure. hyperaiiicnocoriieLsni. diabetes incllilus, and 

neoplasia. Other factors that may impact systemic host 
competence include advanced age T severe malnutrition, 
obesity, immunosuppressive drugs, and splenectomy. 

Local factors ot importance in the maintenance of host 
competence include tissue perfusion and tissue trauma 
Competency of local defense mechanisms may be affected 
adversely by obstruction, neoplasia, ulceration, and hemor¬ 
rhage. For example, the bacterial flora of a stagnant loop 

of jejunum caused by intestinal obstruction resembles thus 
of the normal distal ileum (i.e , large numbers of resident 
bacterial. For the purposes of selecting perioperative anti- 

microbial*, the clinician should accurately assess host com¬ 
petence before the surgical procedure. 


jes, For most antibiotic*. distribution is relatively rapid 

and complete within 30 to AO mmoles after intravenous 
administration. The concentralion of drug achieved in the 

tissue correlates with the concentration of free drug in the 

serum. Highly protein-bound drugs (i.e , little free drug in 
the serum} achieve lower I issue concentrations than do 
weakly bound agent' tc.g . ccfa/olin. gentamicin. and amp- 

kill ml Other factors such as lipid solubility, pit, and local 
environment may also influence tissue penetration of the 
drug. Elimination of most antibiotics is principally via she 
kidneys. The rate of elimination determines what dosing 
interval is selected. Mon: rapidly eliminated drugs require 
more frequent administration Ccfa/ulin. for example. 

should be adininisteted at 2-hour intervals during (he surgi¬ 
cal pFoecdurc to maintain adequate tissue and scrum levels 
The following prophylactic ami biotic regimen seems 
appropriate: an intravenous bolus of drug given 30 to 60 

minutes before incision ti,e„ at anesthetic induction) and 

another bolus of drug given at the completion of the proce¬ 
dure If the surgical procedure lasts longer than 3 hour's, 
an additional intraoperative dose of antibiotic should be 

giver approximately 2 to 3 hours after the initial dose. 
There is no rationale for continuing antibiotic administra¬ 
ti on longer than 24 hours after surgery in (he absence of 
documented infection If infection is documented, then 

therapeutic antimicrobial therapy is initiated. 

The selected drug should be bactericidal for the patho¬ 
gens that arc most likely to contaminate the surgical site 

First-general ion cephalosporins (e.g., cefazolin l are gener 
ally as effective and less expensive than second-generation 
and third-generalion ones. Surgery of the lower gastrointes¬ 
tinal tract may require a more elaborate schedule of pro- 
pin lactic drug administration A second-generation cepha¬ 
losporin teg.* cefoxitin) or an aminoglyemidc/anacmbic 

combination ic-g.. amikacin ami clindamycin or gentamicin 
and amoxicillin 1 should be administered systernically. 

Inappropriate perioperative aniimicrobial use has been 
shown to increase the incidence of complications. Exam¬ 
ples of inappropriate perioperative ami microbial use in¬ 
clude use of antimicrobials tut clean surgical procedures, 
initiation of prophylactic antimicrobials postoperative I y. 
and commuation of antimicrobial administration for longer 
than 24 h^urs. Each of these actions risks the ticcurrence 

of one or more of the following complications reduced 

efficacy, su perm feci ion, selection of resistant bacterial 

pathogens, greater client cost, and a potential for higher 
incidence of drug-associated complications^ 


Pharmacologic and Antibacterial 
Properties 


REFERENCES 


The primary goal to be achieved by administration of 
prophylactic antimicrobial agents h to produce adequate 
concentrations ot antibiotic ai the surgical incision site at 
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The pathogenic fungi affecting humans and animal* arc 
eukaryotes, generally existing as either filamentous molds 
fhyphstl forms) or intracellular yeast* (Table ] l-l| 
fMcGinnU arid Rinaldi., 1996). Dimorphic fungi grow in 

the host as a yeast-I ike form but as molds in vitro at 
room temperature Some fungi (e g., Cwddimrfes immiiis 
Htsmpla %wa, i nd Rh inmparidi um s pec i e s) grow jti* i de 
host cells, dividing into spore* unit) released from the 

veil as ir raptures. Fungal infections differ from bacterial 
infections, in several respects, and pathogenic fungi have 
developed several characteristic * that complicate antimicro¬ 
bial therapy (Bennett, 1990a ami b k For example. Crypto- 
coccus and occasionally Sporvrhrix schenkii produce an 
external coating or slime layer that encapsulates the cells 
and cause* them U> adhere and clump together (Carter aim! 

Chengappa, 19911. The fungal cell wall is rigid and con- 
tarn:! chilin and polysaccharides, which generally precludes 
Gram staining and serves us a harrier to drug penetration. 

The cell membrane is complex and, unlike bacteria but 
as with higher eukaryotes contains sterols (Carter and 
Chcngappa. 1991). In contrast to bacteria, several fungal 
organisms do not produce exotoxins in vivo, and there id 
no conducive evidence that fungi produce endotoxins 
Fungal organisms arc characterized by a Low invasive- 
ness amJ virulence. In fact, most animals will overcome a 
fungal infection. Immunity to fungal organisms appears 
to be cell medimed* although All kit dermatophyte* also 

stimulate antibody production. Factors that predispose the 
patient to infection include necrotic tissue, a moist environ- 


mem, and immunosuppression. Fungal infections can be 
primarily supertick) and irritating te g.* denuatophytoxU) 
or systemic and life threaterung (c. g,* dimorphic fungal 
infections including blastomycosis, cryptococcosis, histo¬ 
plasmosis. and coccidioidomycosis). Fungal oiganisms may 

exhibit an affinity for ccnain tissues, such as the dermato¬ 
phytes for keratin and Histopiasma capsuiaium for macro¬ 
phages. Animals may develop a hypersensitivity to the 

infecting organism (as is often seen in dermatophyte infec¬ 
tions), which can result in a pathologic response to the 
infection as well as facilitate dissemination. On the other 
hand, the Jack of hypersensitivity may also indicate a 
poorer prognosis for recovery (Carter and Chengappa, 
1991). 

Several factor* can lead to therapeutic failure or relapse 
after antifungal therapy (GraybiU, 199ft; Bennett, 1990b)* 
In hwnans, relapsing infections are not uncommon for 
selected Trichaphytan species and for invasive mycoses in 
inimuiiocompromised patients. In die latter group, aspergill 

losts infections are particularly problematic, Several organ 
isms, particularly the superficial pathogens and -systemic 
opportunistic organisms* have a primary resistance to anti¬ 
fungal drug* In some instances* therapeutic failure reflect* 
poor penetration of drag into infected tissues (particularly 
the central nervous system and bone or into those organ¬ 
isms that are encapsulated!. As with bacteria, the pattern 
of fungal disease is constantly changing. The advent of 

acquired immunodeficiency syndrome in human patients 
has been important to the development of new strains of 
resistant organisms* and there remains a continuing need 

for development of new antifungal agents. Finally, toxicity 
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Tail* 11-1. Grouping and Minimum InhrivtQry Concantrition Rangti img/fT«L> of Pathogenic fungi 
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of antifungal* is a common cause of therapeutic failure. 
Because both the ami fungal target organism said the host 

cells are eukaryote, the cellular targets of fungal organisms 

are substantially different from those of bacterial organ¬ 
ism, As u result, antibacltrials generally are ineffective 
against fungal organisms. and. in contrast to ntosi antihac- 

teriaK antifungal* are often toxic or associated with unde- 
ssruble side effects m the host The incidence of side effects 


has limited the number of effective* yet safe antifungal 
drugs available. 

Unlike antibacterial therapy* antimicrobial culture and 
susceptibility testing has not been well developed as a tool 
lor t hr treatment of fungal infections In vitro susceptibility 
testing of antifungal agent* is highly dependent on test 
conditions, and interiaburatory results vary markedly. Inter¬ 
pretation of culture and susceptibility data is Limited by a 
lack of standardized testing methods. As with bacteria, 
the minimum inhibitory concentration (MIC) for a fungal 

organism is the concentration of the antifungal drug that 
inhibit-’, the growlh of the fungus under standardized condi¬ 
tions {see Table 11—1). Ihe minimum lethal concentration 
is die concentration that kills the organisms fMcGinnis 


and Rinaldi. 1996). Correlation between MIC and clinical 
response is poor, and assessment of antifungal agents ap¬ 
pears to be best accomplished through efficacy studies in 

animal models, Fortunately, the need for fungal culture and 
susceptibility testing may not be as critical for fungal 
organism* as it is for bacterial organisms because* with the 
exception of 5-fluey tushie, fungal development of rests 
tance to antimicrobial therapy is not common {Grant and 

Oissold. 19891. Resistance is more likely with a rapidly 

growing organism exposed to high concentrations of an 
antifungal for a Jong period of time (McGinnis and Rinaldi. 
1996b Mechanisms of resistance of fungal organisms are 
similar to those of bacterial organisms. The advent of 


newer antifungal agents and resistance among fungal or¬ 
ganisms is. however, likely to cause in vitro resting of 
antifungal* to become more important to therapeutic nie¬ 
ce vs. 

The primary agents used to treat fungal infections are 
the polyene macrolides (amphotericin B as the prototypeh 
the azotes {kdoconazole as (he prototype), and the newer 
allylaniine antifungals. Flucytosine lias a role of lesser 

importance in the treatment of dimorphic fungal diseases, 
particularly in animals GriseofuWin belongs to no “group' 

yet has an important place in the armamentarium against 

dermatophy tosi v As recently as 1988. die treatment of 
systemic fungal infections in humans emphasized the use 
of amphotericin B. ketoconazole* and flucytosine. In the 

decade that followed* further development of the azole 

derivatives has led to a new age in the treatment of sys¬ 
temic fungal diseases. Currently* antifungal therapy is most 
effective when based on an. understanding of the iherapeu 

ne ratio ol the drug m the infection being treated. For 
amphotericin B, this ratio tends to be small because of its 
toxicity. The newer azoic derivative* have proven to pro¬ 
vide much of the efficacy of amphotericin B without its 
toxicity. 


POLYENE MACftOLlDE ANTIBIOTICS 





Examples of polyene (Le., multiple double bond; Fig 11 -1) 
antifungal drugs include amphotericin B. nystatin, and pi- 
msricin. Each antibiotic is produced by a different species 
of StrepUimycrs {family Actinomyces)* Amphotericin B 
was developed in the I960* and was so successful in 





A rticrupculiu& AppruaiJi 



OH OH OH OH OH OH 0 



NH 2 




Kslooonazota 



S-Fkjorocytoane RraconuoM 


N N 



Griseofutvin 

Figure 11—1 Chemical slnjcturcx of selected antifun^l drugs 
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fulfilling the need for a broarT&pectrum antifungal thuil 
further advancement of antifungal therapy was Largely ig¬ 
nored- These drugs arc very large molecules consisting of 
a macro! idc containing a large lactone dug.. The polyene 
contains many double bonds and represents the lipophilic 
portion of the molecule, A hydroxylated hydrocarbon back 
bone represents the hydrophilic portion of the molecule 
These compounds are insoluble in water and are unstable, 
and they will rapidly decompose if exposed to sunlight. 

Mechanism of Action 

Polyene mac to] ides bind with the sterol portion of the 
phospholipids comprising the fungal cell membrane. Am¬ 
photericin has a much higher affinity for ergoslerot, the 
major sterol component of fungal cell membranes, than for 
cholesterol, .the major sterol in mammalian cell membranes 
(McGinnis and Rinaldi, 1996). The interaction of the drug 
and the sterol results in the formation of channels or pores 
in the cell membrane. The result is an increase in cell 
permeability Altered K + /H ■ exchange results in the loss 
of K and Mg ; v from the cell. Cellular metabolism is 
disrupted; internal acidification of the fungal cell and the 
loss of important organic molecules from the cell result in 

irreversible cell damage f Fig. 11 2), The. efficacy of some 
of the drugs can be related to their ability to bind to 


ergosterol. Amphotericin is fungistatic hut can be fungi¬ 
cidal M. high concentrations. At high concentrations, line 

drug directly disrupts the fungal cell membrane. As with 
some other select antifungal drugs, amphotericin appears 
to have same immunoroodulating characteristics. Both but 
moral and cell-mediated Immunity may be enhanced, thus 
increasing the host’s ability to overcome infection 



Despite the advent of the azole antifungal drags, ampbotcr 
rein U remains the imosi effective agent against most of the 
major fungal pathogens. The indications for amphotericin 
therapy include most systemic fungal diseases including 
those caused by the dimorphic fungi (histoplasmosis, blas¬ 
tomycosis, cryptococcosis, and coccidioidomycosis > and 
disseminated sporotrichosis, phycomycosis, aspergillosis, 
and candidiasis. Amphotericin B has greater activity 
against some organisms (e.g„ Candida and Asptrgillus 
species and coccidioidal meningitis) than the newer azoles 
and particularly fluconazute. Amphotericin 8 is not effec 
tive against dermatophytes. 

Resistance 

The incidence of resistance to amphotericin B is low and 
has been documented primarily for Candida. The develop- 
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meni of resistance may be related to change* in the number 
of sterol components in the fungal cell wall. The azole 
derivatives may contribute to amphotericin B assistance 
by preventing the formation of ergosterol. the target of 
amphotericin B (McOinms ami Rinaldi, I99fi), 

Amphotericin appears to act synergisucalh with the 
following: 5-flucytosine against ci^ptococcosis, tetracy¬ 
clines against coccidioidomycosis, and imidazoles (see 
later) for a variety of fungal disorders, The use of syner¬ 
gistic combinations may enhance efficacy while reducing 

the potential of toxicity. 


Pharmacokinetics 

Amphotericin is not water soluble and thus is not bioasaita¬ 
ble after oral administration. It is more than 90‘S bound 
to circulating serum lipoproteins (including cholesterol). 
Penetration into the pleura, peritoneunL inflamed tissues, 
cerebrospinal fluid (CSF), and aqueous humor may re*ult 
in a drug concentration two thirds of that in the plasma 
The metabolism and excretion of amphotericin is not well 
characterized and is complex, being complicated by bind¬ 
ing to cholesterol, which is structurally similar to ergosteral 

(Fig. ! I -3) Biliary elimination may be the primary method 
of excretion (in people, only 3% of the drug is eliminated 
in the urine): however, concentrations are detectable in 
both bile and urine lor up to 7 weeks in human patients. 


Prepare tions 

Because amphotericin is unstable, it is prepared a* a lyophi- 
tized cake form. DcoxychoJaie (bile salt) is added to aid 
solubilization of ihe drug, which, when reconstituted, is in 


a colloidal suspension The drug should be administered 
only intravenously, with exceptions for localized treatment 
in selected body tissues or fluids (e.g, aqueous humor, 
CSFl. For small animals, w hich do not require a complete 
vial, the reconstituted drug can be divided into smaller 
aliquots and frozen. A topical preparation is also available 

in cream, lotion, and ointment forms. 

Side Effects 

Nephrotoxicity is the major toxicity associated with the use 
of amphotericin B. Renal function becomes impaired in 

more than H09F of patients receiving amphotericin (Benson 
and Nahata, WXK; Bennett. 1990aI. Renal toxicity depends 
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i. <n total cumulative dose and duration of therapy Although 

renal function usually ret mm to normal before completion 
of therapy. some residual damage often persists after dis¬ 
continuation of lie drug. ‘Two mechanisms are important 
in renal toxicity. Intense arterial vasoconstriction occurs 

u ithin 15 minutes of administration and lasts 4 to 6 hours. 

The mechanism is unknown but can lead to acute tubular 
nephrosis secondary lo ischemia. Distal renal tubular toxic 
effects cfvu.lt from bind mg of membrane cholesterol in the 

tubular cell membrane (see Fig, II-2). Altered electrolyte 


fluxes result in acidification abnormalities (metabolic aci¬ 
dosis), hypokalemia* and concentrating defects (polyuria/ 

poJydypsiaK 

the loxicily of amphotericin may hi? enhanced with 
catabolic drugs such as glucocorticosteroids. aniinenplavtic 
drugs, antiprostagUndins <glucocorticoids ami nonsteroidal 
anti-inflummaiory drugs i, and other nephrotoxic antibiotics. 

Acute anaphylactic-type reactions such as vomiting, fever, 
and chills can occur with the use- of amphotericin 8, Up 
to W® of dogs receiving amphotericin B develop fever 
f Legendre, 1984) The frequent incidence of these reactions 
often leads to preireatment for anaphylaxis (one time use 
of n short-acting glucocorticoid docs not enhance the toxic¬ 
ity of amphotericin B: sec discussion of "cocktail" in 
the following section). Other side effects associated with 

amphotericin B include nausea and anorexia* thrornbophlc• 

bills* cardiac arrhythmias and related toxicii-res* hepatic 
dysfunction, and central nervous system signs (if given 
intrathecal ly i, Several side effects can be avoided by proper 
treatment (see following discussion of therapeutic use). 


Therapeutic Use 

Amphotericin is usually administered intravenously over 4 

to A hours in a "cocktail" designed to reduce nephrotoxic • 
ity Doses, frequency of administration. concomitant ther¬ 
apy, and duration vary, wilh no protocol being superior to 
others. Some literature supports rapid intravenous (IV) 

administration (bolus) in less debilitated dogs; slow IV 

administration might be more prudent in cats. A dose (0.25 
to 0.5 mg/kg) can be diluted in 300 to 1000 mi, of 5% 
dextrose and administered in an indwelling catheter over ? 
to 6 hours, or it can be diluted in as little as 10 to Ml mL 
and' given over 2 lo 5 minutes through a butterfly catheter 
(Greene, 1990). The slaw infusion method has the added 
advantage of additional fluids, which may reducc the inci¬ 
dence of nephrotoxicity (Rubin et al.. 1989), especially in 
debilitated animals, ill is recommended that the small bolus 
be preceded or followed up with supplemental fluid, prefer¬ 
ably normal saline.. 

The sequence of repetitive treatments is also controver¬ 
sial: Sonic auUKirx recommend alternate-day therapy, while 

recommend daily therapy at a smaller dose Doses 
also vary. Daily doses range from 0.15 to 0.5 mg/kg every 
other day (on Monday. Wednesday, Friday) until a cumula¬ 
tive dose of 1 to 1- mg/kg (depending on the organism or 
if therapy tv combined with another antifungal) has been 
reached. Starting at a low dose ((1,15 to 0,25 mg/kg) and 
gradually increasing the dose until the desired daily dose 
has been reached may reduce the severity of side effects. 


For particularly resistant infections* a dose of l mg/kg has 

been used on an alternate-day basis. 

Urine sediment initially should be monitored for evi¬ 
dence of nephrotoxicity. Serum chemistries lend (o be less 
sensitive indicators of nephrotoxicity. Hie drug should be 
temporarily discontinued (24 to 48 hours) if the bktod 
urea nitrogen becomes abnormal (Green. 1990), Localized 

mycotic infections have been treated with localized admin¬ 
istration of amphotericin, which may reduce the incidence 
of nephrotoxicity: Subconjunctival, intravitrcal* intrathecal, 
intnuusol j human aspergillosis: 5 mg/ml in water adminis¬ 
tered as aerosol), and imraperitoneal routes, have been re¬ 
ported Oral administration has been used for treatment of 

gastrointestinal candidiasis and presumably might be used 

for other gastrointestinal fungal: disorders (Stevens, 1996). 
One report of an uncontrolled clinical trial describes the 
successful and apparently ^afer administration of amphoter¬ 
icin B after two lo three times weekly subcutaneous admin 
iteration (0,5 to 0,8 mg/kg diluted in 400 to 500 mL of 
fluid such that amphotericin B is less than 20 mg/L) for 
several months for treatment of cryptococcosis in dogs and 

cats (Malik et iL, 1996) However, only five successful 
cases were described, and further confirmation should be 

expected before this route is routinely embraced. 

Three strategies may help reduce lox (cities to amphoteri¬ 
cin B. The first is pretreatment (to prevent vomiting, fever, 
chills, and anaphylaxis) wilh antihistamines (diphenhydra¬ 
mine 0.5 mg/kg, IV) and short-acting glucococticosterokte 
fe.ghydrocortisone sodium succinate, 0,5 mg/kg* IV). 
Because anaphylaxis appears to be associated with direct 

most cell dcgranulation (due to the canonic nature of am¬ 
photericin B). pretreatment wilh a small test dose (0,1 mg/ 
kg for cats or 0.25 mg/kg for dogs) may help detect animals 
that are likely to have an adverse reaction during infusion 
Second, pretreatment with sodium-containing fluids is par 
ticuLarty important for preventing renal toxicity* including 
that associated with renal arterial vasoconstriction* I he 
third strategy ix administration of amphocericin diluted in 
5% dextrose with mannitol <0.5 mg/kg} to maintain glomer¬ 
ular filtration rate and sodium bicarbonate (I to 2 mg/kg) 
to prevent cellular acidification defects. Tile mannitol and 

sodium bicarbonate should not be added directly to the 
amphotericin B solution but given through another catheter 
in order to avoid precipitation of amphotericin B. The 
ability of “cocktails” to prevent nephrotoxicity is contro¬ 
versial* but mosi investigators agree that such cocktails are 
not harmful as long as 'the solutions are not mixed with 
amphoteric in B . Amphoteric id should not be mixed with 

solutions containing electrolytes* addle solutions, or pre¬ 
servatives, a* these materials ma) cause drug precipitation. 
The rate at which amphotericin B is administered may also 
reduce the incidence of nephrotoxicity. 

More recent attempts to reduce the incidence of rtephro- 
toMcity of amphotericin i have centered on specialized 
delivery systems (in li pills | that are designed lo deliver 
more drag selectively to the site of infection (Lccndcr* and 
dr Marie* 19%), A Liposomal earner system (LAMB) has 
been developed for the administration of amphotericin B 
and other polyene aniibiolics (J ultimo et al.. 1992), Drug 

uptake hy ibe hepatic and splenic macrophages and in 
inflammatory tissues is enhanced because of the phospho¬ 
lipid vesicle. Some studies have shown that amphotericin 
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B ;b selectively transferred from liposomes to fungal but 
not host ceil membranes. Prolonged antifungal activity 
(campared with nonUposomal preparations) have been doc 
umented for these preparations. These products appear to 
be equal in efficacy to nonliposomal products, but safer 
with regard to nephrotoxicity. They tend to be very expert* 

save. One study reports the efficacy and safety of a liposo¬ 
mal product when used at higher than recommended cumu¬ 
lative dines for treatment of canine bJastomvcosis (Krawiec 
ei a!., 19%). 

Amphotericin B is also being prepared in various fat 
emulsions (cholesterol sulfate (Amphocil), lipid completed 
| Abe led]), again in an attempt to decrease nephrotoxicity. 
Liposomal and Lipid emulsion products may be more likely 
than nonlipid products to cause vomiting, nausea and phle¬ 
bitis (Greene, 1998). In contrast to liposomes, fat emulsions 
are easy to prepare and administer and are thus more cost 

effective. In one study, however, although the products 
were equally efficacious, the degree of nephrotoxicity be¬ 
tween a fat emulsion and standard amphotericin B was no 
different (Randall c* ah. 19%). Further studies document¬ 
ing the efficacy and safety of Liposomal or fat emulsion 

products containing: amphotericin B are needed. 

Finally, *s previously discussed, alternative routes of 
administration for amphotericin B should be considered. 
Amphotericin B can be mixed in sterile water to 200 mp 
kg and infused into the bladder for fungal cystitis. For 

fungal In feel ions of the central nervous system, the drug 

can be given '0,2 to 0.5 mg in either 5 ml «if CSF or 10 C T 

dextrose| intrathecal Ey funder general anesthesia) two to 
three times per week. (Greene, 1990). Combination antifun¬ 
gal therapy also is strongly encouraged in order to enhance 

efficacy and thus decrease the duration of antifungal expo¬ 
sure to the hosl. 

IMIDAZOLE DERIVATIVES 

Structure-Activity Relationship 

The azole derivatives (imidazoles and in azotes) include a 
Urge number of predominantly synthetic drugs. These 

drugs consist of a five-member ring with other aromatic 

rings attached via a carbon nitrogen bond. Imidazoles con¬ 
tain two nitrogen atoms; muzules contain three (see Fig 
U-11 (Cleary, 1992a and b; Bennett, 1990a and b, Benson 
and Nahata, 1988: Posko, 1990 k Examples include ketuco- 
nazole (the prototype), miconazole, clotrimazole, and thin 
bendozole and the newer drugs fluconazole, itraconazole, 
entlconazole, and tereonazole. These compounds are not 

generally available as solutions because they tend to he 

insoluble in water fan exception is fluconazole i. They are, 
however, soluble in organic solvents such as propylene gly¬ 
col . 

Mechanism of Action 

As with amphotericin, the antifungal .n uvity of ketneniia- 

zole derivatives is through interference with the fungal 
sterol ergosterol The imidazole derivatives do not, how¬ 
ever, bind to crgosten.il but block its synthesis via inhibition 


of fungal cytochrome P450 enzymes, Oil membrane fluid 
ity decreases us cell permeability increases, resulting in a 
fungistatic effect (fluconazole arid ketoconazole I At higher 
concentrations, these agents also interfere with physio- 
chemical intracellular processes of (he fungal organism 
resulting in fungicidal effects. Because of their ability to 

generate and detoxify intrate ! Iulur hydrogen penonde se¬ 
lected drugs also express antibacterial, antiprotozoal, and 

anthelmintic activities, The imidazoles are also character¬ 
ized by immunomodulatory effects, which may facilitate 
effective therapy. Because their mechanism of action de¬ 
pends on cell wall synthesis, the onset of action of the 
imidazole* may result in u lagtime jo therapeutic efficacy. 
In addition, a long elimination half-life of some members 
of this class (c.g-, itraconnzok) results in a lagtime as 
steady-state concentrations are achieved. 



Although ilk’ imidazole ik-m alive s are more selective in 

their cellular activity than amphotericin B (fie, impairing 
The synthesis of raiher than binding to ergostcrolfi their 
spectrum of activiiy is broad and include^ the dermato¬ 
phytes {" ringworm"': miemsporum and tnchophytm spe- 
cits), yeasts, dimorphic fungi (blastomycosis, histoplasmo¬ 
sis, cryptococcosis, coccidioidomycosis), fumyier?s. 
Artinttmym and some Phynmycrtes (Grant and Clissold, 

1989; Ben&on and Nahata. 1988; Bennett. 1990a and b; 

Greene, 1990; McGinnis and Rinaldi, 19%; Van Custom 
cl afi, 1987). The efficacy against these organisms varies. 
Studies comparing the efficacies of the azoles in animals 

are limited at the lime of this publication, although several 
are pending in the human literature. 

In general, itraconazole and fluconazole are more effi¬ 
cacious against many organisms than ketocnna/nle Keto- 
conazote has been used effectively for dermatophyte infec¬ 
tions, mucocutaneous candidiasis, and many systemic 
mveoses such as blastomycosis, histoplasmoxis, and crypto¬ 
coccosis in both dogs and cals, Keloconazok should proba¬ 
bly not be used done for treatment of canine blastomyco¬ 
sis; recommendations are to use amphotericin in addiiion 
to keioconaxolr. Ketocnnazote has little efficacy (4 '%) 

again si Axpergilhsi* species. Hucnna/ok ihITc efficacy) 
appears to be less active than iiracona/ule (fiCTr to 70% 
efficacy) against this organism. For itraconazole, efficacy 
against Aspergillosis is better than that clinically recog¬ 
nized for any other agent, although treatment failure rales 

of up to 50% have been reported for itraconazole. In 
animals, administration of itraconazole at a rate of 5 mg/ 

kg twice daily is efficacious » the treatment of blastomyco¬ 
sis and histoplasmosis. The efficacy of itraconazole against 
coccidioidomycosis, is equi vocable, requiring long-term 
therapy Relapse of disease appears to be common. 

In vitro MIC dim* regarding the relative susceptibility of 
selected organisms to itraconazole emphasize the variable 
susceptibility of fungal organisms to these drugs. For itra¬ 
conazole, the reported MIC*, concentrations include 0.13© 
pg/ml. for Rfastomyrfs species and Afptrgiltu* ftunigatH%> 
(1,63 pg/mL for Cryptococt uj neuformun* and Hiitopiasma 
mp suits turn, and 0.4 p.g/mL for Spvrothrix stht nckii. For 

dermatophytes, the MIC*! concentration for Miemsporum 
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specie* is 750 |j,g/mt. and tor Trichophyton species* 4.0 ju.g/ 
inL, Despite the larger MIC for dermatophytes* however* 
itraconazole at 1.5 to 3.0 mg/kg every 24 hours was effec¬ 
tive in H of 15 cat* in tme uncontrolled clinical trial for 
treatment of dcmiotophytosts (Mandali et aL, 1998). Fur 
other Eumytifs, MIC*, conceniratiom range from 0.130 
pg/mL to more than 128 jxg/mL (Borgers, 1987: Grant and 
fiissold. 1989). 

Fluconazole has been used successfully to treat ketoco- 
nazolc-resistant strains of Candida. Equal efficacies of itra¬ 
conazole find fluconazole have been shown for cryptococ- 
cal meningitis, despite relatively poor penetration of the 
CSF by itraconazole. Both are equally effective in Candida- 
induced pyelonephritis. Newer azoles are likely to prove 
yet even more efficacious than fluconazole and itraconazole 
for the treatment of aspergillosis arid coccidioidomycosis. 
Comparison between kctoconajole and fluconazole reveals 

fluconazole to be more active against coccidioidal meningi¬ 
tis. 


Some grant'positive bacteria te.g., Stapiiyt&cnrcus spe¬ 
cies i and anaerobes are also susceptible to these imidaz¬ 
oles. Cutaneous infections by Leishmania species .are clini¬ 
cally susceptible to Ic loc on azoic ( Hart et aL, I9B9F 

Ketoconazole and., presumably, other azole anti fun gals 
have synergistic antifungal activities with 5-flucytosine 
against t andida and C'ryptococats and with amphotericin 
against a variety of organisms. 

Clotrimazole and miconazole are common drugs used 
topically for treatment of dermatophytonLs (eg., Conofite) 
or yeast i.e.g . otic preparations such as Otomax). Thiaben¬ 
dazole is an azole antifungal that has been used (10 to 
20 mg/kg orally every 12 hours) for aspergillosis (nasal, 
topically* and orally) and penicilliosis (efficacy 43% i, For 
these infections it has largely been replaced by the newer 
azole* although it continues to be the antifungal compo- 

n-eni of some combination topical products targeting prin¬ 
cipally yeast le g-, Trcsadcrm). 



Oral absoqition of the imidazole derivatives varies with 

the drug Euai among animals For many drugs, oral prepara¬ 
tions are not available. Fat example, enilcortazole (uni- 
zalil) is not orally bioavail able. For other imidazoles, the 
rale of absorption vanes from I to 4 hours. Oral absorption 
often depends on gastric pH. product preparation, and the 
presence of other drugs (Hardin, 1988). Absorption of 
itraconazole and ketoeonazole is enhanced by gastric acid¬ 
ity; these drugs should be administered with food (Van 

Peer et al., 1989). Alkalimzing drugs administered orally 
will decrease their absorption. Peak plasma drug concentra¬ 
tion* of itraconazole occur between 1 to 5 hour* in cats 
and (.logs. Bioavailability of capsules ss approximate!y 20^ 
in clogs and may be as little to 10% in vMs comparer w iih 

close to 50% for the solution in cm and dogs (Boothe et 

al.. 1997; Heykants et al., 1987). Decreased hioavatlabilily 
may lie responsible tin" therapeutic failure associated with 
low plasma drug concentrations in some animals reats 
and dogs i. Fluconazole is characterized by the best oral 
hioavna3ability among the imidazoles, being complete!) ab¬ 
sorbed in cats (Voden el al-, 1997k 


Distribution to tissues also varies among the imidazoles, 
Keioconazole is up to 99% protein bound; the highest 

tissue levels occur in the liver, lung, and kidney (and 
cerumenL Itraconazole is also very tughl) protein bound 
io human* (Bennett, 1990a). There is minimal penetration 
of the CSI- by ketoconazok, although fluconazole penc 
(rates the CSF well, with serum to CSF plasma drag con 

centralis s ranging from 0,58 to 0.89 p.g/mL. The volume 
of distribution of ketocorwok is only 0 87 lAg in dogs 
compared with 17 L/kg for itraconazole in dogs (Heykants 

et ah* 1987) and 5 LAg in cals (Boothe et al- 1997). The 

volume of distribution of fluconazole is 1.(4 LAg in cats, 

vi i Eli high concentrations occurring in the CSF and aqueous 

humor (Vadeti et al.* 1997), The difference in distribution 
volume reflects, in part,, distribution and accumulation to 
fat (Hrykants et al., 1987), Drug concentrations of itracona¬ 
zole in the skin may exceed that in plasma by 3-fold to 
KMbkl. with drag detectable 2 to 4 weeks after therapy is 
discontinued (Heykams et al. 1987). Although distribution 
of itraconazole to (he CSF appears to be limited, therapeu¬ 
tic concentrations appear to be achieved ip patients suffer¬ 
ing from cryptococcaJ meningitis. Among the azoic dcriva 

lives, fluconazole has the best tissue distribution partem 
and can achieve effective concentrations in CSF, 

With the exception of fluconazole, the azole derivatives 

are eliminated by extensive oxidative (cytochrome P450) 
metabolism with excretion as inactive metnliolties into the 
bile and urine. Metabolism may he dose dependent; elimi¬ 
nation rule constants are lower and hatNives are longer at 
higher doses and with longer therapy. In contrast to tike 
other imidazoles* fluconazole is eliminated principally 
(70%) in the urine. The half-life of the imidazoles varies, 
u ith- that of kctoconazole being relatively short (l ,4 hours 
in dogs). Fluconazole and itraconazole have longer half- 
lives. ranging from 22 to 32 hours in people* 51 hours in 
dogs (itraconazole)* and 25 hours in cats (fluconazole) 
(Vudcn et aL. 1997) and 40 to 70 hours in cats fitracona 
zoic) (Boothe et. al., 1997), The longer drag elimination 
half-life must be taken into account because' it results in a 
longer time to steady-slate concentration and maximum 

therapeutic effect. 


Preparations 

Kctoconazole, itraconazole, and fluconazole are available 
for oral administration. Solutions are available for some 
products fe g,. kctoconazole). but their safety has not been 
documented for animals The solubility of imidazoles is 
poor and potentially toxic: solubilizing agents may be the 

cause ol adverse reactions. Cals appear to tolerate a single 

5 mg/kg dose of itraconazole IV with no adverse affects. 

although this product is not commercially available. Clotri¬ 
mazole and miconazole are recommended only for local¬ 
ized dermatophyte or yeast infection* susceptible to topical 
treatment. Clotrimazole has been used topically to treat 
nasal aspergillosis. Thiabendazole is available as a topical 
preparation (and to a drench intended for anthelmintic 
therapy). Enilconazole is a topically effective azole that 

has been us*ed to treat nasal aspergillosis but is available in 
the United States only as a 13.8% poultry dip. It is avail¬ 
able in Canada as a 10% solution approved for use in dogs 
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and horses, "flic poultry dip has been used topically in the 
United Stales m a dilution of 1:50 in water in dogs and 

cats with no apparent adverse effects. Teicotiazole is a new, 

topically active triazole that apparently has not yel been 

used for animals. 

Drug interactions and Side Effects 

Because ihc azoles interfere with synthesis of ergosierol 
rather than binding the stem], die host toxicides typical of 
those induced by amphotericin do not occur ( Van t auierem 
1987), Gastrointestinal toxiciftes are the most common and 
are not severe 4 Benson and Naha la, 1988; Bennett, 1990a 
and b; Greene, 1990; Legendre et al.. 1996; Manciaii et 
ah, 1998), Nausea and vomiting can usually be avoided by 
administration of the drug with food, !lepatotoxicily with 
ketoconazole has been reported in humans. Isolated cases 
of hepatotCKicity have been reported with itraconazole and 

fluconazole. A dose dependency has been documented in 

ottc case with fluconazole. Patients with impaired liver 
f unci ion may be predisposed to worsening hepatic function 

induced by the azole antifungal drugs. The occurrence 

of liver disease in animals treated with itraconazole is 
Controversial. Cats receiving 5 and 10 tug.,'"kg twice daily 
showed no adverse effects (including weight loss) after 
receiving itraconazole for 6 weeks (Boothe et ah t I997|. 
One case of cutaneous drug eruption typical of erythema 

mu 19forme caused by itraconazole has been reported in a 
dog t Plot nick et at.* 1997 ); idiopathic vasculitis has also 

been reported (Legendre cl &L 1996>. Nausea, smiting, 

skin rash, thrombocytopenia, and hypokalemia have also 

been reported with fluconazole therapy. 

Because ihe efficacy of the azoles depends on interac¬ 
tion with cytochrome R450 urn oxidative enzyme responsi¬ 
ble for drag metabolism), drug interactions at the level of 

metabolism should be anticipated, Ketoconazole uihibits 
microsomal enzymes, whereas ekHnmazolc is a potent in¬ 
duce r_ The use of kctocouazolc therapeutically to inhibit 
the metabolism of cyclosporine—thus allow ing a dose re- 

druction of cyclosporine- -is addressed in Chapter 19. Keto- 
conazolc interferes with -sex. hormones and corticosteroids 

by displacing them from globulins and perhaps by interfer¬ 
ing with their synthesis. As a result of its effects on steroid 

synthesis, keioconazole has been used to treat hyperadreno- 
oortiuMU and to impaii testosterone synthesis in patients 
with pro static hypertrophy or prostatic cancer. Kdocona- 

zoic has caused lightening of the haircoat of some dogs 

(Willard, 1986a) Willard reported depressed basal cortisol 
and Icslmteroue concentration:; and ACTH response by 

cortisol pi ?() mg/kg/day A rebound response w.is seen 

after ketocunazule was discontinued. Serum progesterone 
concentrations were also decreased. Aldosterone was not 

decreased. Cats receiving 30 nig/kg/day for 30 days devel¬ 
oped dry hair coal and weight loss but no changes in 
testosterone or progesterone concentrations (Willard, 

1986b). Itraconazole also inhibits cytochrome P45D en¬ 
zymes (Bmschcr, 1987; De Coster, 1987}. Although itraco¬ 
nazole clinically is not generally recognized to inhibit drug 
metabolism, change* in the elimination half life have been 

documented in cats receiving long-term therapy (>6 

weeks). 


Among the imidazoles, itraconazole and fluconazole are 
being nsec more consistently than the others for systemic 

treatment of susceptible fungal infections. The efficacies of 
selected fungal agents are discussed later. Keiaconazok has 
been reported to be effective ireaiment of dermaiophytosis 

(Medleau and Chalmers, 1992; Mundell. 1990}. blaslomy- 

com> (Dunbar et al,. 1983), histoplasmosis (Noxon et al.. 
1982). eoccidioidomycosis (Malik et al., 1992), and crypto¬ 
coccosis INoxon et al.. 1986). For Ur aeon azole (Tucker. 
1988}, conditions successfully treated include blastomyco¬ 
sis ■ Leg endre a a I. t 199 61 (including ocu I ar | B roti k s 
1991]), histoplasmosis (Hodges et al . 1994), cryptococco¬ 
sis (including meningitis) (Medleau 1990, Medleau el ah, 
1995},. sporotrichosis (Pfeaston. 1993k aspergillosis (Leg¬ 
endre. 1995k dermatophytosis (Manciati et al.. 1998), der- 
maiuphvtic pseudomyceiomas (DeBoer et al., 1995; Med¬ 
leau and Rakich. 1994), phaeohyphomyewis (Michaud. 
\ 993 k and cutaneous Afantaria (Simons 1993). 

The dermatologic pharmacokinetics of itraconazole sup 

port pulse therapy, which has been used in human medicine 
for treatment of selective dermatologic fungal disorders. 

Treatment occur* for two consecutive weeks of daily ad¬ 
ministration each month for three consecutive months 
(Gupta! et al„ 1997k One report of itraconazole used to 
treat dermatophytosis reports similar success with this tech¬ 
nique (Maw ] at i et al., 1998). There are few reports regard¬ 
ing the efficacy of fluconazole for treatment of fungal 
infections in animals; infections that have been treated 
include hlastomycosis (Hill el al., 1995), cryoptocoecosis 
(Malik et a) (992). and nasal aspergillosis (Sharp et a). 
1991), Efficacy has* however, been demonsratal toward a 

variety of fungal disorders in humans. Pulse dosing (once 

weekly) of fluconazole also has been described for treat¬ 
ment of skin infections m people bn ikon azote has excel¬ 
lent 'in vitro activity against a number of organisms, but its 
topical use is limited to dermatophytes and nasal aspergillo- 


5-Flucytosine (FLU; 5-flooixx:ytosine) was originally de¬ 
veloped a* an omicancer drug much the same as its sister 
announcer drug, 5 - fl uorouracil. It is a water-soluble pow¬ 
der. 


As an antimetabolite, FLU interferes with DNA synthesis 

■F 

after its conversion to 5-fluoruumcLL, a substitution com 
pound that prevents synthesis in the fungal cell (Benson 
and Nahata, 1988; Bennett, 1990a and b). The enzyme 
responsible for conversion (o 5-flunrouracil, a cylosine 
deaminase, is not present in mammalian cells. Ruomuraci! 
undergoes additional metabolism before its inhibition of 
thymidylate synthase and DNA synthesis. Flucytosine is 
fungistatic and has no antibacterial activity. Many organ- 
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ivtns arc resistant to FLU because they Jack 'he permease 
enzyme or other enzymes responsible for FLU lurtivity. 
Resistance develops relatively rapidly* particularly for cryp¬ 
tococcosis and candidiasis Use in combination with an¬ 
other antifungal agent reduces the development of resis¬ 
tance . 


Spectrum of Activity 

The spectrum of activity of FLU is limited and includes 
cry ptococcosis, candidiasis and some c ladosporiosis, asper- 

gillosts^ chromornycosis. and sporotrichosis. It has been the 
treatment of choice for cryptococcosis in humans (Benson 
and Nahata, I9H8; Bennett, 1990a and H). Combination 

therapy is usually indicated ce.g„ amphotericin, ketocona- 

/ok |. When FLU is used alone, resistance develops rapidly. 

Synergism occurs with amphotericin B and probable with 
ketoconazole (or other imidazoles). 


Pharmacokinetics 

Oral absorption of FLU is rapid and close Itr complete. 
Peak plasma concentrations occur in 1 to 2 hours. Distribu¬ 
tion h large, to total body water. Protein binding is mini¬ 
mal, and CSF concentrations reach up to 90% or plasma 

concentrations Penetration of aqueous humor and joints is 
good. The half-life of FLU is 3 to 6 hours. Most of the 
drug is excreted into the urine unchanged. Renal clearance 
is similar to that of creatinine and thus may he significantly 

slowed if renal dysfunction is present. Doses will probably 

need to he modified for patients with renal disease 


Preparations 

Flucyiminc is available as an oral preparation 


Sitfe Effects 

Because IT V interferes with DNA synthesis, body systems 
composed of rapidly dividing cells are adversely affected. 
Bone marrow depression is manifested as anemia, leukope¬ 
nia, and thrombocytopenia (pancytopenia!, This toxicity 
may be serious and is more common in patients with renal 
disease. Gastrointestinal toxicity is manifested as nausea, 
vomiting* and diarrhea* but it is not usually serious. Revers¬ 
ible, crythremic. alopccic dermatitis has been reported in 
the dogs. 



Structure-Activity Relationship 

Gnseofulvin, (see Fig- 11-1) is produced from a Peniciltium 
species bacterium. The drug is insoluble in water. 


Mechanism of Action 

Griseofulvin enters fungi through an energy-dependent 
transport system, Griseofulvin inhibits fungal mitosis by 
binding to the microhihules. that form the mitotic spindle. 
The formation of microtubules from tubulin is inhibited. 
Other drugs, such as colchicine and vincristine, which also 
bind To and inhibit the microtubule, do so at i site that it 
different from dial of gnscofulvm Griseofulvin also proba¬ 
bly inhibits nucleic acid and fungal wall synthesis li is not 
certain if griseofujvui is fungistatic or fungicidal Resis¬ 
tance probably reflects decreased drug uptake. 


Spectrum of Activity 


The spectrum «f activity is limited to dcrmoiopfiylea: mi 
ermpomm, irichophvttiru and Eptdermophyton Because of 

it- distribution into keratin., griseofulvin remains the drag 

of choice for fungal infections of'the nails. 



Gri seofu S v in is insoluble. Oral absorption vanes due to this 
insolubility and depends on particle size and preparation. 
Absorption is increased in the presence of fat The rates of 
dissolution and disaggregation alter the hioa variability of 
different products. Bioavailibility of the ultramicrosize is 
ai least 50% greener ‘1111111 that of the mic resize. Although 
gnveofulvin penetrates the stratum contcum. it does not 

achieve effective concentrations topically, Gnscolulviit iv 
widely distributed to most tissues, but it is deposited and 
concentrated in keratin precursor cells. Thus, it is incorpo¬ 
rated in new keratin of skin, nails, and U,m and (in. humans) 

is secreted in perspiration. Although new keratin formed 

during treatment with griseofulvin is resistant to fungus, 
griseofulvin does not destroy fungi that infect the outer 
layers of the skin. New hair, skin* or nail growth accompa¬ 
nied by shedding of older growth is necessary before the 
fungus is affected; new growth is the first to be free of 
disease. Thus, skin infections require 4 to 6 week* of 
therapy, whereas toenails may require up to a year of thef- 

Hepatic metabolism of griseofulvin by dealkylation is 

significant; metabolites are not active. The half-life report¬ 
edly is 24 hours in the dog* Half of the drug 1 $ excreted as 
metabolites in the urine. The rest is excreted unchanged in 

the feces. 


Preparations 

Griseofulvin is available for «raJ use as either & rmcrosize 

(particle size 10 |jun) or ultromicrosize (panicle size 2,7 
lain; e.g,. Fulvicin* Gris-Peg) tablets. The drug should be 
administered with a fatty meal* particularly if the microsize 

preparation is used. Duration of therapy is at least 4 to 6 

weeks (new hair growth must occur) and possibly longer. 

The drug should be- administered at least once a day despite 
initial reports dual, recommend one weekly administration. 
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Side Effects and Drug 

Side effects are nt>l uncommon. Nausea, vomiting, and 
diarrhea can be minimized by administration of the dose 
in divided increments with a meal Hepatotoxicity may 
occur and use in liver disease should be avoided Idiosyn¬ 
cratic toxicity has been recently reported in the cat mani¬ 
fested as gastrointestinal upset, neurologic disease, and 
bone marrow suppression (Helton el ah, 198-61. The reac¬ 
tion appears to be boih dose aifcd duration independent. 

Signs may or may not be reversible, depending on the 
severity. Cats with feline immunodeficiency disorders may 
be more likely to develop neutropenia <5 helunet aL, 1990): 
feline breeds (Persians, Siamese. Abyss in tans) may be 
more commonly affected (Helton ei ii1. + I986|. At very 
high doses, the drug is teratogenic and carcinogenic in 
animals. The drug should nol be given during the first two 
trimesters of pregnancy. 

firiscofutvin is a potent inducer of microsomal enzymes. 
The clinical sequelae of this ding interaction are not well 

known, although increased metabolism of other drugs 
should be anticipated, 



The mechanism of action ol the allylammcs. a recently 
introduced group of anti fungal&. is similar to that or the 
lolycyclale anti fungal s (e,g„ tolnaftatei in that squalenc. 

important in the formation of the cell membrane (before 

the formation of ergosterul), i* inhibited. Nafuhne and 
terhinaftne are the two major drug* in this group. They 
act to inhibit ujualcnc cpoxidasc. blocking conversion of 
squakne lo lattosicrol. which depletes ergostcrol Because 
of avid uptake of tcvbinafutc into btKJy fat and epidermis 

its efficacy appears to be limited to dermatophytes and 
superficial pathogens of the skin. Efficacy has also been 
demonstrated against Spunythrix xchertckii and A*per$tftm 

spceics. Antifungal effects .are cidal in tltese organisms. 
Fungistatic efficacy has been demonstrated against yeasts 
(Balfour ct aL 19921. It has. however proven more effica 

cious than griseofulvin for both acute and chronic ctermato- 
phyte infections in people. Current efforts arc oriented 
toward applying this drug to the treatment of systemic 
fungal infections, 

Tcrhinatinc is well absorbed after oral admin isiraliori, 
although fat fadlita.es absorption. High concentrations oc¬ 
cur in the stratum come urn, sebum, and hair. The drug is 
metabolized by the liver in humans; the elimination half- 
life is ftiifficiently long to allow unce-daily dosing (Fear- 
gentium ct al.. 1990} L'se of terbireiline in animals has run 

been reported in the \ tided States, although an abstract 

reporting phannacokinclics in cals suggested that a dose of 
20 to 40 mg/kg once daily pros kied sufficient concentration 
of drug in ihe skin. The drug was well tolerated at this 
dose fSparks. 5 996), Because inhibition of ergosterol syn¬ 
thesis does not involve cytochrome P4%i the allylamines 

do not affect siemid synthesis as do the imidazoles 



The mechanism of antifungal action of the i< slides is not 
known. Iodide is rapidly and completely absorbed orally. 


Distribution is to the extracellular fluid. Thyroid uptake 
will concentrate the drug up to 50 times that in plasma. 

Iodide is available as a 20*3 Na and 1C' salt oral or 
intravenous preparation. Both salts have been used success¬ 
fully to treat canine and feline cutaneous or Iymphneutz- 
neous forms of sporotrichosis* and. m such, it remains the 

drug of choice (Werner and Werner 1995; Muriel lo ct aL 
1988). Oral Na" preparations are usually used. Iodide 

fcmeity is mure eominon m cat- and i> manifested as 

sweating, tachycardia, dry scaly coat* diarrhea, and 

polyuria/poly dypsia. Cardiomyopathy has been repotted in 

caii. Treatment causing clinical signs of ioditiistn should 
be discontinued for 1 week and then reinstituted at a lower 
dose. Iodine has also been reported to be effective tor 
various other fungal diseases, particularly as a topical oinl- 
mem for localized skm infections 



USE OF ANTIFUNGAL AGENTS 



A number of fungal organisms inhabit the haircoais of 
clogs and cuts. Ahemaii<& Ciadospcfrittm, and yeasts may 
be associated with dermatitis. Dermatophytes can be iso¬ 
lated from normal animals or can he a cause of infection. 
Dermaiophytc infections generally are self-limiting* with 
the ability to mount an inflammatory response being im¬ 
portant to control of infection. Hence, drugs such as gluco¬ 
corticoids, which prevent an inflammatory response in the 
skin, predispose a patient to dermatophyte infection. The 
route of drug administration (topical vs, systemic therapy) 
depends on the extern of infection, with die exception of 
Trichophyton infections, which should be treated systemi- 
cally. 

Topical therapy is indicated for all paUrntx with derma- 
tophytusis and may be the sole therapy for local noiuliffuse 
lesions Haircoat preparation before medication should in¬ 
clude clipping and bathing lo remove hair and crusts. 
Several medicament* are available as shampoo, ointment, 
or cream for Topical therapy (Table 13 -2). Active ingredi¬ 
ents include povidone-iodine, chlnrhextdine, and imidazole. 
Other active ingredients that can be applied topically in¬ 
clude capian. lime sulfur, md sodium hypochlorite. Short¬ 
term topical glucocorticoid therapy might be considered to 
control acute inflammation when present. Topical adminis¬ 
tration of emlconazole emulsion has been useful for treat ■ 
merit of feline dermatopbytnts. 

Systemic therapy should probably be preceded with a 

total body clip. Griseofu I vi n is (be treatment of choice for 

long-term sy&temic antifungal therapy of derniatophytoxis 
(Foil. 1990). although expense mandates that a diagnosis 
of denuainphy tosis be confirmed. Care should be taken 
that the proper dose and duration of therapy are followed. 
For infections that do not respond io griseofulvin. an imid¬ 
azole can be used, Keioconazote has been used success¬ 
fully* particularly when dosnl at HI mg/kg daily for 2f> 

days. Itraconazole has, however, proved more efficacious 
for treatment of dermatophytes in human patients and has 
proved efficacious c xpcrirttertial I y in cab infected with 

Micmsporum canis (Moriello and DeBoer, 1995) at 10 mg/ 
kg orally once dully Mancuti et al. (1998) report pulse 
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therapy v. ith itraconazole (15 days oi otai therapy followed 
by 15 days of no treatment tot two to three cycles as 

needed! effective for treating dermatophytosis in cats. 
Cleansing of the env Lronjnerit can he accomplished with 

either 2% chlorhexidioe or 0.5% sodium hypochlorite 

Yeast m Yeast-Like Infections 

Makmmzm 

Matas sezw f Pityrospotum) is a commensal organism that 

inhabits the skin, ear canal, anal sacs, vagina, and rectum 


of dogs It is now recognized to be (he causative agent oi 

either localized or generalized pruritic in Annimatory skin 
disease in dogs. The pathogenesis of the infection is contro¬ 
versial and appear* to involve hypersensitivity to the organ¬ 
ism. Postulated predisposing factors include allergic disease 
such as atopic dermatitis, diseases of comtficition, chronic 

inflammatory nkm disease, ami previous therapy with anti¬ 
biotics or glucocorticoids. 

Therapy for Malaxsezia is directed toward removing 
predisposing factors and 1 ill mg (he causative agent Uhrke. 
199bi Antimicrobial therapy ideal h should include both 
systemic and topical drugs. Ketocociuole and itraconazole 
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are the systemic drugs of choice and should be given for 
at least 30 days. Topical therapy may he sufficient in some 

cases Antifungal shampoos containing chlnrhciidine* mi- 

conazole, or ketoconazole should be given at least twice 

weekly tor a minimum of 6 weeks. Shampoos that resolve 
any exudate (such as benzoyl peroxide) may facilitate topi¬ 
cal penetration of the antifungal drug. An acetic acid rinse 

(white vinegar and water at a ratio of LI) used twice 
weekly as a degreasing agent after shampooing may also 
prove beneficial as well as inexpensive. Application of 

cnilocouaznlc emulsion may also be beneficial. The emul¬ 
sion can be applied with a sponge or by whoJe-body 

emersion; the diluted product appears to remain stable for 

4 to 6 weeks when protected against light, although -use of 
a fresh dilution is recommended for each treatment. 

Candidiasis 

In the yeast phase, candidiasis normally occurs in the 
gastrointestinal, respiratory, or urogenital mucosa. The or¬ 
ganism is acquired at birth and occurs at mucocutaneous 

junctions in the skin and in several organs inside the body. 
Factor* that alter normal mkrotlora fe.g,* prolonged, high 
dose, broad-spectnim antimicrobial therapy) predispose die 
development ot candidiasis. Cell*mediated immunity is im¬ 
portant to the control of disease, and prolonged immuno¬ 
suppression increases the risk of : further spread Generally, 
microcirculation of the organ- filters organisms, leading to 

embolization. 

Topical infection can be treated with topical antifungal 

products, including pohem macrolides, imidazoles* and 
gentian violet (1:10*000). Systemic therapy can be treated 
with amphotericin B. 5-flucytosine fcombined with another 

antifungal drug), or the imidazoles. 


Systemic Fungal Diseases 

Therapeutic success with antifungal drugs can be enhanced 

by long-term therapy, generally one to several months 
beyond the resolution of clinical signs., avail lance of sminiu- 
nmupprcvuve drugs, ami use of combination therapy, par* 
ticularSy fur infections that arc difficult to penetrate or ore 
life or organ threatening. 

Btotumycwb 

Blastomyces organisms become established in the lungs 
and then disseminate throughout 'the body. The presence of 
clinical signs in dogs is indicative of disseminated disease 

aiul (he need for aggressive therapy. Prcfared sites of 

infection in dogs are the skin, eyes, bones* lymph nodes., 
subcutaneous tissues, nasal passages, and brain. These tis¬ 
sues are difficult to penetrate with most antifungal drugs, 

thus increasing the likdihood of therapeutic failure. Immu¬ 
nosuppression is common in dogs with blastoraycosis, fur¬ 
ther hindering therapeutic success. 

Amphotericin B has hem (he treatment of choice for 
blastomycosis I Legendre, 1990). Although liigh doses arc 
more effective, the risk of nephrotoxicity may necessitate 
a less aggressive approach, Reni.kspai.nng measures should 
be taken for patients with preexisting renal disease. Despite 


aggressive therapy, a relapse rate of 17*K- has been reported 

in dogs (Legendre. 1914). Combination therapy of ampho¬ 
tericin B with an imidazole should he considered whenever 

possible and is particularly important fen infections in tis¬ 
sues dial are difficult to penetrate such as the brain and 

eye, Of the imidazoles, keiocon azole has been used alone 

to treat blastomycosis in people, but it is less successful 
for animals as a sole agent. Because imidazoles are charac¬ 
terized by variation in drag disposition among animals* 
efficacy might be enhanced by increasing the dose. Al¬ 
though sequential use of amphotericin B followed by keio- 
cociazole h^s been recommended, the two can be used in 

combination immediately with little to no increased risk of 
toxicity'. The rapid effects of amphotericin B are critical 
for life-threatening or organ-threatening infections. Itraco¬ 
nazole or fluconazole are more likely to be effective 'than 
ketoconazole for the treatment of blastomycosis. Although 

itraconazole is more likely to be effective as sole therapy. 

combination therapy with amphotericin B is still recom¬ 
mended . 

With proper therapy, up to 80$ of dogs with blastomy¬ 
cosis can be effectively (realed, The severity of pulmonary 

involvement appears to be a prognostic factor for both 

initial survival and the likelihood of relapse. Therapy may 

result in an initial worsening of respiratory disease, pre¬ 
sumably due to an inflammatory response to dying organ¬ 
isms, Of the remaining 20% of animals, some may die 
within the first 2 weeks of therapy. Relapse can occui in 
up to 20% of infected animals within (he fir-4 6 months 

after therapy* but relapse after 1 year is rare. 


Ills top] us mods 


Host macrophages phagocytize the yeast phase of His- 
mpfaxmth and the organism then undergoes replication. 
The intracellular location is a mitigating factor in the hema¬ 
togenous and. lymphatic dissemination of the organisms 

from the lungs to other tissues. In most patients, cell- 

mediated immunity brings the infection under control. The 
gastrointestinal tract may also be a primary site ot infec¬ 
tion. although dissemination front the lungs appears lo he 

more likely (Wolf. 1990), Although pulmonary infection 

may be Self-Limiting* tJicrapy is indicated to prevent dis¬ 


semination of infection* 

Ketocormzole has been the drug of choice for mild 
pulmonary histoplasmosis i Wolf, 1990). One study, how¬ 
ever, reported that only itraconazole (5 mg/kg orally twice 

daily for 60 to 130 days) was effective against histoplasmo¬ 
sis in cats (Hodges et ah, 1994). For more severe pulmo¬ 
nary infection* or gastrointestinal infection, iherap) should 
be more aggressive. Alternatives include combination of 
ketoconazole with amphotericin B or sole therapy with 
itraconazole or fluconazole. Both of the latter drugs are 
much more effective (up to 100-fold) than ketooonazolc 

against histoplasmosis. The prognosis for patients with 
pulmonary histoplasmosis is fair to good but guarded when 

the disease lias disseminated. 


Cryptococcosis 

Ctypioeoccm organisms infect the upper respiratory tract 
or the alveoli, potentially causing granulomas at both sites. 
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Once established in the respiratory system. they can dis¬ 
seminate to other tissues. Infection of the central nervous 

system by either dissemination or direct extension is com¬ 
mon. Cutaneous and ocular lesions are common in cats. 
Cell-mediated immunity is critical to- the host\ ability to 

overcome a cryplococcal infection. Ciyptneoccal organisms 

have several features that impact their virulence. The cap¬ 
sule inhibit* plasma cell function, phagocytosis. and leuko¬ 
cyte activity Fever is uncommon 125*5 of dogs), particu¬ 
larly in cats. Immunosuppression is essentially necessary 

for cryptococcosis to develop in people. Underlying dis¬ 
eases arc. however, not often identified in cuts or dogs with 

cryptococcosis. although feline leukemia virun and feline 

immunodeficiency virus are known predisposing factors 
art cats. 

Amphotericin B is the treatment of choice for cryptococ¬ 
cosis | Med lean, 1990, 1994). Initial therapy with a low 
dose and a subsequent increase in dose has been suggested 
lor cats. Combination with 5*flucylosinc or the imidazoles 
is likely to improve therapeutic success and is indicated 
for central nervous system infections because amphotericin 
B cannot sufficiently penetrate the bltMxl-brasn barrier Kc- 
(oconazule has been used successfully :o treat cryptococeo- 
ms. Itraconazole (I'd mg/kg orally once dailyk however, 
and fluconazole are more effective than ketocona/ole 

against cryptococcosis. Cats appear to tolerate itraconazole 

better than ketoconazole (Medleau, I990i Both drugs, hut 

lluconaznk even more so. am: characterized by belter tissue 
penetrability and can be used to treat central nervous sys¬ 
tem infection. One study with cats reported that 16 of 2H 

were cured of cry ptoeoeeosi $ after treatment with itracona¬ 
zole f lOt) mg orally once daily) for a mean of 4 to 16 
months (Medkau et aU 1995), 

Coceidi oi dum ycmb 

Coccidioidomycosis begins ns an alveolar infection that 
spreads lo peribronchiolar tissues and the lung surface, 

Cdl-mediaiod immunity is important to overcoming the 

infection. In iminunodepressed animals, ot in animals with 

massive exposure, pulmonary infection becomes extensive,. 

and (lie infection disseminates first to mediastinal and tra¬ 
cheobronchial lymph nodes and then lo other tissues. Or¬ 
gans that are subsequently infected include in order of 

likelihood, bone, joints, visceral organs, the heart and peri¬ 
cardium, testicles, eyes and brain, 

Antifungal therapy for coccidioidomycosis particu¬ 
larly long (Barsami, 1990). The duration varies with both 

the site of infection and the drug and can be for the life of 
the animal in some cases of disseminated disease'.. Kcloco- 
nazok hm been the drug of choice for treatment m the 
past. although itraconazole h more effective Keioconazole 

therapy should extend at least I year beyond resolution of 
clinical signs. Amphotericin B is also effective for the 
treatment of coccidioidomycosis. A lower maintenance 

dose of either ketoconazole or amphotericin B has been 

recommended once clinical feigns are in remission. Deterio¬ 
ration of din teal signs ami a rising complement fixation 

test are hoth indications for combination therapy with am¬ 
photericin B. Therapy with itraconazole may occur for a 
shorter time, although this has not been well established in 
animals. Fluconazole is indicated for central nervous sys¬ 


tem infections. Combination! therapy fi.e., amphotericin 8 
with an imidazole f should be strongly considered for create 
ittenl of coccidioidomycosis. 

Aspergillosis 

Aspergillosis c an occur a> cither the localized form, involv¬ 
ing cavities of the earv thjm, or sinuses; or the dissemin¬ 
ated form tx:curing primarily in the lung of immunocom¬ 
promised animals. Both systemic and topical therapy 
should be implemented with either form of the disease. 

Systemic Therapy should consist of an imidazole: among 
the drugs, itraconazole is the most efficacious against as¬ 
pergillosis. Topical therapy has included amphotericin B. 
thiabendazole, and enilconazole. a topical imidazole avail¬ 
able in Europe but not the United States, EiukonazoLe 
might be the most effective treatment when directly infused 

into the nasal passages through fenestrated tubes (Sharp, 
1989). The I (Ft solution is diluted 1:1 with water and 
administered through surgically placed nasal tubes within 
2 to 3 minutes The solution emulsifies within several 
minutes of mixing, nasal tubes must be flushed after treat¬ 
ment The total daily dose uf 28 mg/kg is administered in 

two divided doses daily. Topical clotrimazole might be 

considered in lieu of emlconazok. 

Subcutaneous Mycoses 

Sporotrichosis 

Sporotrichosis occurs in three clinical forms: cutaneous, 

cut ancolymphatic, and disseminated. Disseminated disease 

generally involves most internal organs. The treatment of 

choice for both dog* and cat* is supersaturated potassium 

iodide (SSKIl (Rosser, 1990), Cat* are more sensitive than 
dogs to die tide effects of 5SKI. Treatment should continue 
for at least 30 days beyond clinical remission. Immunosup¬ 
pressive drugs should be avoided if possible for the dura¬ 
tion of the animal's life: recurrence in clinically cured 
animals has been reported after immunosuppressive doses 
of glucocorticoids. Imidazoles should be used to treat ani¬ 
mals that cannot tolerate ot do not respond to SSKJ, Other 

antifungal? (e.g., lerbinafine) might be combined with io¬ 
dine. 

Khinosporidliksis 

Rhiruttptrfidium rarely causes disseminated disease in ani¬ 
mals and is essentially limited to the nasal tissue*. Surgical 

excision is the treatment of choice (Breitschwerdt, 1990). 
For recurrences. dap&one may be useful. Alternatively, ket¬ 
oconazole or itraconazole may be successful 

PythicKis 

Originally referred to as phycomyrosis, pythiosts, u granu¬ 
lomatous disease, is caused by a number of taxonomically 
diverse nonseptated hyphal Ovmyxretes. The cell wall of 

Onmyt tie* differs from that of true fungi; hence antifungal 
agents are often ineffective against infections caused by 
(here organisms. No antifungal agent has proved effica¬ 
cious against this organism. 
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The development of drugs intended to prevent and treat 
viral diseases has been frustnuingly protracted even though 
tfY* of human illness in developed countries are caused by 
viruses. Despite the long and intensive search for effective 
antiviral drugs, there are very few compounds that have 

clinical applications. Currently, there are approximately 16 
antiviral drugs approved for use in human medicine. To 

date, there are no antiviral drugs that have been approved 
for use in veterinary medicine* Unfortunately, unlike (he 
situation with many other anti-infectious drugs,, applica¬ 
tions for human antiviral drugs in veterinary patients is 
limited because the etiologic agent* of viral diseases vary 
so widely In recent years, however, a trend has developed 
toward development of drugs effective in viral diseases 

that affect veterinary patients. ,4 very significant factor in 

this trend has been the advent of the acquired immunodefi¬ 
ciency syndrome (AIDS) in humans The search for effec¬ 
tive drugs useful for viral-induced disease',, particularly for 
treatment ol retroviruses, has been explosive. The patho¬ 
genesis. and clinical signs of AIDS ire very similar in those 

of feline leukemia v irus iFcLVMnduced disease in the cat, 
ami an FcLV cat model is frequently used for investigations 

of AIDS or other retro viral - induced diseases Thus, infor¬ 
mation regarding therapy for selected viral diseases, partic¬ 
ularly in cats, can be expected to emerge more so than for 
other viraUinduced diseases. 

For a number of reasons, it Is more difficult to develop 
effective antiviral drug* than otfrei anti-infectious agents. 

Drugs that target the viral processes must penetrate host 
cells lu be effective. Because of the mechanisms by which 
v iruses replicate (i.e.. through the host genome), drugs that 
are effective against viruses also arc likely to negatively 
impact the normal pathways of the hosl, and most antiviral 

dregs subsequently are characterized by a narrow therapeu¬ 
tic window. Therapy is further complicated by viral latency, 
the ability of the vims to incorporate its genome into 


the host genome, with clinical infection becoming evident 
without re-expos ure to the organism, Ginkal sign* during 

the stages, of infection when viruses might be most condu¬ 
cive to pharmacologic therapy often are mild to absent, 
and the need for antiviral therapy is not recognized until 

viral response is unlikely. Selection of the most appropriate 

antiviral drugs is handicapped by the lack of broad-spec 
mm antivirals and the lark of rapid tests to identify' the 
infecting virus In vitro susceptibility testing of viruses 

requires sophisticated and expensive techniques such as 
cell cultures. In vitro inhibitory testing procedures have not 
been standardized, and results vary with the assay system. 

cell type, and viral inoculum. Additionally, results, may 
not correlate with therapeutic efficacy of antiviral drugs 
(Hayden, 19951. The lack of correlation between in vitro 

testing and clinical efficacy reflects, in part, the requirement 

of some ami viral drugs for activation -i s.e.. metabolism 
generally by the host) (Hayden, 1995 1 . Not only is the 

spectrum of antiviral drags- narrow', but additionally, a drug 
often targets a specific viral protein (usually a polymerase 
or transcriptase enzyme) involved in viral nucleic acid 
synthesis (Hayden. 1995), The limited mechanism of action 
tends to facilitate the development of antiviral resistance, 

which can occur rapidly, often reflecting substitution of 

only a single although critical amino acid in the target 
protein. Because drugs often inhibit only active replication, 
growth often resumes oneo therapy h discontinued. Finally, 
drugs often cannot eliminate nonreplicaiing or Latent vi¬ 
ruses. and effective antiviral therapy generally also depends 
on an effective immune response., In humans however, 
chronic drag therapy cam suppress reactivation of the dis¬ 
ease caused by die virus. 

Drags that simply inhibit single steps in the viral replica¬ 
tion cycle are viru&tatic and only temporarily halt viral 
replication. Thus, optimal activity of some drugs depend-' 
on an adequate host immune response, Some antiviral 
drugs may enhance the immune system of the host. 
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VIRAL REPLICATION AND TARGETS FOR 
ANTIVIRAL DROSS 

Viruses are composed of a tore genome consisting of 

either double - branded or smgle-stranded DNA or RNA 
surrounded by a protein shell known is 3 cupsid Some 
viruses are further surrounded by a lipoprotein membrane 
or envelope. Both the capsid and lipoprotein membrane 
may he antigenic Viruses cannot replicate independently 
and must usurp the host metabolic machinery in order to 
replicate. As tudi, viruses are obligate intracellular para- 
sites. The host's pathways of energy generation, protein 
synthesis, and DNA or RNA replication provide the virus 
with the means of viral replication. For some viruses, 
replication is initiated by viral enzymes (Hayden^ 1995). 

DNA viruses include poxvirus. herpesvirus, adenovirus, 
hepadnavims, and papillomavirus, RNA viruses include 
rubella virus, rhabdovirus (rabies), picumavirus, arenavi¬ 
ruses, arboviruses, orthomyxovirus, and paramyxovirus 
(canine distemper) (Table 13-11. 

Viral replication occurs in Ft hit to five sequential steps 
(Fig 12 -l>: host cell attachment and penetration; disassem¬ 
bly or uncoat mg resulting in release of viral genome; 
transcription of viral genome (or viral messenger RNA), 
dependent un virus-speeilied enzyme: translation of regula- 
tory (early) or structural (Late) viral proteins; posi-transla¬ 
tion modification!! (e.g.. proteolytic cleavage, niyristoyfa- 
tkm. glycosylaiion}. assembly of virion components; and 
release of the virus generally by budding «r cell lysis 

(Hayden, 1995). For DNA viruses, viral DNA is tran¬ 
scribed to host mRNA by host cell mRNA polymerase (or, 
for powirus. viral RNA polymerase) Replication of RNA 

viruses requires virion enzymes to synthesize mRNA. Al¬ 
ternatively. viral RNA may serve as mRNA. Host cells 
generally are not involved in (he replication of RNA vi¬ 
ruses, Retrovirues are unique in that they contain reverse 

transcriptase, an enzyme thai makes a DNA copy of a viral 
RNA template. The DNA is then incorporated into the host 

genome (as a pro virus) and subsequently transcribed into 
genomic RNA and mRNA for translation into viral proteins 

(Hayden, 1995), 


Potential targets Lit the viral life cycle that might be 
pharmacologically inhibited Me expressed during extracel¬ 
lular Mages of viral infection (i.e., penetration), intracellular 
stages (i.e., replication, assembly, and viral release) t and 
dissemination. Those expressed during extracellular stages 
include specific enzymes whose release is required for skin 
and mucosal barrier penetration by some viruses; specific 
cell receptors required for penetration by other viruses; and 

specific precursor "fusion'' proteins that must be activated 
before cell penetration by some viruses. Antivirals that: 
diminish penetration of host cells by die virus are more 
viral specific and thus not as inherently toxic as those that 
prevent virul replication by interfering with viral nucleic 
acid. DNA, awl protein synthesis Because ceil penetration 
is enhanced by viral-induced immuiKKuppression, pharma¬ 
cologic immunomoiiuUiion may also help prevent viral 
penetration (Carrasco. 1984), Clashes of antivirals that tar- 

get cell entry include soluble receptor decoys and am ire 
cepior antibodies. Uncrating of the virus can be targeted 
by ion channel blockers, capsid stabilizers, and fusion 
protein inhibitors (Hayden, 1995), 

I 'urrenUy; targets expressed doting intracellular stages 

of viral infection are the most common sites of pharmaco¬ 
logic intervention, which include* antiviral drugs as welt 
m a number of other classes of drugs te g., immunnmodula- 
tors). Viral replication depends on macromolecuLar synthe¬ 
sis (by the host) of viral genome and m genome replica¬ 
tion, transcription, and translation. Classes of drugs that 

inhibit transcription include inhibitors of viral DNA or 
RNA polymerase, reverse transcriptase, hdicase, primare. 
or irttegni.se. Natural substances capable of inhibiting viral 
transcription and translation (e.g., interferon) are much 
more potent than synthetic compounds. Viral replication is 
iargeted by antiseti.ve oligunuc!cotidcs and ri bo zy mes. 

Many antiviral drugs are nucleoside or nucleotide ana¬ 
logues, which prevent viral replication by blocking nucleic 

acid metabolism (Fig. 12-2). Viral replication is so closely 
connected to vital functions of the host cell that agents 
capable of inhibiting viral replication usually injure host 
cells as well. Allhough such drags are more likely to 'be 
broad in their antiviral spectrum, most also are potential 
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teratogens, my lagans,, and (particularly in human s) carcino¬ 
gens and are associated with a variety of olher host toxiei- 

Lies ( Carrasco. 1984), 

Fewer agents have been developed that block viral trans¬ 
lation. Classes of drugs that inhibit viral translation include 

imofemos, antisense oligonucleotides, and ribozymes. In 

addition* regulatory proteins might be inhibited Another 
category of i ntrace 11 u I ar largeis are specific enzymes* such 
is RNA or DNA polymerase, or reverse transcriptase of 

retroviruses—whose expression is required For ihc mainte¬ 
nance of the viral life cycle. Antiviral agents designed to 
block expression of these enzymes may have increased 
selectivity for viruses compared with the host* although 
their spectrum frequently is limited. Finally, assembly of 
synthesized viral macmmolecules and release of the assem¬ 
bled virus may he pharmacologically inhibited For exam¬ 
ple, interferon induced inhibition of RNA tumor viruses 
occurs at assembly, although the mechanism is unknown 
(Carrasco, 1984). 

Post-translational modifications such as proteolytic 
cleavage may be targeted by some drug Classes fe.g.* prote¬ 


ase inhibitor^| t Interferons and drugs that inhibit specihe 
proteins target viral assembly. Finally, antiviral antibodies 
and cytotoxic lymphocytes target the release of viruses 
from die host cell. 


The final stage of viral infection that may be pharmaco¬ 
logically inhibited is dissemination, Dtssemination of some 
viruses appears to depend pnmanly on host immunosup¬ 
pression by the ^irus. Thus, dissemination is another stage 
in which modulation of the immune system may help the 
host overcome viral infection (Carrasco. 



Two categories of drugs have been and are currently 

being pursued for the pharmacologic treatment of viral 
diseases, Antiviral chemicals directly interfere with Lhe 

virus, whereas biologic response modifiers stimulate the 
host's immune system, thcrehy increasing the host’s ability 

to overcome viral invasion. 


ANTIVIRAL DRUGS 

Few antiviral drugs have been studied in animals* and 
widespread clinical use of antiviral drugs is not common 
in veterinary medicine. Only a selection of the more prom* 
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ijLrtg agents and their purported attributes are briefly dis¬ 
cussed. Data regarding the dmgs generally ait extrapolated 
fpjin information from hwraaji patients Antiviral drugs are 
moM practically categorized by the major viruses that are 
targeted Many human antiviral drugs have not been studied 
or reported to be used lor treatment of viral disorders in 
dogs or cats, and their inclusion in this chapter should not 
be interpreted as justification for uh‘< 


Anti herpes virus Drugs 

P)rimidinc Nudeoddes 

A variety of pyrimidine nucleosides (both halogenaied and 
nonhatogenated) effectively inhibit the replication of herpes 
simple * viruses with Limited host ceil toxicity The exact 

mechanism of action of these compounds appears to reflect 

substitution of pyrimidine for thymidine, causing defective 
DNA nudccukv 


hfoxtiridittr 

Idoxuridine (5- lodoTnl coxy und j« e. [DU: Sloxil) was 

the Am of the nucleoside analogues to prove useful m the 
treatment of viral diseases. Idoxundine resembles and is 
substituted foe thymidine After phosphorylation, it is in¬ 
corporated into both viral and host cell DMA. Altered DMA 
is susceptible to breakage, resulting m faulty transcription 
ami altered % iral proteins, The spectrum of amis iral activity 
is limited to DNA viruses, particularly member* of the 
herpesvirus group. Resistance to IDU develops rapidly 
(Hayden, 1995 >. The ability of IDU to cause neoplastic 
changes, genetic mutation, and infertility limits its use 
to topical* primarily ophthalmic, infections. Ido x undine is 
available as an ophthalmic ointment or solution. It is cur¬ 
rently approved for use in the treatment of herpes keratitis 
in humans ansi has proved useful For (he treatment of feline 
herpetic keratitis. One drop of a 0,1% solution is usually 

applied to the affected eye every hour; the 0 5% ointmeni 
can be applied every 2 hour* (Doiin* 198?; Gustafson, 
19HGI. Topical application of [DU to the conjunctiva has 
been associated with irritation, pain, pruritus, inflammation, 
and edema of the conjunctiva and punctate areas on the 

cornea. Resistance of viruses to the dreg develops readily 

both in vitro and ill clinical cases. 


7 rtfltf ridint 

Trifturidine (TFT; Viroptic) is a halogen.ated (fluon- 

naledl pyrimidine that is similar and often considered supe¬ 
rior to IDU.. Trifluridine monophosphate irreversibly inhitw 
its thymidylate synthetase* and TFT triphosphate 
com petit! ve I v inhibit* DNA polymerase incorporation of 
thymidine into DNA. Like IDU. it its preferentially incorpo¬ 
rated into both viral and host DNA. and late virus-speciAc 
DNA transcription is inhibited (Hayden, 1995i. Trill uridine 
has in vitro inhibitory effects against herpes simplex virus 

(types 1 and 2i, cylomegalovi ru*, and selected adenovir- 

uses. Clinical resistance to TFT has been reported. As w till 
JDU* the primary tlierapeutic indication for TFT is herpetic 
keratitis. Trifl uridine is prepared as a 0,1% ophthalmic 


solution and is usually applied six to eight times per day 
Trifluridine is frequently preferred to IDU for the treatment 
of human *md feline herpetic keratitis in order to avoid 
tonicities associated with IDU (Doiin, 1987; Gustafson, 
198b'. Adverse reactions include discomfort upon applica¬ 
tion and palpebral edema (Hay den, 1995). 


Sorivudin* 

Son vudinc is a pyrimidine nucleoside analogue charac¬ 
terized b> potency that results in a relative selectivity for 
varied La-zoster vires (VZV). The drug is initially phos- 
phorylated by viral thymidine kinase and then metabolized 
to diphosphate by viral ihymidylale kinase. As such, snarl- 
vudinc triphosphate is a competitive inibilor of viral DNA 
replication. Unlike acyclovir, however, sun vudinc is not 
incorporated into viral DNA, Inhibitor)*' concentrations of 

sorivudine are 1000-fold lower for VZV than ate those of 
acyclovir. Cellular uptake in cells infected with herpesvirus 
is 40-fold greater than in uninfected cells. Clinical resis¬ 
tance has not yet been detected (Hayden* 1995), 

Sorivudinc rs welt absorbed after oral administration 
and is characterized by 98% protein binding Hie elimina¬ 
tion half-life is 5 to 7 hours, although half-life increases 
with age. Elimination appears to be urinary* with minimal 
hepatic metabolism. Sick effects are primarily gastrointesti¬ 
nal (nausea* vomiting, and diarrhea). Hepatic enzymes may 
increase. Long-term administration has caused hepatic neo¬ 
plasms in rodents Son vudinc (probably its metabolite) 
appears, to negatively interact with 5-fhiorouracil by inhib¬ 
iting the enzyme responsible for fluorouracil metabolism 

(Hayden, 1995), Sonvudine is available in both oral and 

intravenous preparations but only as investigational drugs. 
Purine Nucleusdc* 

Certain purine nucleosides have proved to he effective 

antivirals and are used a* systemic agents. Several or these 

antiviral drug! deserve special menu on, 

Wdarabine 

\ idarabine (Vira-A) was initially investigated for its 

efficacy as a cancer chemotherapeutic drug. An analogue 
of adenine, vidarabine is phosphorylated by host enzymes 

and competitively inhibits viral DNA polymerase. It is 
substituted to adenine into DNA, thus inhibiting viral land 

host} DNA polymerase. Mammalian DNA is also inhibited 

although to a lesser extern Ribonucleotide reductase, RNA 
polyadenylation. and transmethylation reactions also are 
inhibited (Hayden, 1995). Vidarabitte selectively inhibits 
DNA viruses* particularly herpes viruses. It is also effective 
against poxviruses* rtwbdoviruses, hepadenavimses T and se¬ 
lected RNA tumor viruses (Hayden* 1995). Until recently, 
the dnig was prepared as an injectable suspension. It is 
poorly water soluble, however, and must be dissolved in 
large volumes of fluid before intravenous use. A 3% oph¬ 
thalmic ointment is also available. Upon intravenous ad¬ 
ministration, vidarabine is deamidated to hypoxanthine ara- 
binosiik: the metabolite reaches concentrations that exceed 
the parent compound by [5-fold after constant intravenous 
infusion. The drug is eliminated nenalh but predominantly 
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ilk- flVfUMftiltilW metal* Jile IW elimination half-life 
of the metabolite approximately T5 hours. Adverse reac 
11 ons are more likely with intravenous administration and 
include gastrointestinal upset ( vomiting, diarrheal and ven¬ 
tral nervous system (CMSI derangements (hallucinations, 
ataxia, tremors, and painful peripheral neuropathies with 
hmg-term u*ek In addition, vidantbinc is probably muta¬ 
genic and carcinogenic. Phlebitis* hypokalemia* rash, ele¬ 
vated transaminases, and pancytopenia as well m inappro¬ 
priate concentrations of amidiuretic hormone have been 
reported in humans. Systemic use in humans is reserved 
for life-threatening infections fe.g., herpes encephaLitii). 
Although vidanahinc is preferred to 1DU for topical therapy 
of herpetic keratitis* die advent of acyclovir has reduced 

its use. Vidarahinc can be useful for puiicnts that have 

developed resistance to acyclovir or in combination with 
acyclovir for life-threatening infection* (Hayden, 1995). 
Literature regarding its use in the cat is limited (Dolin, 
1987; Gustafson, 1986), 

Acyclovir and Valacyctovir 

Acyclovir ts an acyclic synthetic purine nucleoside ana¬ 
logue that substitutes for guanostne in PM A synthesis 
Valacyclovir Is an i-vmlyl ester pm-drug or acyclovir Effi¬ 
cacy ot acyclovir depends on ''activation‘' of the drug to 
its monophosphate derivative by vital thymidine kinase 
Subsequent phosphorylation n> the diphosphate and then 

triphosphate form is mediated selectively by cells - refected 

with hepesvirus. The formation of acyvlovir-GTP results in 
the inhibition of viral DNA polymerase anil incorporation 
of acyclovir-GTP into viral DNA, which terminates viral 

DNA synthesis. The drug has a greater affinity for viral 
(vs host) thymidine synthetase. Antiviral activity of 
acyclovir is limited essentially to herpesviruses The in 
vitro activity of acyclovir is UK) times that of vidarahinL- 
and 10 Limes that of (DU- Viral resistance to acyclovir 
results from mutation to strains that are characterized by a 

reduction in viral thymidine kinase (the most common 

mechanism), altered substrate specificity* or altered x iral 

DNA polymerase (Hayden* 1995). 

Acyclovir is available in topical, oral (capsule), and 

parenteral (powder to he reconstituted) preparations. The 
hioavailability of the oral preparations (in humans) is poor 
11 O'r to 30% i and decreases with increasing doses (Hay¬ 
den, 1995). in contrast* valaeyolovir, which is rapidly and 

completely cun verted to acyclovir, increases biuavailabilily 
of acyclovir tn 50 T Acyclovir distributes lo all body 
fluids, including cerebrospinal fluid. It is eliminated primar¬ 
ily unchanged by glomerular filtration and tubular secretion 
and accumulates in patient* with renal failure. The elimina¬ 
tion half-life in adults with normal renal function is 1.5 lo 
6 hours; this can increase lo 20 hours in anutir patients. 

Toxicity of acyclovir, regardless of the preparation, is 
limited. Oral administration (of both acyclovir and vain- 
cyclovir) is associated with gastrointestinal upset. Intrave¬ 
nous administration may cause renal insufficiency and 
(rarei CNN side effects Renal dysfunction is reversible 
and may reflect concentration in urine to the point that 

crystal!i/ation occurs (Hayden. 1995). Rapid infusion, de¬ 
hydration, mul inappropriate urine flow iticfcasc the risk of 
renal damage. Phlebitis also may accompany intravenous 
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ldmini nration. Vs-ccririhry of acyclovir may be limited., 

probably because of difference* in viral thymidine kinase 
for acyclovir In addition, antiviral resistance is increasing. 
Acyclovir is unable to eliminate latent infections. It m 
available as an ophthalmic ointment. a topical ointment ami 
cream f an IV preparation, and various oral formulations. 
Another similar antiviral purine nuclein ide analogue is 

giwtciiJvvir, a synthetic guanine that is effective against 
human cytomegalov irus. Ils mechanism of action is similar 
to that of acyclovir. 

famat'kmr ami Pmciclarir 

I like acyclovir* peuciclovir is an acyclic guanine nuclco- 

’ink Us spectrum of acdvjiy (herpes simplex virus and 
VZV) is also similar to that of acyclovir. Pencidovir (up 
to 77% bioavailahe) is a pro-drug of famciclovir Fam- 
eiclovir is 100-fold less potent than acyclovir by! is skxu 
mulated lo higher concentrations than is acyclovir in in- 

fecied cells (Hayden. 1-995). Plasma elimination half-Life 
approximates 2 hours, and diminaliun is renal. Although, 

like acyclovir, the drag is well tolerated orally, chronic 
administration appears to be ramongenic. causing testicular 

toxicity in animals. 

Ganciclovir 

Ganciclovir is structurally similar to acyclovir, with the 
{■tUition of a hydroxymethyl group on the acyclic side 

chain, Its spectrum includes herpesvirus with particular 

efficacy against cytomegalovirus; effective concentrations 
arc 10-fold to H)0 fold lower than the concentrations effec¬ 
tive against other herpesviruses (Hayden, 1995) Unfnrtu 

nately, similar concentrations are inhibitory to bone morrow 
progenitor cells. As with other guanine nucleosides gan¬ 
ciclovir inhibits xiral DNA synthesis after monophosphory- 
laiion mediated by \ iral thymidine kinase (herpes) or phos¬ 
photransferase (cytomegalovirus). Diphosphates and 

triphosphates of ganciclovir are formed by -cellular en¬ 
zymes. The triphosphate competitively inhibits dcoxygua- 

nosine triphosphate incorporation into both viral and host 
DNA, with preferential inhibition ot viral over boat DNA 
poly mera sc. 1 retrace 11 u la r co nc e nt rat i on s (w hi c h c x cc cd 

acyclovir concentrations by at least 10-fold) decline much 
more slowly than those of acyclovir, resulting in a cellular 

elimination half-life «r approximately 24 hour*. Hence, ihc 

drug is given once daily {Hayden* 1995). Resistance most 
commonly reflects point mutations or deletions in viral 
DNA resulting in reduced formation of viral phosphotrans¬ 
ferase. 

t ian<ic 1 1 >vsr is pi?orly hioav a 1 1abIc (9%. w i1h f m nl i 

More than 9CWfc of the drug i> eliminated penally, with a 
(plasma as opposed to tell) elimination half-Life of 2 hours 
Elimination half-life increases proportionately with creati¬ 
nine clearance, Fhe primary adverse effect is mydosup- 
presiion, with neutropenia securing in up to 40% and 
thrombocytopenia in SN to 20 1 of patients, Mydosupprev- 
sion more commonly occurs with intravenous administra¬ 
tion and is generally reversible by I week after discntitinua- 
tiore of therapy, but can be persistent and fatal, Treatment 
with granulocyte colony-stimulating factor may minimize 
neutropenia (Hayden, 1995). The risk of myelosuppression 


n 
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is increased when ganciclovir is combined with other t vto- 

toxic drugv Side effects in the CNS also are frequent, 
occurring in up to 15'. of human patients. Clinical signs 


include convulsions and coma. Other adverse effects have 
included infusion related phlebitis azotemia, anemia* fever, 
hepatic dysfunction, nausea, vomiting, and eosinophi Lia. 

Therapeutfe use of ganciclovir includes cytomegalovirus 
reiiniris, particularly in humans with A IDS-induced immu¬ 
nodeficiency* Ganciclovir is also used for treatment of 

any infection or prevention of infection (particularly in 
transplant recipients) associated with cytomegalovirus. 


Ribavirin 

Rihavirin 11 -fl-oriKvfuranosyj-1.2.4-triazole-3-eart*jv- 
amkte: Virazole) is a purine nucleoside analogue that is 
activated by viral phosphorylation and subsequently pre¬ 
vents the formation of mRNA and translation of viral 
genome (Do lire 1987; Gustafson, 1986). The action of 
ribavirin involves specific inhibition of virus-ass*stored 

enzymes, inhibition of The capping of viral mRNA. and 
inhibition of viral polypeptide synthesis. Thus, it is effec¬ 
tive against both DMA and RNA viruses and is a hroud- 
spectrum antiviral drug. Susceptible viruses include 

adenev iruses, herpes* irises, orthomyxoviruses, poxviruses, 
picorna viruses, rhabdo v ira ses, rotaviruses, arid retroviruses. 
Viral resistance in ribavirin is rare Ribavirin is well ab 

sorbed, widely distributed in the body, and eliminated by 
both renal and biliary mutes as both parent drug and 
metabolites, and hav a plasma half-life of 24 hews m 

humans It does not have a wide margin of safety in 

domestic animals. Toxicity is manifested by anorexia, 
weight loss, bone marrow depression, anemia, and. gastroin¬ 
testinal disturbances. It has been successfully administered 

by topical parenteral, oral and aerosol routes Ribavirin rx 
administered as ah aerosol to human patients afflicted with 
respiratory viral in feci ions thus avoiding the hematopoietic 

(ox kit ice associated with systemic use of the drug. In the 
cat. in vitro investigations revealed marked antiviral activ¬ 
ity against a strain of calicivirus but little efficacy for 
fhitkotracheilis (Dolin, 1987; Gustafson, 198b).. Tbe use 
of ribavirin in the treatment of HcLV is currently under 
irrvest i gation. 


Miscellaneous Anliherpes Drugs 
Fmcvmm 

Foscamet (phosphonoformic acid) is an inorganic triso¬ 
dium vdt that interferes directly with herpes viral DNA 
polymerase The drug may also be effective in treating 
retroviral infections due to similar interference with reverse 
transcriptase Direct actions preclude the need for intracel¬ 
lular activation. Foscamet has a U Kb fold greater affinity 
for viral as opposed to host DNA polymeraxc-a {Hayden. 

1995). Point mutations in DNA polymerase are responsible 

for resistance Foscamet is poorly bioavaiUble after oral 
administration. The ding is concentrated in bones, resulting 
in complicated plasma elimination. El i mi nation litt hu¬ 
mans) is bimodal with on initial 4- to 8-hour elimination 
ha)Fife followed by a 3- to 4-day ball life. It is eliminated 
primarily by the kidneys, with clearance decreasing propor¬ 
tionately with creatine clearance. 

m 


Major side effects in human patients include nephrotox¬ 
icity and hypocalcemia, which can become symptomatic. 
Scrum creatinine increases in up to 50ft of patients but 
decreases after therapy is sto 
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Acute tubular necrosis, 
cry stalluria, and interstitial nephritis have occured. Sodium 
loading before therapy may decrease die risk of renal 
toxicity. Because foscamet is highly ionized at physiologic 

pH. metabolic abnormalities are common in human pa 
tients Calcium and phosphorus may decrease or increase. 
Decreases tn ionized calcium may be sufficient to cause 
clinical signs consistent with tetany. Other CNS side effects 
reported in human patients (up to 25ft) include tremors, 

irr i ta bi t ity, sc i zure s, and halluc i n atrims. Fev er, narisen, 
vomiting, anemia, leukopenia, and hepatic dysfunction also 


'have been reported. Indications in human patients include 
cytomegalovirus retinitis and herpes infections that are 
resistant to acyclovir. 

Ftftcaroei has been shown in be effective prophylao 
tically in the treatment of feline rhinotracheilis. Its efficacy 

against retroviruses warrants further investigation for the 
treatment of FeLV. Currently, foscarnet is given to immuno¬ 
compromised human patients and is being studied in the 

cat for treatment of retroviral infections. 


Anti retroviral Drugs 


Zidovudine 

All clinically used (human-approved) antiretroviral agents 
are 2^3'-didetixynucleoside analogues. Zidovudine (AZT: 
Retrovir) is a thymidine analogue, %ithin die virus-infected 

cell, the 3'-azido group substitutes fur the 3 J -hydroxy 
group of thymidine. The azido group is then converted to 
a triphosphate form, which is used by retroviral reverse 
transcriptase Md incorporated into DMA transcript (Dolin, 

1987; De Clereq, 1987). The 3 substitution prevents DNA 

chain elongation and insertion ol viral DNA into the host 

cell’s genome, preventing viral replication. Thus, the shared 
mechanism of action of these drags is inhibition of RNA- 
dependent DNA polymerase (reverse transcriptase), This 
enzyme is responsible for conversion of die viral RNA 
genome into double-stranded DNA before it is integrated 

into the cell genome. Because these actions occur early in 
replication, the drugs tend to be effective for acute infec¬ 
tions but relatively ineffective for chronically infected cells 

{Hayden. 1995) Cellular n-DNA polymerases ore inhibited 

only at concentrations 100-fold greater than those neces¬ 
sary to inhibit reverse transcriptase, thus rendering this 
drag relativeh safe to host cells. Cellular y DNA polymer¬ 
ase, however, is, inhibited at lower concentrationi. 

Zidovudine is effective against a variety of retroviruses 
.it low concentrations (<0.001 to 0.04 pg/mL). In contrast, 

suppression off (human) myeloid cells occurs at higher, 
albeit low. concentrations (0.3 to 0.6 p.g/mfe). The intracel- 

3 ular concentration t i me of AZT i s 3 to 4 hours. Resistance 
to AZT is associated with point mutations resulting in 
amino acid substitutions in the reverse transcriptase. Pro¬ 
longed use of AZT can facilitate viral resistance. The risk 
of resistance also appears to correlate with CD4 cell count 
md the state of infection. A return in susceptibility of the 
vims to AZT raay occur after :hv drug has been discon¬ 
tinued for a period of time (Hayden. 1995) 
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In human patients, AZT is. rapidly absorbed, with a 
hiojivai I ability o { 60 % to ?(IT?, Hood impairs absorption 
Concentrations in the cerebrospinal fluid approximate 50% 
of those in plasma. lTic plasma elimination half-life is I to 
1.5 hours. In human patients, AZT undergoes first-pa** 
mmhohsm. Although metabolites appear ‘<> be void of 
antiviral toxicity, .u least one may contribute to myeloid 
toxictty. Granulocytopenia and anemia arc the major ad 
verse effects of AZT in human patients. The risk of toxicity 
increases in human patients with low (CD4 ‘ > lymphocyte 
counts, high doses, m4 prolonged therapy. Granulocyte 
colony-stimulating factor is indicated for management of 
granulocytopenia. Central nervous tystem side effects arc 
more likely as therapy is begun Other side effects reported 
in luunans include myopathy |characterized by weakness 
and paint. ncuroluxicilics, hep at tis l uncommon;, and 

esophageal ulcer a i ton, Resolution of myopathy occurs 
slowly after drug therapy is discontinued. The risk of 
mydosuppression is increased by drugs that inhibit glue- 
un mi dal)on or renal excretion. Therapeutic indications lW 


AZT in humans include treatment of human immunodefi¬ 
ciency virus tHIVi infections. Treatment, with AZT pro¬ 
longs survival, decrcnses the incidence of opportunistic 
infections, increases measures of immune function, and 
decreases HIV antigens and RNA. Zidovudine has been 
combined wills didanosinc or zulciiabinc for more sustained 

C D4* lymphocyte response. 

Studies in car-- regarding the efficacy of AZT 110 to 20 
tng/kg twice daily flu 42 days! for FeLV infection indicated 

that AZT prevents retroviral infection if administered im¬ 
mediate!) after virus exposure and may reduce replication 
if administered to previously infected animals I Cog an, 

1986), Serum-neutralizing antibodies developed in some of 

the infected cats, and the cats became resistant to subse¬ 
quent viral challenge. There was no altered progression of 
disease in cats lor whom treat men t was withheld until day 
2:8 post infection, although the level of viremia was much 
lower than in untreated cals. Zidovudine appeared lo be 
nuntoxk in uninfected cats, although $ of 12. infected 
kAlois became anorectic and icteric and were vomiting 
after 44.) days of treatment. Zidovudine may cause Heinz 
fuxly anemia (Scllon, 1998). < 'omplete blood counts should 

he performed cuts receiving AZT 


had life of up to 1,5 hours. Intracellular metabolism may 
he responsible for some plasma elimination. Side effects 

include painful peripheral neuropathy and pancreatitis. 
High iloses increase the risk lor both A history of pancre¬ 
atitis prcdjsjhyscs the patient to this side effect, Up to 7<K£ 
of human patients develop pancreatitis, although hyper- 
amylascnua will occur in up to 20%, Other adverse effects 
include diarrhea, rashes. ChS signs including insomnia and 
seizures, optic neuritis, and, rarely, hepatic failure or car¬ 
diac dysfunction. Animal studies also have Sound pstrcmi 
lesTinul. bone marrow, hepatic, and renal dysfunction, Dida- 
noMtrc is approved for ire at men l of advanced HIV 
infections in human patients intolerant of or resistant to 
AZT. Stavudine, a thymidine nucleoside, and /alcitahine. a 

cytosine nucleoside, are alternatives to AZT therapy for 
human patients l Hayden, 1995). 



Amantadine 

Amantadine and iis derivative rimantadine arc synthetic 
antiviral agents that appear to act on an early step at viral 
replication after attachment of virus to cell receptors. The 
effect seems to lead in inhibition or delay of the uncouling 
process that precedes primary transcription. Amantadine 
may also interfere with the early stages of viral mRNA 

tran script ton, Amantadine at usual concentraii ons inhibits 
rep] teal ion of different strains of influenza A virus, influ¬ 
enza C virus, Sendai virus, and pseudorabies virus. It h 
almost completely absorbed fn>m the gastrointestinal tract. 

and about 90% of a dose administered orally is excreted 

unchanged in the urine over several days (human data). 
The main clinical use has been to prevent infection with 

various strains of influenza A viruses In human*, howrv er, 
it also has heen found to produce some therapeutic benefit 
if taken within 48 hours after the unset of iltnc>s. Amanta¬ 
dine and its derivatives may be given by the oral, imrarta- 
* ai. subcutaneous, intraperiioncd. ur aerosol nnitev it pro- 
duces few side effects, most of which are CNS related; 
stimulation of the CNS. is evident at very high doses. 

Suramin 


Didanosirtt 


Didanosinc is a purine nucleoside effective against HIV, 
including strains lhal have developed resistance to AZT 
Although it is to I dOTold less potent than AZT. ii is 

more active in quiescenl cells and in nondividing {human) 


monocytes and macrophages. It also is not toxic for hema¬ 
topoietic precursor cells or Lymphocytes at clinically rele¬ 
vant conccmraticmh It is metabolized inside the cell to its 
active derivative (ddATPj, which competitively inhibits 
virus preferentially to host reverse transcriptase. Oral hio- 
availability of didanositic is about 40% in humans. Because 
it is very acid labile, food decreases absurptuHi by 50% or 
more. Didanosine is available as both tablets and powder 

with the tablet being 20k lu 25% more bioavail able than 
the powder. Only about 20% of drag in plasma distributes 
to the cerebrospinal fluid. Up lt> 60% of the drug is excreted 
unchanged through the kidneys, with a plasma elimination 


Suramin is a pulysulfonate hexasodium salt capable of 
inhibiting reverse uaoscriptase. Suramm is currently being 
investigated for its efficacy ir the treatment of I cl \ One 

sludv (Cugan, 198 b) evaluated the efficacy and safety of 

suramin (10 to 20 mg/kg) in two I eLV-infected cats. Al 

though toxic signs were limited to vomiting and anorexia 
{both revolving between treatments), viremia in both pe¬ 
ripheral bl<xxl cells and >erum did r m resolve. Serum viral 
jnfectiviiy transiently decreased during treatment but was 
significantly higher 14 days after treatment was discern 
firmed. Previous in vitro studies by the same author re 

vealed a 90% inhibition of mfcctjvity at drug concentra¬ 
tions of 100 mg/mL. 

I nosipkx 

Inosipkx fisoprirtosinc) is a compound formed from mo- 
vine ant! the para-acctamidohcn/oute salt of 1 -dimcihylam 
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ino- 2 - pftipanol. Inoxiple* can inhibit cvtopathk effect of 
several viruses in culture. In vivo e x peri men K however 
suggest that optimal activity of inosiplex occurs with thcra 
peutic administration after % iral infection and requires an 
adequate host immune response, The mechanism of iintivi¬ 
ral activity appears !o involve specific suppression of viral 
mRNA. Inosiplex does not appeal to be as efficacious as 
several ontimctaholiic an ij viral compounds. Inosiplex can 
also induce T-cclI differentiation similar to that induced by 

Ihymic hormones, apparently by augmenting RNA synthe¬ 
sis Thus, moviplcu may he more useful as an immunopo- 
lentialor in immunodeficient patients 1 see earlier discussion 

of biologic response modifiers) (Dolin, 1987; |)c CJervq, 

1987. Tin ere* cl al., 1487 ). 

Several drug classes continue to be investigated mainly 

because of (heir to vitro antiviral ocuviitc*. Their potential 

clinical usefulness remains obscure in most instances. In- 

eluded among these agents arc thi osemicarhazones, giuuti- 
dine, zidovudine uridnthymidine), benzimidazoles, aril- 
done. ph ns phono acetic acid, rifamycinx and other 
antibiotics, and several natural products. 

Interferon and Its Inducers 

Interferon* {see also Chapter 201 are a group of inducible 
cellular glycoproteins that interact with cells and render 
them resistant to infection by a wide variety of R.NA- 

contaitiing and DNA-containing viruses. In addition, inter¬ 
ferons have numerous other effects on target cells, in¬ 
cluding a reduction in the rate of cell proliferation and 
alterations in the structure ami function of the cell surface, 
the distribution of eytmskckial elements, and the- expression 
of several differentiated cellular functions. Interferons in 
duce The synthesis of rtew proteins that are responsible for 

the activation of cellular endonucleases that degrade viral 
mRNA. Human interferons are classified as a. fS or 7 , 

depending on their physical stability, immunologic neutral¬ 
ization properties, host range, and homology in amino add 

sequence. Those used m clinical trials have been produced 
by induction of synthesis by hitman white blood cells, 
fibroblasts, lymphoblasts, and more recently, recombinant 

DNA techniques in hacieria Numerous modes of antiviral 
action have been proposed: In addition to their ability to 
establish an antiviral stale in host cells they also appeal to 
modulate the immune system of the host. 

Interferons inhibit the replication of ii wide variety of 
viruses. Among the RNA-containing viruses, the tognvi- 
rusex, rhabdoviruses, orthomyxoviruses, paramyxos [ruses, 
troviruscs, and several strains of ptcomavirases and oncor¬ 
naviruses are sensitive to inhibition by interferons. Among 
the ONA-conuining viruses, the pox'viruses and several 
strains of herpes simplex types I and 2 viruses, as well as 
cytomegalovirus arc inhibited b> interferon*. Adenovir¬ 
uses are generally resistant. There are extreme variatiems 
in sensitivity to interferons among different types and even 
strains of virus, In addition, the responses in different 
model and test systems can he extraordinarily variable. 
Interferons appear not to be as useful in ihe therapy of 
viral infections as was hoped initially. A native human 
lymphokinc preparation containing an interferon has been 

use fuI against infectious bovine rhinotruchritis (IBR) an 
feeder calves under some circumstances: it appears to re¬ 


duce virus excretion during infection, tempers the pyrexia 
ussucia ted with IBR., and ma y i itip rove a ver a g e d at I y 
weight gain. Interferons are usually administered parenter¬ 
al I) but recently also have been used orally with some 
success. .Although rare al recommended dosages, side ef¬ 
fects may occur at higher levels. 


Several substances induce interferon and have been 
texted for the prevention and treatment of viral infections 
and for treatment of neoplastic diseases. Although effective 
in some model systems, interferon inducer* have not yci 
been found to be clinically useful because of their toxicity, 
H igh-molecu Lar-weight inducers include polyrihoinnsinic 

acictf poly ribocytidy lie acid or poly (ll/poly iC); low-molec¬ 
ular-weight inducers include Uloronc, aminohronwptoenyi- 

pyrimklinone, ami ainiitokiduphenyIpyri(nidinone 




Treatment of viral diseases m smalt animals is nonspecific 
and seldom includes antiviral drugs. Therapy tends to he 
suppnrtive, focusing on fluid and electrolyte supplemental 
non, prevention or treatment of secondary bacterial infec¬ 
tion, and treatments that support the function and structure 
of the organ targeted by the infection. By far, the most 

important approach to management of viral diseases in 
dogs and cats is prevention and, in particular, an effective 

vaccination program, In addition, isolation of infected ani¬ 
mals. and cleansing of environments contaminated with 
potentially infecting viruses is important to limiting the 
spread of viral infections. 


Treatment of Selected Canine Viral 
infections 


Canine Punodral KuterRis 

Parvoviral enteritis, caused by canine parvovirus-2 (CPV- 
2 >, is among the must common and fatal viral infections 
afflicting dogs, including most members of the family 

Can)doe. Infection by this highly contagious vims generally 
reflect* contact with infected frees. Animals, human*, and 

objects cun serve a* vector*. After exposure, viral replica¬ 
tion begins in the lymphoid tissue of the gastrointestinal 
tract from where it disseminates to the intestinal crypts of 

the small intestine. The vims localizes in the epithelium of 
the longue, oral and esophageal mucosa, small intestine, 
and lymphoid tissue. Because CPV-2 infects the germinal 
cells of the intestinal crypt, cell turnover is impaired and 
villi shorten Mitotic*! I > active myeloid cells and lymphoid 
cells are also targeted, leading to neutropenia and lympho- 
penia. Complication* of intestinal damage include bacter¬ 
emia. endotoxemia, and disseminated intravascular coogu- 

lotion (DIG), Infections are most severe in puppies less 
than 12 weeks of age due to their immature immune 
system. Clinical sign* include vomiting (which can be 

severe), diarrhea, and anorexia. Animal* may he febrile. 

Clinical pathology may reveal leukopenia. Myocarditis can 

develop in patients infected in utcru Of less Ulan 8 weeks 

of age, Diagnosis is based on clinical signs, leukopenia 
(generally proportional to the severity of illness), and en¬ 
zyme-linked immunoassay (ELISA) antigen testing. 
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Therapy for canine par vo viral enteritis is symptomatic 
and focuses an restoration sit fluids and electrolytes and on 

prevj.: ni ion or trea< mem of bacteremia or en dotoxemia 

Fluid therapy is the single most important treatment and 
should be aggressive and continued as long as the patient 

is vomiting and diarrhea is present. Among the anUemeUes, 
incuxdoprjimidc is must successful, although ondansetron 
should be etmsidcred for animals that fail to respond. 
Treatment of diarrhea is .generally not indicated. The use 

ot narcotic motility modifiers (e,g., loperamide, diphenoxy¬ 
late i has been recommended if necessary (Hoskins. 1998), 
but their use may prolong die presence of undesirable 
toxins in the gastrointestinal luman. Thus their use is 
discouraged Amimictobial therapy should locus on both 

gram-negative toll forms and anaerobic organisms, [n gen¬ 
eral. an injectable (i-laclam combined with an aminoglyco¬ 
side have prosed efficacious. Fluid therapy, onec-daily dos¬ 
ing, and the immature nature of pediatric canine kidneys 
provide protection against aminoglycoside-induced renal 
disease, Fluor mated quinokmes should be avoided if possi- 
bit because of the risk of cartilage damage. Ceftiofur 
has been used because of its potential for intravenous 
administration and its efficacy against Escherichia one 
of the major contributors to seconder) bacterial complica¬ 
tions of parvovirus. Note, however, (hut efficacy and safely 

at doses necessary to control die systemic bacterial complt 
cations of parvovirus have not been documented. In addi¬ 
tion, efficacy against anaerobic organisms of Ihc gastroirt- 
icsimal tract has no! been tfudicd 

Parvoviruses ate exircmcly stable, fitting resistant to 
environmental conditions and many chemical disinfectants 

Canine parvovirus is susceptible tu sodium hypochlorite 11 
pan household bleach to 30 parts water). Exposure lo 

diluted bleach must be long. 

( a nine Distemper 

Canine distemper (Greene and Appel. 1998] spreads hy 

aerosol izat ion 10 the epithelium of the upper respiratory 
tract, Multiplication in tissue macrophages leads to spre,id 
to lymphatics, tonsils, bronchial lymph nodes, and, ulti¬ 
mately, to lymphatic tissues of five gastrointestinal tract, 
liver, and other organs. Additional spread generally is he¬ 
matogenous Leukopenia characterized by lymphopenia de¬ 
velops as the virus proliferates in lymphoid tissues Ani¬ 
mals with adequate immunity are able to dear infection 
within & to 9 days. In dogs with an insuftieicM immune 
response, tin; unis spreads to i»l her tissues, including the 

skin and other organs. Persistent viral infection of the CNS 

appears to develop m dogs dial are not able to generate 
circulating tgG antibodies to the viral cnvtrhipc, Immune 

complex deposition in the CNS may facilitate viral infec¬ 
tion 1 esions and Iheir sequelae in Ihc CNS vary with the 
age ar>[ immunocompctence ot the dog, the pathogen idly 
of the virus, and the duration (acute vs. chronic) of infec¬ 
tion, Acute eiieephalilis is more likely in young 01 iinmuno- 

suppressed dogs and reflects direct viral damage. Deniyc- 
Unation poliucnccphalomalacin is characterized b) minimal 
inflammation. Continued infection in the C NS leads to 
progressive increases in the immune response, ultimately 

contributing lo continued ami widespread damage (firnruc 
infection is associated with increased concentrations of 


anti myelin antibodies, activation of macrophages, and re¬ 
lease of reactive oxygen radicals. Despite resolution of 
inflammation in surviving animals, canine distemper virus 
can persist in infected brain tissues. 

Clinical signs vary with the extent of infection am! 
include general lUtk^Miess, fever, upper respiratory tract 

infection I similar to kennel cough), keratoconjunctivitis 
sicca, serous to mucopurulent discharge, and vomiting arid 
diarrhea, often associated with tenesmus. Animals may 
become severely dehydrated. Neumlogic signs generally 
develop after recovery (generally at l to 3 weeks but can 
he up to several months) and tend to fie progressive, Mature 
animals can abruptly develop neurologic signs despite prior 

vaccination and tio previous evidence ot disease Oinkal 

signs of CNS involvement vary with ihe area of the CNS 
affected and with the magnitude of damage and include 
hyperesthesia, cervical rigidity, seizures, cerebellar signs, 
paraparesis or tetraparesis, and myoclonus. Diagnosis is 
bused immunologic testing of IgM i EUSA), Measure 
meats of IgG in both serum and cerebrospinal fluid may 
fie useful for defecting chronic CNS infections. Immunncy- 
tolmgy may also be helpful tn Ihc diagnosis of canine 
distemper, although the need for special equipment renders 
this aid less practical, 

The most appropriate approach foi limiting morbidity 

and mortality assot lated with canine distemper is proper 
vaccination (Greene and Appel, 1998), Treatment continues 
lo be largely supportive and focuses on prevention or 

treatment of bronchopneumonia {usually caused by 

teUu famwchixepiica), fluid and electrolyte support with 

supplementation of B vitamins as needled, and treatment 
or neurologic signs Progression of neurologic signs* way 

provide justification fur treatment of cerebral edema (e.g., 

single administration of dexamethasone) (Greene and Ap¬ 
pel. 1998). Seizures should be treated with anticonvulsant 
medical tons (diazepam for immediate control, phenobarta 
tal or bromide for long-term control). Myoclonus :■> not 
treatable. Chronic inflammatory forms of distemper (in- 

i hiding optic neuritis, encephalitis) may require long-term 
glucocorticoid therapy. Glucocorticoids that are more effec¬ 
tive in their ability to control oxygen radicals (e,g., methyl 
prednisolone) may offer an advantage, although thin has 
not be clinically addressed with controlled studies. Therapy 
w ith ascorbic acid intravenously has not been proved to be 
clinically useful but nonetheless, has been recommended 
(Greene and Appel, 1998). Infections associated with mea¬ 
sles in children apparently have responded favorably to 
two treatments with vitamin A (200,000 ID or 60 mg) if 
given within 5 days of the onset of clinical signs, (fGreene 

and Appel, 1998), Canine distemper virus is extremely 
susceptible to common disinfectants. 

Infectious Canine Hepatitis 

Infectious canine hepatitis (Greene, 199R»> initially local - 

izes i:i tils ' 4 tonsils and spreads to regional lymph nodes and 

then to the bloodstream. ‘"Fite v ires rapidly disseminates to 
all tissues, with hepatic parenchymal cells and vascular 
endothelial cells serving as the primary' targets. Cytotoxic 

effects of the virus cause injury tn the liver, kidney, and 
eye. In immunocompetent animals, infection is cleared 
within 7 days. Acute hepatic necrosis tends lo develop in 
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im murk® twom pet enl animals. Although acute necrosis h 
the imwi common cause of death in animals surviving the 

intial phases of infection, it also can be .sell Limiting Ani 

ma)s that respond with a partial neutralizing antibody tend 
to develop chronic active hepatitis, which can progress to 
fibrosis. Although renal lesions may develop with acute 
infection, progression to chronic renal disease apparently 

does not occur Animals, however, remain prune to pyelo¬ 
nephritis. Ocular location of the virus occurs in about 2H r £ 

of animals and can cause severe anterior uveitis and cornea] 
edema. Ocular lesions tend to be self-limiting unless com¬ 
plications develop. Disseminated intravascular coagulopa¬ 
thy is a frequent -scute complication of infectious canine 
hepatitis, probably triggered by widespread endothelial 
damage and activation of the dotting cascade. Decreased 
hepatic function and inability to clear products of degrada¬ 
tion and synthesize clotting factors contribute to DIC, Clin¬ 
ical signs in the acute stages of infectious canine hepatitis 
include enlargement of lymph ore Ocular tissues, fever, 
coughing, abdominal tenderness associated with hepato¬ 
megaly, and hemorrhagic diathesis. J jss commonly, icterus 
and ('NS signs may develop. Ocular lesions may be associ¬ 
ated with blepharospasm, photophobia, cloudiness of the 
cornea, and octalar discharge. Diagnosis is based on clinical 
laboratory changes consistent with damage caused by sn- 

factious canine hepatitis and serologic testing. 

Therapy is supportive and should continue until the liver 
has adequately healed from acute damage. Therapy focuses 
on fluid and electrolyte support, treatment as indicated for 

DLC (including both replacement therapy and anticoagulant 
therapy I, and treatment far hepatic encephalopathy as 
needed m acute stages. Hypertonic glucose (0.5 ml,, kg of 
a 50*$ solution given intravenously over 5 minutes) may 

be helpful in the presence of hypoglycemia. Polyiitosinie- 

polycybdylic acid, an interferon inducer, has been used 

ex peri menial I y but is not a practical therapy. Persistence of 

chronic liver disease should be treated as is appropriate 
Jn tec items canine hepatitis is very resistant to many 
chemical disinfectants, including chloroform, ether, acid, 

and formalin. Chemical disinfectants that appear to he 
useful include iodine, phenol, and sodium hydroxide. The 

application of steam (5 minutes m 50* to 60* F) may be a 
reasonable method of disinfection for instruments 

Canine Infectious Ttucheotoronchitta 

The most common causative organisms of kennel cough 
are canine parainfluenza vims, a single stranded RNA vi¬ 
rus. and B, bnmcfmrpth-it (Ford and Vaden, 1998). Other 

viruses and bacterial infections arc also associated with 
the syndrome Bacterial causes of tracheobronchitis are 
discussed in Chapter 10. Viral transmission occurs primar- 

ily by aerosol«, for some viruses, by oronasal contact. The 
lack of viral replication in macrophages limits infection of 
the virus to the upper respiratory tract, .although, it is the 
viral-induced damage to the respiratory epithelium that 
allows secondary bacterial infection. B bronchiseplica 
preferentially attaches to the respiratory epithelium, repii 
cates on respiratory cilia* and releases potent toxins that 
impair phagocytosis and cause ciliostasis* allowing infec¬ 
tion by opportunistic organisms. The most common clinical 

signs associated with canine infectious tracheobronchitis 


(ITB1 is paroxysmal nonproductive coughing, often associ¬ 


ated with retching. Edema of the vocal folds is responsible 
for the characteristic "honldng" sound of ibe cough. His¬ 
tory includes exposure to other dogs* often m a boarding 
facility. Diagnosis in based on history and clinical signs. 
Culture of the tipper airways (via bronchoscopy or transtra¬ 
cheal wash} can support diagnosis of a bacterial compo¬ 
nent. Rising antibody liters may be helpful in identifying 
a specific viral etiology. Therapy focuses on control of 
cough and. in cases complicated by persistent bacterial 
infection, antimicrobials. Glucocorticoids may be helpful 
for controlling cough but do not appear to shorten die 
clinical outcome. Anlitussivc therapy should include both 
peripheral bronchodilaiors and centrally active drugs. Nar¬ 
cotic derivatives are more likely than non-narcotics to 
control cough associated with 1TB, Aerosol therapy may 
be helpful lji cases associated with marked accumulation 
of respiratory secretions or pneumonia. Mucolytic*, such 
as JV-acetylcysteine, may be very irritating to tbe respira¬ 
tory tract and can be given orally or parenteral ly. 

Parainfluenza virus is susceptible to sodium hypochlo¬ 
rite, chlorbexidine. and beniallconium solution. Control of 
outbreaks in a kennel may require isolation of the entire 
fac ility for up to 2 weeks. Vaccines are available; intranasal 
vaccination may lead to clinical sign.s- typical of ITB, 


Treatment of Selected Feline Viral 
Infections 


F dine 



Feline panlcukopenia (Greene. 1998b} is caused by parvo¬ 
virus transmitted by direct contact between cats or between 
cats and vehicles acting as vectors. As with other parvovi¬ 
ruses, cells (bat are rapidly dividing ore particularly suscep¬ 
tible to infection, including bone marrow, lymphoid tissue, 

and intestinal mucosal crypt cells, in liter® infection can 
cause ii number of reproductive disorders in the pregnant 
col, ranging from loss of fetuses if infection occurs early 
in the pregnancy lo birth of affected kittens. Injuries in 
kittens occur in the CN'S. particularly the cerebellum, optic 
nerve, and retina. Panleukopenia causes acute signs, includ¬ 
ing fever, depression, anorexia, and, ks* frequently, vom¬ 
iting, Dehydration cm be extreme. Other potential clinical 
signs include ulceration, bloody diarrhea und icterus, and 
signs indicative of DIC, Queens infected during pregnancy 
may be diagnosed with infertility, and dead fetuses may 
mummify. Kittens affected in utero present with classic 
signs of cerebellar hypoplasia. 

Diagnosis generally is based on a complete blood count. 
Therapy is symptomatic md focuses on fluid and electro¬ 
lyte replacement (with vitamin B) and maintenance, anti 
■emetics (generally metacJopramidek and brood spectrum 

antibiotics to control secondary infection. Diazepam or 

other appetite stimulants can he attempted in anorectic cats 
that nft not vomiting- Blood transfusions may lx* indicated 
in ibe presence of severe anemia. 


Feline Infectious Peritonitis 

Feline infectious peritonitis IFIP; Addie and Jarrttt, 1998} 
i:s caused by corona viruses after ingestion and possibly 
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inhalation of the virus. Transmission appears to be direct 
through feces or saliva, mutual grooming, and close con 

tact inierocytes contain a receptor for the virus, and repli¬ 
cation apparently takes place in the gastrointestinal epithe¬ 
lium, Immune completes that form in response to the 
virus or the specific viral antigen include both antiviral 

antibodies and complement Activation of complement 

leads to the release of vasoactive amines, endothelial retrac¬ 
tion. and increased epithelial permeability, which in turn 
allows exudation of the protein'rich exudate typical of 

FIR Neutrophil accumulation and subsequent release of 
lysozymes cause vascular necrosis. Systemic involvement 
may reflect spread or viral -infected macrophages and sub¬ 
sequent complement activation or deposition ot immune 

complexes from circulation inio tissues Pyugranulomata 
develop, the magnitude of which reflects die si/e. number. 

and amount of antibody and antigens. Regions of high 

blood pressure and turbulence appear to be more common 

sites of deposition. Clinical signs of FIR thus vary with the 
site of virus and immune complex deposition and generally 
reflect either an effusive or noneffusive form. Effusive FlP 
causes ascites with or without pleural effusions Noneffu- 

Mve MP tends to be vague in presentation and includes 
fever; weight loss anorexia, and depression. Ovular lesions 
are common, characterized by iritis, hypopyon, and hy¬ 
phema. PyograimLomain may be present in the vitreous or 
the retina. Neurologic signs arc not uncommon and include 
ataxia, nystagmus, and seizures Meningitis may lead to 

tremors, hyperesthesia, behavioral changes, or cranial nerve 
defects, Hydrocephalus also may develop Diagnosis can 
he confirmed only by immunohistochemical or immuno- 
fluurescent staining of intestinal biopsy tissue. Clinical 
pathologic changes and serology, however, provide support 
for the diagnosis. 

Treatment of FIP is controversial. Treatment of cats 

with clinical signs h largely palliative aid focuses on 

improving the quality of life, generally by controlling the 
immune response. Although glucocorticoids m seropositive 

tats mav decrease the development of immune complex 
disease and thus the inflanimator} sequelae, tliey also mas 

cause immunosuppression and subsequent precipitation of 
FIR Treatments have included immune-suppressive doses 
of prednisolone and cyclophosphamulc; or mclpholon 

mg/m* or one fourth of a 2-mg tablet orally every 48 hours) 

or chlorambucil (20 me m- every 2 to 3 weeks, orally), 
interferon I human alpha) {2 x HP ll 7kg per da> intramus¬ 
cularly for the effusive form and 30 lU/kg per day for 7 
days on/7 days off for the noneffusive form), and support¬ 
ive drugs. Supportive therapy includes fluids m necessary, 
antibiotics, ascorbic acid, vitamin B, and vitamin A. 

Corona v inti loh be removed from the environment With 
chemical disinfection using diluted (1:32) sodium hypo 
chlorite solution. 

Feline Respiratory Disease 

Feline rhinovirus and culicivinis are the major viral causes 

of respiratory disease in line cal 4 Gasket! and Dawsohn, 
I 998 v but a number of bacterial organisms contribute to 
the pathogenesis, including 8 brxmchiseptica, Mycoplasma 
species, and Chlamydia psittact Other viral organisms 
(eg. teoviruv poxvirus) uKo may contribute. Rhiuovinis 


is a herpesvirus. Natural routes for both viral infections are 
via the nasal, oral, and conjunctival mucosa Viral replica¬ 
tion of rhinovims occurs primarily in the nasal mucosal 
epithelium and, for calicivmis, throughout the respiratory 
epithelium Growth of rhinovirus tends In be restricted to 
areas of lower body temperature; thus, lesions lend to be 
limited lo the nasal mucosa and the pharynx. Lesions 
reflect necrosis and result in the typical clinical signs of 
marked sneezing, pyrexia, depression, and anorexia. Cats 
may salivate. Conjunct]vitis with chemosis and hyperemia 
arc common, with mucopurulent discharge of the flares and 
eyelids developing Oral ulceration is rare. Damage to nasal 
turbinates can be extensive and permanent, leaving the 
infected cats susceptible to cbronK 1 upper respiratory tract 

infections te g.* rhinitis, sinusitis) and conjunctivitis, Cali- 
civirus infection has variable clinical signs because it is 
more likely it) infect the Lungs. Ora! lesions (lip of the 
tongue, mouth, and nose) arc the most predominant sign, 
reflecting epithelial necrosis; fever and mild respiratory 
and conjunctival signs also occur- Feline calk’vims also 
has been associated with chronic gingivitix/stomatiris. 
Sneezing and ocular and nasal discharge are not as common 
as with Hiinovirus. Pulmonary lesions begin with alveolitis 

] ouneneu aliC may fwca.vaiunally develop. 

With the exception of ocular rtijnovirus infection, treat¬ 
ment of feline viral respiratory diseases .ts supportive. Ocu- 

lor herpetic infections can be treated topically with a num¬ 
ber of antiviral drugs, Examples include, in order of 

effkacy, trifluridme (!*&.), id<murktinc <(i. 1 %). vidarabine 
(3 f £) and acyclovir i Vfr>. Each must be applied at 4-hour 
intervals for I week beyond the resolution of clinical signs 
(M arti 'i.l 9981 Inleifeion-a ; (300,(GO 11' v i al reconst ituled 
in artificial tears) can also be used (topical regimen as 
with antiviral drugs), although its efficacy is not known. 
Supportive therapy should include antimicrobials (e.g, f 
fluorinated quinolones, doxy cy cl ine) that target presumed 
or known infecting bacterial organisms. Oral medication 

may he difficult to administer; injections and medications 

that can be given once daily ihus may be preferred. Nasal 
decongestants may be helpful during the acute phases, but 

note that u - adrenergic decongestants may contribute to 

nasal mucosal necrosis due to impaired blood flow. Aniihiv 

taminergie products arc probably preferred. Mucolytic 

drugs and mtxol ine tics may facilitate movement of accu¬ 
mulated respiratory secretions N-acety I cysteine can be 

given via injection rather than orally. Aerosolization also 
may be helpful because lesions tend to predominate in 
upper airwiys. 


Feline Viral Nmpluli 

Feline leukemia vims I FeLV) is caused by an oncornavirus 
subfamily of retroviruses Viral replication depends on the 
presence of reverse transcriptase (RN A-dependent DNA 
polymerase) fhe enzyme makes a provims (a copy of 

DNA) that is subsequently inserted into the host genome. 
The binding site of FeLV is. the major envelope glycopro¬ 
tein (gp70); antibodies to this envelope provide preiicetive 
immunity. Malignant cells also contain the feline oncorna¬ 
virus cell membrane antigen (FOOl Vi; high levels of 

FOCMA antibodies render the cat resistant to viral induced 
leukemia or lymphoma. FeLV k contagious, with transmis- 
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sion uct Hiring ja the saliva after clove contact between 
cuts, iatrogenic transmission can occur through contami¬ 
nated blood nr mstminenL\ that penetrate (eg,. needles) 
Ini tin1 infection is characterized by malaise and lymphatte- 
nopathy. C ars that mourn an adequate immune response 
recover Feline leukemia virus spreads hemal ogenoud y u> 
the hone marrow m cats that do no l mount an immune 
response Cals can become latently infected, with the virus 
residing undetected {by ELISA, fluorescent antibody test¬ 
ing, or viral culture I in the hone marrow. 

Cats infected with FeLV die due to viral-induced neopla* 
sia (lymphoma or leukemia), suppression of ihe bone mar¬ 
row (anemia), or infection* caused by FcLV-induced immu* 
hosuppression. Bone marrow suppression occurs because 
Fcl.V can block differentiation of eryihroid progenitors. 
Other mechanisms may also be involved. Platelet and leu- 

kocyte abnormalities also may occur, and a pan leuko¬ 
penia-1 ike" syndrome has been described induced by FeLV, 

Immunosuppression reflects disruption of T-cdl function, 
ultimately impacting both cellular and humoral immunity. 
Immune complex disease lias been described and can be 

induced experimentally with antibodies to gp70. Clomeru 
lonephritis may be a sequela. Other disorders include those 
of the reproductive tract (infertility* abortions, endometri- 

ris), lymphadenopathy tmosi severe in submandibular 
lymph nodes), osteochonctaomas, and olfactory neurobUsto- 
mas. Diagnosis of FeLV is based on fluorescent antibody 
testing and LLISA The indications ami advantages for 
each are described elsewhere (.Cotter. I99H), 

Treatment of FeLV-rclated diseases varies with the syn¬ 
drome resulting from the infection and, few- most syn¬ 
dromes, has been discussed in other chapters, Lymphoma 

is generally fatal within 1. to 2 months if not treated. 

Prognosis for complete remission is relatively good for the 
otherwise healthy cat (Cotter, 19981. Treatment focuses on 
combinations of chemotherapeutic drugs and. for selected 
cancers (eg . nasal lymphomal. radiation therapy, Single- 

agent glucocorticoids are relatively ineffective and are pal¬ 
liative only, The most commonly used combination of 
chemotherapeutic agents is c>dopboaphamide. vincristine* 

and prednisone, Other drugs that might be added to this 
regimen, depending on the cell type and response* include 
doxorubicin ami. less commonly, l asparaginase, cytosine 
arabinoside, and methotrexate. Anticmetics may be neees- 

s m. as might appetite stimulants tcyproheptadine, diaze¬ 
pam, megesirol acetate), 

Acuu* leukemia lends to be less responsive. Cotter 

(1998) reports a 25% remission rate for acute lymphocytic 
leukemia when vincristine and prednisone are used bul no 

survival in cats with acute myelogenous leukemia when 
doxorubicin or cytosine arablnoside is used Bone marrow 

suppressive disease is treated with repetitive blood transfu¬ 
sion* Previously seropositive cats have converted m sero¬ 
negative (ELISA negative) status after blood transfusions* 
generally after the Itrst treatment. Prednisolone may in¬ 
crease the life span of erythrocytes if immune-mediated 
destruction is contributing to anemia. Human recombinant 
(and, when available, canine recombinant) growth factors 
may be useful for increasing bone marrow production of 
precursor cells despite the fact that most animals with 
anemia have high endogenous concentrations Response lo 
human recombinant erythropoietin (100 U/kg, subcsiiaiw- 


ouily three lime weekly) requires about 3 to 4 weeks. 
Th is product should be reviewed before its use.. Likewise* 
recombinant granulocyte colony-stimulating factor may be 
of benefit in the treatment of leukopenias. Development of 

antibodies to both of these products may limit their use 
beyond several weeks. 

No antiviral drug has been shown to clear a FeLV 
v iremic cat Drugs that fiuget reverse transcriptase, such as 
AZT. offer the most promise for effective therapy. Zido¬ 
vudine suppresses viral replication bul will not eliminate 

the virus. Experimentally, die drug can prevent vhernia, 
when administered <:6d mg/kg per day i within 96 hours of 
infection. Zidovudine \ 30 mg/kg per day ) inhibited ami gen¬ 
erate in kittens and prolonged survival time from 35 to 102 

weeks. Myelosuppression* however occurred in 33% of 

the treated cats Zidovudine may be beneficial in reducing 

FeLV-associated diseases; one study reported improved 
health flatus and a reduction of oral lesions in cats with 

FeLV-associdled stomatitis. Phosphomelhoxycthy I adenine 
(PM LA)* another reverse transcriptase inhibitor* also has 
been studied in cats, Cats with stomatitis associated with 
FeLV responded better to PMEA (AZT given at 5 mg/kg 
every 12 hours), hut adverse reactions lo the drug are likely 
to limit its use. 

Other therapies have been studied or reported after em¬ 
piric use in cats with FeLV-.related diseases. Antibodies 
that target gp70 have proved useful experimental I y only 
when given within 3 weeks of the initial infection. Imran- 

nostimulants (interferon ret, staphylococcal protein A* Pro - 

pwmbacsenum acnes acemannon) have been studied with 
variable success, but no well-designed study has proved 
efficacy, Of these products, interferorwx has been shown 

scientifically to reduce tlx- development of disease (but not 

reverse vircmiah thus prolonging survival. Staphylococcal 
protein A has reversed viremia in a few cau, but only 
a small number of cats have been studied Lhimatdy, 
combinations of therapies te g , antiviral drugs combined 
with irnmunomodulators) may provide the must effective 
means of treating oi controlling FeLV-related diseases. 

Feline ImnimtoddkleiKy V inis 

Feline immunodeficiency urns (FIV) t like HIV, is caused 
by a lentcvinis r Sell on. 1998). 1 ike FeLV, transmission 
among cats occurs via saliva or blood, presumably through 
bite wounds, Tran-vrmxsimt afro cast occur in ntero or via 
milk in nursing infants. Viral replication begins in 

Lymphoid tissues and sal is ary glands and spreads to mono- 

nuclear cells and nonlymphoid organs. Clinical signs may 
occur during the initial phases of x iremia The receptor for 
FTV is not known, but it is not CD4 + . Because C.P4 + 
cells decrease early, FIV causes progressive disruption of 
normal immune function. The cause of the decrease is not 
known* but the result is an inversion of the normal CD4 + / 
CDS + ratio in infected cats, CD8 + cells may increase, 
contributing to 'the inversion Formation of immunoglobu¬ 
lins fd> ^regulation may lead lo hypergammaglobulinemia 
in some coses) and cytokines also is disrupted. Several 
phases of infection have been described after infection with 
FIV an acute phase, followed by a clinically asymptomatic 
phase that varies in duration, and a terminal phase Other 
phases have been described by other investigators* 



Antiviral 



As with HIV, clinical signs of FIV are highly variable, 
reflecting different tissues and the role of secondary pat ho - 
gens. Secondary bacterial infections reflect opportunists 
micro Ilmira. Infections by fungal (eg.. C'r\ptn<iHTui) and 
pmto/oul (e,g.. 7b anplasrrta J organisms also should be ;m~ 

licipated. Abnormal neurologic signs are not uncommon 
and may reflect an inflammatory response to altered 
astrocyte metabolism. Changes in behavior are most com¬ 
monly reported, followed by seizures. paresis, motor utmoi- 
malities, and disrupted sleep patterns Direct damage is the 
most common cause of neurologic signs, although second¬ 
ary infection by Toxoplasma or CrTpriAncciw should be 

considered. Abnormalities in renal function and wasting 

disease also may reflect cither abnormal function or m 

inflammatory response in the respective organs. Ocular 
diseases include anterior uveitis (due la either F1V or 
opport u n i s i i c xe can d ary c rgai \ i s in s >, gl a wc o m a, v i f re a I 
changes, retinal degeneration, and retinal hemorrhage. Res¬ 
piratory disease generally reflects secondary in feci ion. 

Neoplasia is a common cause for presentation A number 

of tumor types have been reported in FlVdnfcctcd cats, 
including lymphoma* (usually 0 cell) and leukemias. 
Diagnosis is based on clinical signs and serologic test 

mg. Therapy focuses on supportive care, Antiviral therapy 

thus far has been unrewarding. Both A/T and PMEA have 

been studied, with neither drug preventing infection The 

ortscl to detectable viremia and immunologic changes can, 

however, lie prolonged A trend toward normalization of 


inverted CIM + /CD8+ ratios and clinical evidence of im¬ 
provement in diseases such as stomatitis have occurred. Of 
the two dings, AZT js most likely to improve the quality 
of life of a cat infected w ith FIV. la general improvements 
in the cat's general condition, immune status, and quality 
of life can be expected, along with a longer life span. 

Benefits of immunomodulatory in cats with FIV arc mt 
clear, and assessment of tcientiftc studies is clouded by the 

additional use of antibiotics and other drugs Immunovtimu 

laiion should he avoided, however, because of die associa¬ 


tion of enhanced immune response with enhanced produc- 
lion of FIV experimentally. Supportive therapy as described 


for FcLV (eg., growth factors. mlihiotic^) is also appro¬ 
priate for FIV. 
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Disinfectants, antiseptics, and germicides arc expected to 
play an even more important mk in the future in control¬ 
ling microbes in both the veterinary' patient and hospital 
(King, 1995 1 , When used preperly. d;sinfeetants, amisep- 
ticn, and germicides participate in both the prevention arid 
treatment of disease. Despite there being as many -as 300 
germicidal products available, just over 10 of these are in 
more than 905r of the regi sicced products in the United 
States (Fasere and Bond, 1991 ), The veterinary clinician 

needs to be familiar with only » relatively few germicidal 
products to make an informed decision esteeming their 
selection and me. 

Definitions of appropriate terms, characteristics of disin¬ 
fectants and antiseptics by chemical type, factors affecting 
disinfection and antisepsis, and disinfection and antiseptic 

practices germane to veterinary practice arc reviewed in 
tins chapter ti is hoped that, through greater understanding 
of the properties of disinfectants and antiseptics, veterinary 

clinicians will use them appropriately. 



Pertinent to the subject of disinfect ion and antisepsis are 
the following definitions (Block. I99la; Greene. 199B): 

Sterilization: Die act or process, physical or chemical, 
that destroys or eliminates all forms of life, especially 

in Icroorgan isms. 

Disinfection: Die killing of pathogenic agents by chemi¬ 
cal or physical means directly applied. Disinfection 
processes lack the margin of safely achie ved by steri- 
1 Nation procedures, particularly concerning their lack 
of spoticidal power. 

Disinfectant; An agent, usually chemical, that frees from 
infection by destroying disease* producing or other 
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harmful microorganisms, This term generally refers 
to substances applied to inanimate objects. 

High-level disinfectant: An agent that has effectiveness 
against bacterid endospores under the proper condi¬ 
tions. High-level disinfectants are lo be used on criti¬ 
cal items (items that, tf contaminated, impart a sub¬ 
stantial risk of infection to the patient). 

Intermediate-level disinfectant: An agent that inactivates 
•the tubercle bacillus riot does not necessarily kill 
bacterial spores. These disinfectants may be used on 
semicritical items, which carry an intermediate risk 

of inducing infection in the patient. 

Low-level disinfectant: An agent that rapidly kills vege¬ 
tative forms of bacteria and fungi but cannot he relied 
on to destroy, within a practical period of time, bacte¬ 
rial cndo&pnres, tubercle bacillus, or small nonlipid 
viruses. These disinfectants are indicated only for use 
on noncritical items that carry relatively little risk of 
inducing infection in the patient. 

Antiseptic A substance that prevents ur arrests the 
growth or action of microorganisms on living tissue 
either by inhibiting their activity or by destroying 
them. 

Germicide: An agent that destroys microorganisms, es¬ 
pecially pathogenic organisms 


Tile distinction between disinfectants and antiseptics is 
not always clear (Table 13-1), Antiseptics are usually the 
weakest and least toxic of the surface antimicrobials 
(Kahns. 1995), Antiseptics may he used on intact skin or 
mucous membranes before a surgical procedure or in the 

treatment of open wounds. Regardless of their use, antisep¬ 
ses should exert a sustained effect against microorganisms 
without causing tissue damage (Brown and Zitelli, 1993), 
Although some specific germicides may be used as both 

disinfectants and antiseptics (e g * alcohol* and iodines), it 

is ti- it generally recommended to us* on antiseptic for the 
purpose of disinfection and vice versa. 
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Table 11-1 Categorization Qf Germicides Disinfectants, 
Antiseptics, dr Both 


Germicides Most 

Appropriately Uted 

at Orsmlactanli, 

Germicides Most 

Appropriately Used it 

Antiuptict 

Germicidal 
Effective at 

Both Disinf tennis 
and Afrtttapbti 

Alikhjdc compmjrnU, 

f formaldehyde ami 

glufafalddoik i 

Chi i xbc inline 


ChkritK 4 JxJ cfikwiirK 

Dilute sodium 

Chloroxyfcnol* 

comptiuiitli 

h^pochhirillf ioLuIhmi 
i DukinS M'lultun J 


Ethylene nmtifc 

EDTA 

tndines 

Hytktfcn perns ide 

Phtneli 

QiUEetitjJS jiiLnuHUUin 

cnfnpmmdi 

ludophors 



CHARACTERISTICS OF DISINFECTANTS AND 
ANTISEPTICS BY CHEMICAL TYPE 


The characteristics of the following 10 lypes of divinfec- 
tunis, anti optics, and germicides are presented: alcohols. 

aldehyde compounds (formaldehyde and glutaraldchyde). 
chiorbexidmc, chlorine and chlorine compounds, ethylene- 
diiminetetraacetate (liDTAf, ethylene oxide, iodine and 

iodine compounds, peroxvgen compounds, phenols (includ¬ 
ing chloroxylenols), and quaternary ammonium com¬ 
pounds, Mechanism of action (presumed or established). 












each chemical type (Fig. 13- I). 



Alcohols possess the following features desirable for a 
disinfectant: bactericidal action, against vegetative forms, 
relative iimxpcnse* ease of availabilil). and relative nonto A - 
icity when used topically (Larson and Morton, 1991). Alco¬ 
hols are used alone nr in combination w ith phenols, chlor- 
hexidme, iodines, and quaternary ammonium compounds 
(Jeffrey, 1995), Alcohols appear to exhibit their antimicro¬ 
bial effect by denaturing proteins. Lysis of some microor¬ 
ganisms may occur, although the bacteriostatic action of 
alcohols is due to the inhibition of cell metabolites. Some 
water is required for alcohols to be most effective. Alcohols 


are 





intermediate dev el 



f 


jty Two forms of alcohol are used most commonly; ethyl 

alcohol and isopropyl alcohol. Ethyl alcohol has enhanced 
virucidal properties and reduced toxicity compared with 
isopropyl alcohol, which has slightly greater bactericidal 


action. 


Alcohols, when used alone, are more effective antisep¬ 
tics than disinfectants Alcohols ate not good cleaning 
agents and arc not recommended in the presence of physi¬ 



cal dirt (Larson, 

hols provide the 


bial counts on intact skin Immersion of the hands and 


arms in a 65.5 f i solution of ethanol for 1 minute is as 





for 4 to 7 minutes (Larson and 
Morton, 1941; Larson, 1995}. Alcohols should not be used 

in open 




should be allowed to evaporate 
from the skin to be fully effective and to de- 
(Larson, J995T Because of their inability 
to destroy bacteria I spores, alcohols are pot recommended 






Aloenyttes 


High concentrations: 

Phenols 

ChtortiexIdiTW Formaldehyde 


Phenota 

Quaternary ammonium 
compounds 
Chiorhenidine 
Alcohols 


Chkvtie* idune 


Cell wail 


Cytoplasm 



Cell membrane 


Phenols 

Weak 

lipophilic 

acids 


Hexachlorophene 


BDTA 


Figure 13 1. Diagram doming larjnMs wiitiir the mienstv lr* selected dianteeUiius. anL^plicv. .mU gcniikide• 
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Aldehyde Compounds (Formaldehyde end 
Glutarsfdehyde} 

Formaldehyde to 8% solutionis exhibits intermtdrnte- 
Icvel to high-level disinfection. (I is sporicidal* with its 

mechanism of action being the ability to combine with 
protein* RN A. and DNA id the spore (Rossmoore* 1991). 
Foriiiakteliyde does not penetrate well* and its fumes are 
imilling (Jeffrey, 1995). It is u»d infrequently as a disin¬ 
fectant in veterinary hospitals. 

Glutaraldehyde bus been used as a ‘fehcmosterilizing'’ 
agent for about 40 years (Hugo. 1995). It displays potent 
tactcricklal, fungicidal virucidal mycubactericidal, and 
sponodal activity (Russell, 1994: Denyer and Stewart. 
19981. Glui&raldehytk acts on proteins by dcnaturalion and 
on nucleic acids by alkylation (Maris. 1995). It is classified 
as an intermediate-level to high-level germicide 

hietorv that influence the activity of glutaraldehyde in- 
elude time of contact, temperature, concentration, pH. and 
the presence of soiling material (Russell. 1994). Glutarakle- 
hyde shows a very marked, ternperature-dependenl activity 
(Russet), 1994). Tile pH affects ihc stability and biocidal 

activity of glutamldehyde GIutaroJdehyde is more stable 
at acid pH. but it is more active at alkaline pH (around S 
to 8.5). As pH increases* the number of reactive sites to 
which glutaxaldehyde binds is increased, thus enhancing its 
lethal effect (Russell, 19941. At alkaline pH, glutaraldehyde 
penetrates more extensively into the spore, where n fixes 
the cortex (Scott and Gorman, 1991 >. The negative effect 
of organic mutter is more apparent when lower concentra¬ 
tions of glutanildchydc are used. Alkaline glutaraldehyde 

<291 j takes longer in be effective in the presence of organic 
matter (Jeffrey, 1995). Glutaraldehyde has a dual role 

again si bacterial hiotilrm* (a characteristic of some bacteria 
that make ihem more resistant to disinfection); an ability 
Impenetrate the biotilm and inhibit microbial cellsprotected 
fay die film and an acceleration of the detachment rale of 

bacteria from the biofilm (Russell 19941 

Disinfectants containing 2 *<? gluioraldebyde ore consid¬ 
ered high level disinfectant with recommended contact 
times of 10 to 30 minutes. Exposure times of 6 to 10 hours 

frequently result in steriJi/alron, GI uUir aldehyde is used 
widely as a disinfectant for beat-labile equipment (eg., 
endoscopes), Glutaraldehyde disinfectants are not as nox¬ 
ious. irritating to the skin, or corrosive as fonnalddiyde: 

however* precaul ions should be taken with their use. 
Gloves, safety goggles, and proper ventilation are recom¬ 
mended io minimize risks to those disinfecting the equip¬ 
ment, and glutaraldehyde-disinfected equipment should be 
thoroughly rinsed with sterile water before use to reduce 
risk to the patient (Scott and Gorman. 199Ik 



Chlorhexidine h a catbrnk bkhiguanide. not related to 
bexochlorophene, that was first synthesized in 195® (Den¬ 
ton , 1991k 1 i is av ml able as a solus u in and as a scrubbing 

agent Chlorhexidine solution is used principally as a topi¬ 
cal anti septic on skin wounds and mucous membranes, but 

iii 1 , also used m a pharmaceutical preservative. Chkrrhexi- 

dine scrub is used to pmuperatively prepare the surgeon 


and patient, Chlorhexidine exhibits a broad spectrum of 
onlibacterial activity, strong binding lo the skin, ability to 

adsorb to negatively charged surfaces in the mouth (e,g.* 
tooth and oral mucosa), persistence, low toxicity* and a 
minimal negative effect on activity by blood or other or- 
ganic material (Larwn* 1995). Chlorhexidine lias its major 
antibacterial action b\ interference with the function of 
Cellular membranes, with the primary site of action being 

the cytoplasmic membrane (itarrctt-Bee et al.. 1994; Moris, 
1995; Deliver .and Stewart, 1998). Rupture of the cyto¬ 
plasmic membrane of the microbe occurs without lysis of 
the cell wall. Chlorhexidine has low-levd to intermediate'- 
level germicidal activity* 

Chlorhexidine has a very rapid bactericidal effect as 
well as persistence of action (Maris, 1995). It has limited 
fungicidal and virucidal properties (Jeffrey, 1995). Chjor- 

hexidinc is more effective against gram-puritivc than gram¬ 
negative bacteria and exhibits a bacteriostatic effect against 

some bacteria (Larson. 1995; Jeffrey* 1995), The potential 
for the development of bncieria) resistance to chlorhexidine 
seems low.. but is has been reported (Larson. 1995; Chap- 
man. 1998). The optimum range erf pH for activity of 
chlorhexidine is 5 5 to 7JI Chlorhexidine is incompatible 
with anionic detergents and inorganic anionic compounds 
(Jeffrey, 1995): thus, standing soap lather should be re¬ 
moved by rinsing before chlorhexidine solution is applied 
to the skin. Chlorhexidine forms a precipitate when diluted 
with electrolyte solutions, but this precipitate does not 
affect antimicrobial activity (Lozier el al., 1992), 

Chlorhexidine h available as an alcoholic solution 

(scrub) that is used in the preoperalive skin preparation of 
the surgeon and patient and as an aqueous solution. Two 
preparations that are used commonly in veterinary hospitals 
are chlorhexidine gluconate (scrub) and chlorhexidine di- 

aoetate (solution)* There are few reports of adverse reac 
tions with chlorhexidine. Chlorhexidine scrub should be 


U'cd only on intact skin, never in wounds. Negligible 
absorption from the alimentary tract occurs* and the inci¬ 
dence* of skin irritation and hypersensitivity are low, 
Chlorhexidine is ototoxic when placed in the middle ear 
cavity, and its me on the brain or meninges U contraindi¬ 
cated. In general* chlorhexidine solution |0.05%> is m 
effective and well-tolerated wound antiseptic in veterinary 

patients (Amber ct al,* 1983; Lozier et al.. 1992). 


Chlorine and Chlorine Compounds 


Chlorine disinfectants are readily available, inexpensive, 
have a broad antimicrobial spectrum* and present minimal 

environmental hazards ( Kahrs. 1995). Mechanism of action 
appears in be through oxidation of peptide links ami dena- 
turation of proteins (Moris* 1995), Intracellular accumu¬ 
lation results in inhibition of essential enzyme systems 
Denver and Stewart* 1998). Chlorine compounds arc clas¬ 
sified as intermediate-level disinfectants. Two factors that 
affect the biocidal activity of chlorine are pH and the 
presence of organic material, The greatest influence on the 
antimicrobial activ ity of chlorine in solution appears to be 

pH. With decreasing pH there m increasing biocidal activ¬ 
ity, This increased activity at lower pH is due to a higher 

concentration of undissoc i.ited hypuchlorous acid, which 
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tea greater bactericidal action than the dissociated form. 
Organic matter consume* available chlorine and reduces 
its antibacterial efficacy (Dychdala, 1991), This negative 
effect is particularly evident in solutions with low levels ol 
chlorine Small additions of iodine or bromine to chlorine 
solutions greatly enhance their bactericidal activity. 

Sodium hypochlorite appears to he the chlorine com- 
pound most frequently used m a disinfectant in veterinary 
hospitals. It is an effective virucidal agent f Kennedy el al„ 
1995). Sodium hypochlorite was first introduced as an 
antiseptic in 19)5 as Dakin's solution (0.4% available 
chlorine y { Doughty. 1994). Although still used as a wound 
antiseptic* sodium hypochlorite is used more frequently a> 
& disinfectant in veterinary hospitals as a 0. ITT solution 
(1:32 dilution of 5 25% stock solution) of liquid! bleach 


COTA 

EDTA, especially in combination wilh Tris buffer (|hy- 
dmxymcthyl|aminontethane), lias been shown to have anti¬ 
bacterial properties* particularly against certain gram-nega¬ 
tive bacteria. Tris-EDTA acts by increasing cell wall and 
membrane permeability m4 by slowing degradation of 
ribosomes (Ashworth and Nelson, 1990; Denver and Stew¬ 
art* 1998) The clinical use of Tris-EDT A has been limited 
largely to tour major pathogens Psrudwtumtts aerugm^va. 

t’mlrtts vulgaris, f %cheruhiti cutty and Staphyhn ttectus 

aureus (Ashworth and Nelson, 1990),, Tris-EDTA decreases 
the minimal inhibitory concentration for these bacteria 
when selected antibiotics are added in vitro fWooley and 
Junes, 1983). It also potentiates the antibacterial effects of 
chi nrhe x idine di acetate in lavage solutions (Klohnen et 
al,, 19%), 

Fris-EDTA solution is inexpensive and easily prepared. 
Ingredients include 1.2 g of EDTA and 6.05 g of Tris 

added to I L of sterile water for injection. The pH is, 
adjusted to 8.0 by addition of acetic acid, and the wriution 

\s auiOL'lnved. Tris EDTA has been used as an irriganl in 
combination with antibiotics in the treatmem of otitis ex¬ 
tern, i. bacterial rhinitis. and multiple fistulas in dogs (Ash¬ 
worth and Nelson. I990i, Komi u I al iorts of other germicidal 
agents (e.g,, chloroxylenoh may contain EDTA. Such prep¬ 
arations have enhanced efficacy against P aeruginosa or¬ 
ganisms (Stubbs et a) , 19%), 


Ethylene Oxide 


Recognition of the biocidal activity of ethylene oxide tvsok 

over 6(J years utter its discovery m the IMMK. Ethylene 

oxide was patented in the United States, in 1936 for use 
;is a gas-phase biocide tHugo* 1995). It is a high-level 
disinfectant when used under proper conditions. Variables 
that are critical to Ihe action of cthvknc oxide include 


p re humidification, temperature, and concentration* Ethyl¬ 
ene oxide sterilization used currently for heat-labile 
equipment, Ethylene oxide exhibits its hacicrk-idal md 

sporicidal activities because of Lis reaction wilh nucleic 
acids (Parisi and Young, 1991),., It may be combined with 
either carbon dioxide or fluorocarbons. Because of ii.s tox¬ 
icity, mutagenic it v, carcinogenicity, and irritation to eyes 


and mucous membranes, ethylene oxide stcriIizntion for 

heat-labile equipment is being challenged by other safer 

techniques, such as plasma sterilization (see later discus¬ 
sion of peroxygen compounds). 



The first reference lu the use of iodine for wounds was 
mMt in 1839 (Gutiardi, 1991; Hugo. 1995 k Iodine is an 

e xc client, pro mpi, e ffec t i ve rn t crob i oc ule w 11 li a broad 
range of action. Of the seven different forms of iodine that 
are present in pure aqueous iodine solutions, only two play 
a role in the disinfection processes: molecular iodine (ET 
and hypoiodic it ad (HOI). Molecular iodine has superior 
sporicidal and cysticidal properties compared with HOT 
Iodine acts by decreasing the oxygen requirements of aero¬ 
bic microorganisms |Maris, 1995). Iodine also interacts 
preferentially with the proteins of the cytoplasmic mem¬ 
brane (Maris. 1995),. Although bacterial resistance lo iodine 
seems to he uncommon, with no reports of bacterial resis¬ 
tance to povidone iodine preparations as of 1993 (Gob 
denheim, 1993), bacterial resistance to pot idone-iodine has 
been reported (Chapman, 1998). Iodine has comparatively 
low reactivity with proteins, except blood, and pH has Little 
effect un antimicrobial efficacy Blood reduces the 1 efficacy 
of iodine by converting it into nonhactericidat iodide. 

Two main groups of iodine preparations are used clini¬ 
cally: preparations releasing free iodine and those con¬ 
taining complex-hound iodine. Preparations that release 
free iodine have intermediate-] eve I germicidal activity. 
Preparations that release free iodine include mfmv topical 
solution, an aqueous solution containing 2% iodine and 
2,4% sodium iodide; mwig amine solution (LugoPs vofu- 
rhwj, an aqueous solution containing 5% iodine and 10% 
potassium iodide: iftditu* imeture, containing 2% iodine 

and 2 4% sodium iodide in aqueous ethanol (1:1): and 

strong union rincttfnr r containing 7k. iodine and 5 € A potas¬ 
sium iodide to 95% ethanol* Iodine tincture preparations 
are both more efficacious and more toxic than aqueous 
solutions, including iodophors* 

Pre para t u ms con t a i ru ng c om pi e x - bou ji d i od i no ha ve 
low-level to i ntermediaie- level activity. Jodopbnrx are the 

most commonly used preparations that contain complex- 
bnund iodine. The iodine in joduphor* is hound to a earner 

of high molecular weight (c.g.. poly vinyl pyrrolidooc). 

Such comers tend to increase the solubility of iodine, 

pros iidc a sustained-release rescrv m. reduce the equilib¬ 
rium concentration of free molecular iodine* improve the 
wetting properties oj the iodine, and aid in penetration of 

iodine in organic soil, including lat (Gotlardi. 1991). 

The be i known lodopbor is povidone-iodine. Povidone- 
iodine compounds have a pH of about 5. The bactericidal 
properties of iodophors depend on the 1 1 betatron of free 
iodine (LeVccn cl al., 1993), The amount of free iodine 

in iodophor preparations depends on concentration, being 
greatest in a (M>7% solution of povidone-iodine (Lemarie 
and H os good, 1995). Although in vitro studies have shown 
povidone-iodine to be highly effective against selective 

bacteria, including met hieLLJin-resr«taiit S. aureus (Gold 

enheiith 1993), in vivo dudies prov :tk conflicting data 
regarding efficacy (Doughty. 1994), LeVeen et al. (19*33) 
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conclude that. based on clinical and, experimental evidence, 
free iodine is not Liberated from povidone-iodine in thera¬ 
peutic concentrations Clinical studies indicate that povi- 
donc-indjnc js suitable as an antiseptic on intact 4 in (Le- 

Vecn d al- 1993). 

Iodine containing preparations, particularly iodophors, 
arc used frequently as antiseptics lodophorx are available 
in a variety r»l forms, including Iff 4 * solution. 29f deansing 
solution {scrub:!, and 29Sr aerosol spray. Presurgical skin 

disinfection of surgeon and patient, disinfection of mucous 
membranes, and wound disinfection are the most common 
uses of iodophorv Povidone-iodine also has beeri reviewed 
favorably as an oral antiseptic (Rahn. 1993k Cutaneous 
absorption of iodine, particularly in traumatized skin, can 
lead to increased serum iodine levels, Systemic iodine 
toxicity is also possible when iodophors arc used to treat 
large, open wounds (Doughty. 1994). Also, jodophors pro¬ 
duce adverse effects when placed in the peritoneal cavity: 
hence* their use in the peritoneal cavity is not rccom- 

nended. 


Peraxygen Compounds 

Hydrogen peroxide has historical and current application 
as a disinfectant and antiseptic. As a 3% solution, hydrogen 
peroxide has limited bactericidal effectiveness and is usy- 
ally classtlied as an intermedi«e-1evd germicide (Doughty. 
19941. It acts by denaturing proteins and Lipids of microor¬ 
ganisms fMaris, 1995). Hydrogen peroxide (3%) provides 
an effervescent cleansing action, however, because of its 

cytotoxicity, hydrogen peroxide is inappropriate as an anti¬ 
septic (Doughty; 1994: Greene, 1998) As a 58' - solution, 
however, and in the presence of an electromagnetic field, 
hydrogen peroxide becomes a gas plasma. As a gas plasma. 

hydrogen peroxide destroys m icroorganisim and \< classic 
fled as a high-level disinfectant. Hydrogen peroxide (5891 
solution) is sporicidaj by virtue of its. effect on the outer 

spore layers And. the spore core (Block, 1991b). Because 

the process temperature associated with plasma sterilization 

does not exceed 40T\ plasma sterilization is particularly 

well suited to materials that cannot be steam, sterilized. 
Because of its relative safety, plasma sterilization is emerg¬ 
ing as an alternative to ethylene oxide gas in the steriliza¬ 
tion of heat-labile articles. Otlter peroxygen compounds, 
such a* peracetic acid and ozone, have little use as veteri¬ 
nary disinfectants. 



Carbolic acid, a phenol, is (he oldest example of an antisep¬ 
tic compound (Heit and Riviere, 1995). Phenols have a 
wide spectrum of activity against bacteria, viruses, and 

fungi, but they have minimal sporicidul activity (Jeffrey, 
1995). They act on the cytoplasmic membrane, producing 
leakage and dirupting membrane transport (Denver and 

Stewart 1998), Phenols are classified as low-level to inter- 

mediate-level germicides Pher.n.s on longer play a -ignili- 
i am role m antibacterial agenis. in part because of (heir 
toxicity (O'Connor ami Rubino. 1991), 

Hcxachlorophene, a chlorinated phenol derivative, was 


used as & presurgical antiseptic primarily by surgeons, hut 

its toxicity has limited iu use iTerleckyj et al. T 1995). 
The chlomxy lenols, synthetic halogen-substituted phenol 
derivatives, have been used extensively as preservatives, 

disinfectants, and topical antiseptics (Stubbs et ah, 1996). 


Quaternary Ammonium Compounds 

Introduced in 1916, quaternary ammonium compounds arc 
surface-active cations that exhibit low-level germicidal ac¬ 
tivity (Hugo, 1995). They bind irreversibly to the- phospho¬ 
lipids and proteins of the cytoplasmic membrane of mi¬ 
crobes, impairing permeability (Maris, 1995; Denyei and 
Stewart, 1998), Quaternary ammonium compounds are 
much more effective in preventing the growth of bacteria 
than in kilting them and they are far mare effective against 
gram-positive than gram-negative bacteria (Jeffrey, 1995). 
They possess a narrow margin of safety and can fail when 

exposed to resistant microorganisms (Terleckyj et «l., 
1995), 

Quaternary ammonium compounds with a carbon chain 
length of 14 demonstrate the highest level of bat Ecru kial 
activity (Merianos. 1991). They were used initially as an 
adjunct to surgery, such as in prusurgical patient prepara¬ 
tion, but this use has been curtailed, in part because of the 
observation that skin bacteria survive beneath the layer 
of applied quaternary ammonium compound Additionally, 
quaternary ammonium compounds tend to 'be inactivated 
by lipids in organic (natter, and their activity is adversely 

affected by soap, hard water, and gauze (Terleckyj et aL, 

1995). Quaternary ammonium compounds are currently 
used primarily for environmental disinfection of floors, 
walls, and equipment surfaces. Benzalkomum chloride »s 
used m a topical antifungal agent for horses at a concentra¬ 
tion of 0.1 5%, 



AFFECTING DISINFECTION AND 



A successful disinfection plan Requires initial consideration 
of microbial susceptibility and enviromneniaJ conditions 
(Grow, 1995). Factors of importance when selecting a 
chemical germicide include the degree of microbial killing 
required; the nature and composition of the surface item or 

device to be treated; amount of organic ehmicf present, 
number and resistance of microorganism* present; presence 
erf' microbial biofllms; and cost, safety, and ease of use of 
the available agents (Favcro and Bond, 19911. Critical 
items, which, il contaminated, impart a substantial risk of 
infection, must be sterilized. Noncritical items, which only 
touch intact skin of 'the patient during routine use. can be 
disinfected- The greater the risk of infection associated 
with the use of a device, the more complete must be the 

degree of microbial killing on that device. The nature and 
composition of the device or surface to be treated impact 
rhe case with which that device may be disinfected 
Smooth, nonporous. and deanablc surface* (e g,. table sur¬ 
faces) are easiest to disinfect, whereas crevices* joints, 
and pores (e.g„ surgkaJ damps) constitute barriers to the 
penetration of liquid germicides (Favcro and Bond, 1991k 
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The amount of organic material present has a major 

impact on efficacy of most disinfectants, Physical cleaning 

before disinfection b often the most important step in the 

disinfection process {Favem and Bond. 1991). Endoscopes 
are particularly challenging to clean property. Organic ma¬ 
terial has an especially profound effect on the germicidal 
efficacy of chlorine-based and iodine-based disinfectants 

and quaternary ammonium compounds (Favero and Bond. 
199 If Negative effccLs of organic material are particularly 
profound with weak concentrations and with low-level dis¬ 
infectants. 

I hc number ami resistance of micmotgitjtoms present 
can influence germicidal efficacy. In general, the higher the 
level of microbial contamination, (he longer must be the 
exposure to the chemical germicide before the entire micro¬ 
bial population is killed < Fa veto and Bond,, 1991), Microor¬ 
ganisms vary widely to ihdr resistance to chemical germi 

c i des. with bac 1 er a a I spore s being mos i re s i st a n t. the in 
protozoal cysts* coccidial oocysts, tubercle bacilli, small 
nonlipid viruses, fungi, vegetative hacteria* and medium- 
sized lipid viruses (Greene* 1998). Differences in resistance 
exhibited by various vegetative bacteria are relatively mi¬ 
nor, with staphylococci and enterococci being the more 

resistant gram-positivc bacteria and Pseudomonas* Kleh- 
siclla. l.niemhacttr. and Scrraria species showing greater 

resistance than other gram-negative bacteria (Favero and 

Bond, 1991). The resistance of some bacteria, such as 
Pseutifmontis species may relate, in part, to the production 
of a glycocaly x-based biofilin (Terleckyj el a I,, 1995; Rus¬ 
sell. 1995), 

Some bacteria *c,g, + Escherichia coti t Pseueltmonns spe¬ 
cies) produce biofilms (Terleckyj et uL, 1995: Nlsama- 

Essomha cl al,, 1997). Biofilms are a ydycoculy x Eased 
capsule produced by bacteria in natural aquatic environ¬ 
ments (Terkckyj t-i uL 19951 They surround hacteria and 
make them more resistant to disinfection Biofilms may be 
encountered in medical implant*, such as catheters, drain 
tubes* sutures, and prosthetic hip joints, and seem to present 
a barrier to penetration by disinfectants (Terteckyjj et al. P 
1995; Russell* 1995). The reduced accessibility of the bac¬ 
teria included in the biofilm appears to be the major factor 

in resistance development (Ntsama-Essomha et al M 1997). 
Resistance depends on the nature of the disinfectant, w ith 
greater resistance reported with selected quaternary ammo¬ 
nium compounds (e.g., benzalkonium chloride) and less 
resistance with oxidizing agents fe.g., sodium hypochlorite 
and hydrogen peroxide) and phenolic derivatives (Ntsama- 
Essomba et al. v 1997). 

t 'ost may 'h' a factor in selection of disinfectants and 
ami septic*. One of the major impacts on cud of a disinfec¬ 
tion procedure is the dilution of germicide used Although 
over dilution of a germicide will reduce its net cost, overdi¬ 
lution may also significantly reduce its germicidal potency 
Recommcndati ins of the manufacturer should be followed 
whew diluting a germicide. Selection of germicides should 
be based primarily on efficacy and safety, not cost base of 

use of a germicide van affect disinfection practices. Those 

agents with wider safely margins are likely in he easier 

to use, 

Ollier causes of disinfection failure include pour disin¬ 
fectant penetration or coverage, insufficient contact time, 
and inadequate temperature and humidity while the disin 


feelunt is being applied (Kafir*. 1995; Russell, 1995). Natu¬ 
ral and acquired resistances ro disinfectants have been 
observed (Kafirs. 1995: Russell, 1995): however, some 
agents, such a- povidone-iodine have not hud resistance 
documented (GoEdenheim. 1993). 


DISINFECTION AND ANTISEPTIC PRACTICES 


Veterinary Hospital Disinfection 


The two types of disinfection practices in a veterinary 

hospital are immersion disinfection and surface dtsinfec- 
tiun, including cabinets* tables (examination, treatment, and 
surgery), kennels* lights, and chairs (Heit and Rrc.ere, 

1995). Agents that have been used for immersion disinfec¬ 
tion include alkaline glutaraldchydo, isopropyl alcohol 

(thermoinctcrsi. ehlorhexidinc diacetate, and qtiaiernary 
ammonium expounds, Of these agent 1 ' only 2% alkaline 

glutaraklehyde is reliable. Because the disinfection of sur¬ 
gical instruments by immersion lacks the safety of heai- 

prts-sure stcriIi m ion* iiwnervion disinfection is nut recom¬ 
mended for instruments to be used during aseptic surgery 
Surface disinfection in a veterinary hospital em be par¬ 
ticularly important in minimizing spread of disease Thor¬ 
ough cleaning of the surface before disinfection is a critical 
step. Other factors that improve the* efficacy of surface 

disinfection include adequately covering the surface Willi 

I he disinfectant anti maintaining contact for a sufficient 
lime. Agents that are used ax surface disinfectants include 

sodium hypochlorite and quaternary ammonium com¬ 
pounds. Sodium hypochlorite h used as a 0.16% solution 
(E32 dilution of 5 25% solution) of liquid bleach to disin 
feet kennels and tables. Such a solution has been shown to 
be effective in neutralizing parvovirus (McGavin, 1987). 
Quaternary ammonium compounds arc surfactants that 
have both cleansing and disinfecting properties. Despite 
ifieir cleansing properties, quaternary ammonium com¬ 
pounds have reduced germicidal effkaev in the presence 

of organic material; hence, cleaning of surface* before their 
use is indicated. Quaternary ammonium compounds have 

been recommended for the routine disinfection of environ¬ 
mental surfaces (Terlcckyj et al.. 1995). 



Surgical antisepsis is the application of antimicrobial chem¬ 
icals to skin* mucosa, and wounds to reduce the risk of 

infection tGrfieschel and Pruett, 1991). Surgical antisepsis 
most commonly involves the removal or reduction of nor¬ 
mal flora by the topical application of antimicrobial sub 
stances to the intact skin before a surgical procedure. Dis 

tinguishing hetween antiseptic use on intact skin and that 
on mueou* membranes or in wounds is important Different 
formulations and concentrations of antiseptics arc. indicated 
depending on their use Preparations containing alcohol or 
detergents (scrubs) are only to be used on intact skin. The 
concentration of antiseptic used for wound* is less, in 
general* than that applied to intact skin. 




2*6 


A Th erapc i ft tc* A ppmac h 


Surgical Preparation of (he Skin 


The purpose ol d surgical hand scrub is to remove transient 
(Iwa and reduce resident flora for the duration or surgery 
in case of glove tears (Larson. 1995i, Regardless of the 
aitii microbial agent used, the technique of hand washing is 
important. The primary problem with hand hygiene is not 
a paucity of good products, but rather lhe laxity of practice 
(Larson, 1995}. Nails should be short, and artificial nails 
and nail polish should he avoided {Larson, 1995k Debris 
should he removed from under the fingernails with a nail 
cleaner after the hands ami forearms have been washed 


thoroughly. The subungual area has; higher microbial 

ttmius* and contamination of the hands can increase when 
gloves create a warm, moist environment (Larson, 19951. 
Duration ol washing is important both for mechanical ac 
lion and to allow antimicrobial products sufficient contact 

time U* achieve the desired effect (Larson. 1995 k Although 
the American College of Surgeons suggests that a surgical 
scrub of 120 seconds, including brushing of the nail and 
fingertip areas* is adequate (Larson, 1995k a 6-niinuie 
scrub is often used by veterinary surgeons. 

Selection of an appropriate antimicrobial agent for surgi¬ 
cal hand scrubbing should be made in three stages; One 
should determine what characteristics arc desired, review 
and evaluate the evidence of safety and efficacy in reducing 
microbial counts, and consider ihc personnel acceptance of 

the product and the costs (Larson, 1995k Antiseptic treat - 

ment, of the skin should not be toxic, not cause skin 

reactions, and i m interfere with the normal protective fime 
tion of the skin (Groeschel and Pruett 1991). Antiseptic 

agents used to prepare the skin of the surgeon or patient 
include alcohols, chlorhcxidinc gluconate, iodophors, and 
ChloroxyleitoK. 

Alcohols, in appropriate concentrations (60% to 90 6r k 
provide the most rapid and greatest reduction in microbial 
counts on skin (Larson. 1995). Alcohols are not good 
cleansing agents. Mid they arc not recommended in the 
presence of physical dire. They should be allowed to evapo¬ 
rate thoroughly from the skin to he fully effective and io 

decrease irritation (Larson. 1995k Immersion of the hands 
and arms of the surgeon in aktiHnl has been shown to be 
an effective technique (Larson, 1995). Alcohol is also used 
on flie in tael skin of the veterinary patient before surgery 
as an antiseptic (Fries, 1993). 

Chlurhexidinc gluconate has both rapid and persistent 
antibacterial activity when used as ,i prcsurgical scrub. Its 
persistence is probahty the best of any agent currently 
available for hand washing (Larson, 1995). 'The activity of 
chlortiexidine is not significantly affected by blood or oilier 
organic material (Larson, IMS}, line incidence of dun 
irritation to chtorhexidine scrub seems low. as doc* the 


potential for development of bacterial resistance. Chlorhex 
idine scrub may be the ideal agent for surgical preparation 
of the skin (Lemarie and Hosgood, 1995}, Both 2% and 
4% formulations in a detergent base arc readily available, 
Jodnpbon, particularly povidone-iodine, are used fre¬ 
quently :n the prestirgkal preparation of surgeons and vet¬ 
erinary' patients. The antimicrobial effects of iodopbors arc 
similar io those of iodine. Recommended level-' ol free 


iodine foi antiseptics are 1 lo 2 mg/L (Larson, 1995k 

Paviikmc-itnline scrub feic been found lo be equally effec¬ 


tive as chlorhexidine gluconate scrub in reducing the num¬ 
ber of bacteria on canine skin few up lo I hour after 

application {O&uim et al.* 3990}. lodnphors are rapidly 
neutralized in the presence of organic materials such as 
blood (Larson, 1995k they have a propensity toward skin 
irritation. and cutaneous absorption can cause thyroid dys¬ 
function, Iodopbors arc available as a surgical scrub (2%) 
and as a solution (10% and 2%k 

Chlomxylenols are synthetic phenol derivatives that 
have been used sparingly as a prcsurgical scrub of surgeons 
and veterinary patients. They arc less effective than either 
chlorhexidine or iodopbors in reducing skin flora, but dhlo- 
roxylcnols may have a lower incidence of skin irritation 
than iodophors ■1 .arson, 1995). Their activity is only mini¬ 
mally affected by organic matter (I arson, 1995k Two for¬ 
mulations may be used as a presurgieal scrub: 3% chlo- 
roxylenol and 1,5% para chloro-meta-xylenoL 

Surgical Preparation of Mucous Membranes 

Antisepsis of mucous membranes, particularly the oral mu¬ 
cosa, present particular problems. ’The bacterial coloniza¬ 
tion of the oral cavity is very high, and the efficacy of 
oral antiseptics is affected by dilution effects as well as 

inactivation due to salivary protein!; (Rahn, 1993 k Also* 
an increase in antiseptic concentration is limited by local 
irritation and a high absorption rare with the risk of sys¬ 
temic intoxication (Rahn, 1993}. Only a few solutions are 

useful as oral antiseptics; povidone-iodine* chlorhexidine. 

and hexeltdine (Rahn. 1993k Povidone-iodine solution has 

been shown to reduce inflammation and the progression 
of periodontal disease as well as bacteremia after dental 

extractions {Rahn, 1993}. 

Chlorhexidine solution is an effective agent for Che 
prevention ind treatment of oral disease (Denton, 1991). Its 
effectiveness stems from it-' ability to adsorb to negatively 
charged surfaces m the mouth, such as the tooth and 
mucosa. Hcxetidine is used as a 0.1% solution for local 
infections and. oral hygiene* It has been shown to have 

similar antimicrobial efficacy against common buccal or 
ganisms ax 0.2% chlorhexidine (Ashley, 1984), 


Wound 

When topically treating a contaminated wound * ilh an 
antiseptic solution* one should choose an appropriate type 
and concentration of antiseptic that has both antibacterial 
properties and minimal negative effects on wound healing. 
Antiseptics that appear to fulfill these criteria include povi¬ 
done-iodine solution, chlorhexidine diacelate volution* and 
sodium hypochlorite solution (Dakin’s solution). Povidone- 
iodine solution appears m be most effective and least 
tissue toxic tit concentrations of 0,1% to 1% (LentarM and 

HosgocxL 1995). Povidone-iodine concentrations greater 
than 0,591 are cytotoxic to the canine fibroblast in vitro 

(Lemarie and HosgootL 1995). Povidone-iodine should be 
used judiciously on large wounds because of the potential 

for systemic absorption of iodine. 

Chlorhexidine di acetate solution (0,05%) has a wide 
spectrum of antimicrobial activity as well as minimal dele* 
terious effects on wound healing (Swaim and Lee, 1987k 
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lb iiiiialncd residual activity seems to k an advantage in 

wound ihcrapy. Dilution of the stock solution with sterile 
water. 0.9ft sodium chloride, or lacuted Ringer's solution 
does not adversely affect its antibacterial activity (Lurier 

et aL 19921 . 

A dilute Dakin s elution c0 r 005ft= radium hypochlorite) 
has been shown to be hc*h bacteric idal and not Llacraging 
to lihrobUsK 1 Swains and Lee. 1917). Dakin's solution has 
been used as an effective litigant for human wounds since 
World War I, and its use has persisted Id tire present In 
vivo studies on the efficacy of Dakin's solution m canine 
wounds are not available (Lcmarie and Hosgood. 1995) 
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Ptotozoal infections tan provide diagnostic as well as ther¬ 
apeutic challenges for the small animal clinician. The situa¬ 
tions can range from the simple treatment of a young kitten 
with coccidiosis to the mure rnbusl challenges of chronic 
giardiasis in a breeding kennel Although several of the 
protozoa are well characterized and relatively easo to treat, 
others arc poorly understood and have no specific agents 

avail ab I c tor t he r a p y. Three i y pc s of in ft ct i oos c a u .sed 

by major pathogens are presented here: common enteric 
coccidia, toxoplasmosis, and giurdia. The pathogens are 

known to affect dogs and cals,, and two arc significant 

zoonolic agents. 

This chapter does not include the protozoa ihat only 
appear sporadically in the veterinary literature (iiaimitrf- 
i um h Penfmt- u homonav, Entamoeba. HammamMa.. Besttni- 
tu j, and Sort tnysiis ) These organisms are not adequately 
documented as pathogens of dogs and care and thus require 
no therapy Also excluded are those protozoal pathogens 
that are pain ally characterized hut have no effective treat¬ 
ment available (Cryptosporidium r Hfptitoz&tm, Babesia, 
Caaux: oon> Leishmuma, Eh? ephalitowatt, and Amnth* 
amtffba). Textbooks of parasitology or infectious disease 
should be consulted for a complete discussion of these 

sporadic, spurious, oi untreatable pathogens i Bowman. 

1999: Greene, 1998), 

Therapy of protozoal infections, which arc often zoo¬ 
notic. must include use of therapeutic agents along with 
supportive therapy and proper hygiene and husbandry to 
clean up the environment and prevent spread to othei 
animals and people. No therapeutic agent, no matter how 
sale or effective, can be expected to treat these diseases 
without supportive therapy and hygiene. Table 14-1 lists 
the therapeutic agents discussed in the icxL, 



The most common protozoa in small animal veterinary 
medicine are the cocddians, which cause a condition 
termed ■ tffcuimxix. Coccidia are very host specific. Dogs 
and cats are infected with several species in the genus 
has pom Diagnosis is readily made by conventional fecal 

floatation techniques using concentrated sugar of salt fcolu- 
lions Careful identification of coccidia oocysts may reveal 

the presence of spurious coccidia from other genera, espe¬ 
cially Eimeria species, which commonly parasitize food 
animals, thus indicating copmphagy. Nevertheless. coccidia 


Table 14-1, Antiprotozoal Medications* 
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Drugs for Ute Treatment of ftnHi muji! Infection* 


lire ubiquitous in young dogs and eats and commonly this period* usually 14 to 21 days. The daughter schizotils 

cause disease, especially in those with suboptima] nutrition, are capable of infecting new entenocytes and repeating the 

cycle of fission into many daughters and rupture of the 


immune status, or stress. 

Coccidia are obligate intracellular parasites that depend subsequent enlerocyies* The number of asexual cycles has 

on dispersion of fecal oocysts for transmission. This fact been determined for each species of coccidia; the small 

alone illustrates the importance of hygiene. There are lour animal pathogens typically have two or three asexual cycles 

species that infect dogs ( isaspom cams. 1. otuoensis, L before entering the sexual stage of the life cycle. 

burrow si t and L neorivotra} and two that infect cats 


The schizont, produced by the last cycle of asexual 
(hospora fetis and /, rivoita j, Although direct ingestion of fission, enters another enterocyte and develops into cither 
ihe oocyst is the primary means of infection, rodent* can a male or a female gametocyte. The female gamctocyte 
serve as paratenic hosts if they ingest the* oocyst and then enlarges and forms a singular large cellular structure within 


are eaten by the definitive host 


the cnicrocytc. The mate gameiocyie undergoes fission 


Coccidia have life cycles that arc more complex than to produce many small bi flag cl late mate sex cells. The 

other infectious agents (Fig. 14—1). Each life cycle includes enteroeyfes rupture, and the motile male sex cells fertilize 

both sexual and asexual phases. This is important to re- the female gametocytcs, which mature to a zygote and then 

member because ihc therapeutic agents used to treat and pass out in the feces in the form of an oocyst. The fresh 

control coccidia are primarily effective against the asexual oocysts are exposed to the external environment where 


(schi/onu si age of the 



eye Ie 


The oocyst is passed in the feces, and, alter suitable 


they spore late and infect new basis, 

The repeated intracellular invasion of entercxyie* and 

exposure to air. heat, and moisture, ihe oocyst speculates. subsequent rupture can produce substantial pathology to 
This process may take only a few hours or a few days, the gut. especially if the infected host is young, weak, 

depending on the species of coccidia and on the environ- malnourished, or stressed. Normal animals, in otherwise 



mental conditions. During spurulation each oocyst develops good health, usually experience coccidial infection 

into two sporocysts that contain four sporozoites each; thus lowed by an effective immune response that limits and 


each oocyst contains u loial of eight infective sporozoites. 


eliminates the infection without therapeutic intervention. 


After ingestion, the sporozoites are liberated from the Most clinicians prefer to intervene when coccidia are iden- 
oocysl ami invade the enterocytes that tine the small intes- tilled in a fecal floatation. Therapy is usually successful in 
tine. Once inside the enterocytes, the sporozoites turn into eliminating the coccidial oocysts, although it is not known 


how many of these animals would have spontaneously 

cleared the infection without intervention 


trophozoites, which undergo asexual fission (properly 
termed schizogony or mervgony) to produce many daughter 
schizonts. After 4 days the enterocyte ruptures and releases 
the multiple schi/.outs (or meronis). This schizonl stage is Treatment 
the place in ihe life cycle where therapeutic agents have a 
chance \o break the life cycle. Because the schtzonts are 


only released from the cell every 4 days, die therapeutic Sulfonamides arc the treatments of choice for small animal 


Sulfas and Potentiated Sulfas 


agent should be present in the gut for several multiples of coccidia. Unfortunately there is a paucity of research infor- 


F-igme 14 — 1 . Lire cycle »*t liniptmi fel a which is typical 
ol the tsoipom >pp. The mode of iw^nai^inii may be 
direct, via ingesijnn of sporuhiTcd oocyM> from Ihc m\ mm- 
ment. nr imiireei. %i a ingciaion of eyas in prey luiinwik,. 

VmuI ink] iiW-XUdl rvprfwfcjijtMWl «l the pniite opCVT* in 


the inbeaHtDet nf [he dcrlniuve how on this cue, a c*C k «kt 

the teeex of tklinnivc 


utispunitatcd (socysts are died 

hc»Lv (From Duhey JR Greene CE: Enteric cocckho&L*. In 
Gieenif t’t [eUJ: IhlKiioi^ DisciKi of ihe and 
DmJ all. t* 511 PhiladcIphia, WB Soundm, I9W.) 
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mail on to support their efficacy. Two pivotal studies utiliz¬ 
ing su 1 fa met box i nc ami sulfa guanidine again si coccidia 
support their utility; however, these two agents are on 
longer available in the United States (Both cl aL 19K1, 
Correa el aL, WfOj, Clink lans have empirically substituted 
more readily available sulfonamides and enjoyed apparent 
clinical success i Du bey, 1993). Currently ihere is one sim- 
pif sulfa and three potentiated sulfas that are commonly 
used in the United States: sutfadimeihoxine (Alhon). sul- 
fadimcihoxinc with ormettipriin (Primor), sulfadiazine with 
trimethoprim (Di’Trim. Tribmscni. and sulfamethoxazole 
with trimethoprim lBactrim. Septra). 


Sulfonamide Chemistry and Mechanism of Action 

The sulfonamides, ate structural analogue* of para amb 
nubenzuie acid that competitively inhibit the dihydrupterute 
synthetase Step in the synthesis of to he acid* which is 
required for synthesis of RNA and DNA. Inhibition hy 

sulfas impairs protein synthesis* metabolism, and growth 
of the pathogen. A vast array of sulfa agents have been 
created and described; all but a few have been losi in ilk’ 

saikh of time. The important diFTerenees between these 

agents is their solubility, duration of action, and activity 

against key pathogens. Fortunately, the three sulfas in¬ 
cluded in this discussion demonstrate acceptable perfor 
manic in all three categories; solubility o adequate, they 
are given once or twice dailv. and they have a reasonably 

broad-spectrum of action. The sulfa drugs are primarily 

effective against the schi/.t*u stages of the coccidia: thus 

prolonged treatment maj be required for the drug to effec¬ 
tively block the life cyck. 

Poientktlar Chemistry and Mechanism of Action 

rhe dianunopyrimidme potentials■'* (1 riniethoprim and 
nrmetoprim) act if;; concert with sulfonamides by blocking 
the next step (dihydrofolale reductase) in folic acid synthe¬ 
sis, Chemically the di ami nopyrimidines are related lo pyri- 

meth amine, which has antimaliirra) properties The agents 
are highly selective inhibitors of di hydrofolate reductase 
Tims sequential blockade produces significant potentiation 

ol activity. It i* a classic case of drug potentiation 

Drug Dhp^mmn 

The sulfonamides are weak acids that arc well absorbed 
from the gastrointestinal tract and are widely distributed in 
the body. Sulfadimethoxute and sulfamethoxazole have 

high serum protein binding, which provides decreased body 
clearance and long half-lives. They undergo metabolic al¬ 
teration in the Saver and subsequent renal deanmee. Tri¬ 
methoprim and onnetoprim arc als*> well absorbed from 

the gut. widely distributed, and then hydro xykted and 
excreted through the urinary tract. 

Toxicity and Adverse Effects 

The long history of sulfa use in veterinary medicine has 
resulted in a wide array of toxic and idiosyncratic reactions 
in animals. Historically, Lite most common and mo si avoid 
able reactions result from crystallization in the urinary 


tract with secondary cry stalluria, hematuria, and urinary 
obstruction. Recent reviews in human medicine indicate 
That the improved solubility of the modem preparations hat 

decreased the risk of crystal Inna; nevertheless, it is still 

prudent to ensure adequate water intake and proper hydra¬ 
tion during sulfa therapy (Cribfc et aL, 1996), The human 
literature also suggests that the sulfonamides may be di* 

reedy nephrotoxic tCribb ct al., 1996), Hematopoietic dis¬ 
orders (thrombocytopenia and Leukopenia) have also been 
reported as a result of sulfa therapy Sulfaquinoxaline espe¬ 
cially has been associated with hypothrombineinia, hemor¬ 
rhage, and death in puppies receiving therapy for cocodia 
i Patterson, and Grenn, 1975), 

Idiosyncratic reactions in animals and people often in¬ 
clude immune-mediaied phenomena including hypersensi¬ 
tivity reactions, drug fever, urticaria* nonseptic polyarthri- 
tic. focal retinitis, ami hepatitis. Fortunately, these reactions 
occur at very low rates when the drugs are used a! recom- 
mended dose me-- and for k^ -than. 2 weeks. 


Preparations 

There are four sulfa products that are currently available 
ror use in small animal medicine; sulfadimethoxine* suJfa- 
dimethoxine with ormeroprtm, sulfadiazine with trimetho- 

prim, and sulfamethoxazole with trimethoprim. Each is 
available in a variety of formulations. 


SulfMInrethuilne Sulfodimcthoxinc is a rapidly ab¬ 
sorbed, long-acting sulfonamide It is not ocetylated in the 
dog and is excreted unchanged in the urine It is approved 
for treat me fit of coccidiosis in: dogs and cats. It has ,i wide 
margin of safety; dogs given multiple oral doses of 160 

mg/kg hy mouth daily for 13 weeks showed no signs, of 
toxicity (Emriken et aU 1998)., 

It is important that all treated animals receive adequate 
water intake to prevent dehydration and crystalluria, as 
well as proper nutrition* during therapy for cocckliosts, 
Therapy is available as a 40% inject ion (Alton); in 
L25-* 250-. and 50Cbmg tablets (Albert); as a pleasant 
tasting 5% suspension (Albuit); and as a 12«5oral solu¬ 
tion t Albcn* Di Meihox), The approved therapy is an initial 
dose of 55 mg/kg, orally or by subcutaneous or intravenous 
injection* for the first day and subsequent doses of 27-5 

mg/kg orally once per day for 12 to 21 days. It seems 

reasonable that because coccidia are enteric pathogens, tin.’ 

oral route would be most effective. 


Sul I ad i met buxine with drmeluprim Sulfadimeth- 
cmine with onmetoprim is the most recently approved po¬ 
tentiated sulfonamide, h constitutes a rational combination 
that potentiates the action of both drugs by blocking two 
sequential steps in the synthesis of folic acid. Ormetoprim 
is a diaminopyrimidine potentiator with very low mamma¬ 
lian toxicity. The available tablets contain I0CV20, 200/40, 
51XVHKL or 1000/200 mg wilfadimclhoxinc/mg ormeUv- 
prim, respectively (Primur). The tablets arc designated by 
die (ota1 weight of active ingredient in each tablet, thus the 
^Primer I20' T contains 100 mg of sulfadimethoxine anil 
20 mg of ormetoprim. The approved starting dose is 55 
mg/kg orally on the first day of treatment awl then 27 5 
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mg/kg oral I > once per day for 14 lo 21 days. Do not treat 

beyond 21 days (Entiikcn cl al. ( I99H), 

It is. interesting io note that the only recent oottbctled 

study of coccidiosis therapy for dogs was conducted with 
this drug combination., lit dun study. 3225 mg/kg or 66 
rug/kg wi^ given continuously in the food foi 23 days 
subsequent to experiments] tioeyxt infection. Tlie higher 
dose of 66 mg/kg provided tetter re stills and did not 

produce any adverse reactions < Dun bar and Forty t. 1985). 

Sulfadiazine with Trimethoprim Sulfadiazine with fn 
methoprim i% the potentiated sudd with the most years of 
actual use in veterinary medicine For many years it was 
die only potentiated sulfa approved for use in animate 
Trimethoprim is a diaminopyrimidinc potentiator with very 
low mammalian toxicity. The available tablets contain 25/ 
5. 1 00/20. 400/80, or WIFI60 mg sulfadiarine/mg tnmeth 
oprim respectively (lnbrissen, Di-Trim). The tablets arc 
designated by the total weight of active ingredient io each 

tablet! thus "Trihrissen 3(F contains 25 mg of suriadiarinc 

and 5 mg of trimethoprim. The approved dose is 30 mg/kg 
orally or 26.4 mg/kg by subcutaneous injection pci day up 

to 14 days, fhe preferred dose for bacterial infections in 
dogs and cats is 30 mg/kg once oi twice daily and may he 
indicated for severe coceidtal infections. Phe manufacturer 
recommends that animals wiih marked hepatic parenchy¬ 
mal damage, blood dysenisias, tv previous sulfonamide 

sensitivity should mi be given this product (Eniriken ct 

«U I99H; Plumb, IW))„ 

Su I fo me L h u\a/u lc with Trimethoprim Sulhimethoxa- 
/ole with irimethoprim is n readily available product ap 

proved for uw in people i Badrim, Septra), it j» not cur¬ 
rently approved for use in animate Because of its similarity 
to veterinary potentiated sulfonamides and because low- 
cost generics are available, it is widely used in veterinary 
medic me There is some controversy regarding the apjrnv 

prime dosing regimen for this human-labeled product in 
animals. Nut many clinicians gain acceptable clinical results 
using the same dose as sulfadiazine. 

Sulfamerhoxazole with trimethoprim is available in a 
fixi^d combination of 5:1 suIfatuelhnxa/ole to triniethoprim 
as Lableis and pediatric suspension. The available "single- 
strength' 1 tablets contain 40G/S0 and L- doub e-strength" 

tablets contain 800/160 mg irimethoprim, re spec lively 
{Bactrim, Septra), fhe pediatric oral suspension contains 
40 mg sulfamethoxazole and 8 mg trimethoprim pci millili¬ 
ter The dose for bacterial infections and coccidiosis in 
dogs and cats is 30 mg/kg once daily for ICT days iPlumb, 
1999) and may be indicated in severe coccidi.U infections. 

Amprolium 

Ampfoliu.rn (Amprol Corid) is an antiprotozoal drug that 
is s structural analogue of thiamine. It is freely soluble in 
water, meihanol, and ethanol. The close structural similarity 

between amprolium and thiamine allows ainprnbum to 
compete with thiamine for absorption into the paiasiie. Ii 
is most effective agamst the first-genera* km schizont stage 
and thus i* more effective as a preventative than as a 
treatment. 

At very high doses amprolium may produce thiamine 


deficiency in ite host. Thiamine deficiency can he treated 
by adding thiamine to the diet. although excessive ihiam ne 

supp e men tali on may decrease the efficacy against the 
pathogen. In dogs adverse reactions are appurently rare 

md may consist of neurologic abnormalities. depression, 
anorexia, and diarrhea (Plumb, 1999). 

Amprolium is approved for use in the drinking water or 
feed of poultry and cattle for the prevention and treeintent 
of coccidia. Treatment for dogs and cats requires adapting 

the approved formulations to small animal use. The target 
dose for irefUmcnt of dogs is KX) io 200 mg/kg by mouth 
daily io food or water (Plumb, 1999). Dogs may be treated 
by mixing 50 mb \2 Tbs) of 9.6*Jf amprolium solution to 

one P S, gallon (3.8 I ) of drinking water and offering 

it a.v ite sole source of drinking water tSmart, 1971). 
Altemalively, 1.25 g of 20 r ?£ ampn-lmm powder cam be 
mixed with enough daily ration for four puppies. (DSP, 
1998). Amprolium should be provided in either (he food 
or in the water but not m both for a period of 7 days. It may 
be given ax a treatment fur coccidia or m a preventative for 
7 days before puppies are shipped or to hiichc* just before 

whelping, 

C«ts may be treated at a dose of Ml to 10(1 mg/kg by 
mouth once daily for 7 days, which may he accomplished 
by direct oral administration {Dutey and Greene, 1998). 

Placement of medication in food or water may he more 
unreliable for cats than for dogs due to the finicky tastes 
of cals. 

Furazolidone 

Although the nitrofurans (nitrofurazone atsd furazolidone) 

have been reported in ihe literature as being effective .n 

the treat moil of cocci.liosis and were once widely available 
for oral treatment of food animals, they have teen system¬ 
atically eliminated from the veterinary marketplace in the 

United State's due lo concerns regarding carcinogenicity. 
Furazolidone apparently inhibits numerous microbial en¬ 
zyme .systems, especially those related to carbohydrate 
metabolism, but the netuaJ mechanism of action remains lo 
be determined (Fraser el al. + 199]) Fura/olidone is still 
available m a dosage form that is approved for human 

it mt (Furuxone), Potential loxictty includes gastrointestinal 
disturbance, peripheral neuritis, decreased spermatogenesis, 
and weight gain (Brandcr cl aL 1991). Dogs and cats cun 
he treated with 8 to 2(1 mg/kg orally, one to two times 

daily, for 5 days (Dutey and Greene, 1998; Plumb, 1999). 

The product is available in two formulations approved for 
use in people (Ftiroxone): 100-mg tablets and an oral liquid 
containing 3.34 mg/mL. 

Qulnarriiir 

Quinacrinc has demonstrated useful activity In the (real 
ment of coccidiusis. Unfortunately IAS, commercial pro* 
duclion of the drug (Atabrinc) was discontinued in 1993, 

TOXOPLASMOSIS 



Toxoplusmosri is caused by Taxopiasmu grmJii, un obligate 
intracdklar acadian parasite, ‘flic parasite and the disease 

Copyrighted; n 
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occur w or lidw idc and have serious zoonotic impact The 
domestic cat and other cats serve a> the definitive hosts of 
this parasite. All other warm-blooded animals serve as 
intermediate hosts. In the United States, infection rates 
range from D'n to 100ft in cats, 30 *k in dogs, and 30t to 

60^ in people. Although infection and seroconversion are 
common, clinical disease and diagnosis is ram tTaboada 
and Merchant, 1995). 

hnteroepithelial Life Cycle 

The enteroepiihdial life cycle of T gondii in cats is similar 
to ihc life cycle of the common enteric coccidia (Fig 
14-2), Toxtyplasma oocysts are ingested from the environ¬ 
ment; abcnuuivcly, tissue cysts may be ingested by cami- 
vori.sm. Once ingested, bradyzooites are released that pene¬ 
trate the epithelial cells and begin a cycle of atexul 
reproduction. The sexual stage of the cycle proceeds w hen 

ihe zooites differentiate into microgametes and macro- 
gametes The maercgametcs arc fertilized by the rmcro- 
gainctc, and ihc resulting union produces an oocyst that is 
shed in the feces to begin the cycle again. It is believed 
that the enteroepi the Iiai tile cy cle and the resulting oocysts 
only occur in cats; therefore, only eats shed infective oo¬ 
cysts, 

KvtrainicstinaJ Life Cycle 

The extmintestinal life cycle occurs in all warm-blooded 
animals, including cals. This cycle begins when oocysts or 


infected tissues arc ingested. The bradyzoites or sporozoites 
penetrate inlestinul cells and undergo asexual reproduction 
and then break out of the gastrointestinal tract to infect 
virtually all other tissues, including the brain, striated mus¬ 
cle. and liver. After entering these extra intestinal tissues, 
they penetrate the cell and multiply until the cell is de¬ 
stroyed. The tachyznites arc released to infect other cells, 
and the cycle repeats. Eventually the lachyzoites form 

tissue cysts that remain viable and infective for the life of 

the animal. These tissue cysts are infective to all warm¬ 
blooded animals and infect all animals who ingest the 
infected tissues. It is the ubiquitous 1 issue migration and 

replication across innumerable species thai makes the 
pathogen so insidious and dangerous, 

Congenital Transmission 

If the host is infected during pregnancy, then the tadiy- 

zoites move across the placenta to infect the developing 

fetus. Infection during the first half of the pregnancy leads 
to more severe disease in the fetus. Women infected during 
pregnancy risk congenital malformation, mental retarda¬ 
tion, Of death of their unborn fetus. Women should be 
cautioned to avoid exposure to cat feces and to avoid 

consuming undercooked meat during pregnancy. 

Clinical Signs 

Clinical signs in cats are most severe in prcnatally infected 
kittens. Such kittens may be stillborn or die before wean- 
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mg. Clinical fign* relate to pathology in the liver, lungs, 
and central nervous system Adult cats typically demon' 
strafe anorexia, lethargy, dyspnea, weight loss, icterus, 
vomiting, diarrhea, stiff gait shitting leg lameness, .and. 
neurologic deficits. Ocular lesions may include uveitis in 

the anterior and posterior chambers, triljv iridocyclitis, and 
detached retinas. In severe cues, respiratory or central 
nervous system involvement am cause death (Dubey and 
Lappin, 1998). 

Infected dogs may show clinical tigns related to respira¬ 
tory neuromuscular or gastrointestinal pathology, CkmeraJ- 
tied toxoplasmosis i> characterized by fever, tonsillitis, 

dyspnea, diarrhea, and vomiting (L)ubey and Lappin, 1998). 
More devastating clinical signs may be seen in dogs w ith 

neurologic or muscular involvement, Seizures neurologic 
deficits, tremors, ataxia, paresis, or paralysis mav be seen 
in these animals Ocular lesions in dogs are infrequently 

reported (Duhcy and Lappin, 1998), 


nous enterocolitis ha* been reported in people, caused by 

overgrowth of Closiridium diffieik. 

Treatment of systemic Toxrfpbxtrut infection in dogs can 
be wxornp fished wit h oral or intramuscular clindamycin at 
HI to 20 mg/kg twice daily for 2 weeks (Dubcy and Lappin, 

1998; Greene el al.« 1985), Cats can be treated for systemic 
infections with oral or parenteral clindamycin at KM2.5 
mg/kg twice daily for 2 to 4 weeks; this antibiotic is also 
useful to control shedding of oocysts (Lappin et aL 1989)* 
The drug should be given with caution to cats with pul¬ 
monic toxoplasmosis; parenteral administration to ex pen 

mentally infected cats resulted in several deaths (Plumb. 

1999), 

Clindamycin is available in two veterinary formulations 
(Antirobc); capsules containing 25. 75, or 150 mg and an 
oral solution containing 25 mg/ml Similar clindamycin 
formulations are available for use in people (Cleocin): 75- 
;tnd 150-mg oral capsules, an oral pediatric suspension ( 3 3 
mg/mL), and an injectable solution containing 150 mg/mL . 


Diagnosis 

Antemortem diagnosis of toxoplasmosis is a significant 
diagnostic challenge due primarily to tlte usual lack of 
clinical signs in infected animals Fecal floatation for in¬ 
fected cats may reveal small oocysts that are indistinguish¬ 
able from other coccidia. It is also important lo realize lhai 
infected Lais sited for only I to 2 weeks after their 

lirst exposure, thereafter forming a protective immunity 
that prevents further shedding of oocysts. Many other look 
have been applied to the diagnosis of toxoplasmosis, in¬ 
cluding clinical chemistry, which may reveal elevated liver 

enzymes; cytology, which may detect tachyzoites; radiol¬ 
ogy* which could suggest inflammation of target organs; 

serology, which would reveal a past infection; and parasite 
isolation. Unfortunately* no simple, specific, and timely 
diagnostic tool is available to detect an active case of 

toxoplasmosis. 


Treatment 


Treatment of toxoplasmosis may have several goals; lo 
prevent shedding of oocysts from infected cats, to prevent 
transmission ot toxoplasmosis by ingestion ot infected tis¬ 
sue*. to prevent lochyzoite replicalion m mmfcJinc host 
tissues, and to prevent pro natal infections. ! n some eases 

the goal may be to alleviate clinical signs of an active 
i nfeciion. 


( Lind a my d«t 

Clindamycin is currently considered the drug of choice 
for treating toxoplasmosis. Structurally, clindamycin is a 
congener of Iineomycin, Clindamycin it well absorbed 

after oral administration and is widely distributed in 
most tissues, except the central nervous system. It readily 
crosses the placenta and is extensively bound to plasma 
proteins. The drug is metabolized in the liver and excreted 

primarily in the urine and bile (Hardman cl al. + 1996.1. 
Gastroime&tinal upset is sometimes reported in animals 
receiving clindamycin Severe, even fatal, pscudotnembra- 


Sulfd Bus Pyrimethamine 

The more litnc-iestcd therapeutic regimen for toxoplasmo¬ 
sis is a combination of sulfonamide and pyrimethamine. 
The sulfonamides are discussed earlier. Pyrimethamine is 
structurally and pharmacologically ■similar to the tolic acid 
antagonist trimethoprim. Pyrimethamine -is primarily used 
in veterinary medicine to treat toxoplasmosis and equine 

protozoal myelitis -'equine toxoplasmosis ' Little pharma- 

cokineuc data ore available for pyrimethamine in dogs and 

talx. but in people it k well absorbed after oral adminuua- 
tion. It is well distributed to fisc kidneys, liver spleen, and 
lungs The metabolic pathway is unclear, but pyrimeth¬ 
amine metabolites may be found in the urine, 

Pyrimethamine can cause anorexia, malaise, vomiting, 
depression, and myeJosuppression. Concomitant oral ad- 

minixtralion of foliate acid or brewer's yeast may help 

alleviate some of these clinical signs. Because toxicity 

may develop rapidly in cats, they should have frequent 
hematologic monitoring It is a teratogen in rats but is 

sometimes used by pregnant women (Plumb, 1999). 

Dogs and cats are treated for systemic Tm^pfasma in¬ 
fections at a dose of 30 mg/kg sulfa and 0.23 to 0.5 mg/ 
kg pyrimethamine orally tw ice daily for 2 weeks. Cats may 
be treated to control shedding of oocysts at a dose of 100 
mg/kg sulfa and 2 mg/kg pyrimethamine orally once per 

day for 1 to 2 weeks (Dabcy and Lappin* 1998). 

Pyrimethamine alone is available in 25-mg tablets !Dor- 
apnm) and in combination tablets containing 25 mg pyri¬ 
methamine and 500 mg xulfadoxirre (Fansidar). These dos¬ 
age forms are likely to be difficult for most cat owners to 
administer. 


Monenslit 

Mimenxm rs an icmopbore coccidiostat that is fed to poultry 
and cattle to enhance feed efficiency It forms ionic com¬ 
plexes that move across biological membranes. The net 
effect is disturbance of mitochondrial function* which in¬ 
hibits growth of the pathogen. It is not well absorbed 
from the gastrointestinal tract* and thus oral administration 
provides effective concentrations only in the gastroiniesti- 



ftal tract. It can be toxic if high doses tue given Shedding 
of Tojopiasma coc) s\s mas be controlled in cats by mixing 
monensin in the feed at 0.2% on a dry mailer basis and 
feeding for I to 2 weeks f Dubes and Lappin. 1998). Mo- 

nensin is available in several feed-additive formulations 

designed for incorporation into a Itmshed feed Formulating 
such feeds for cats is beyond the capabilities of most 
eat owners, 

GIARDIA 

Biology 


Ginndia i GtwdiO duodtruxlis Giardia iambita) are proto¬ 
zoan parasites that are motile hv means of flagella. They 
exist cxtracdlularly m the lumen ot the gasfroinlcslmal 

tract They are ubiquitous pathogens that can inhabit and 
cauw disease in most mammals and are well-known patho¬ 
gens in dogs, cats, and people. Recent surveys show that 
36% of puppies in the United States are infected w ith 

Giardia (Hahn et ai. 1988). Despite this prevalence, the 

condition in pet animals remains underdiagnosed due to 
inappropriate fecal examination techniques. St is a pathogen 
with zoonotic potential, as Gtardu r frequently causes dis¬ 
ease in people, but there is some uncertainly as to whether 
the same species and strains infect people and pets More- 
extensive information about this issue can be found else¬ 


where (Barlough. 1979; Barr. 1998; Bowman. 1999: Kirk¬ 
patrick. 1986; Zajae, 1992), 

The life cycle of Gbruftfi is direct and simple (Fig, 
14- 3 y The cyst of the Giardia is passed in the feces. It is 


nonmotik- and protected by a distinct wall. Although very 
susceptible to drying, the cysts can survive for weeks or 
months in cool water, infections are often traced back to 

contaminated drinking water. Once ingested, the cysts 
break open and trophozoites are released into the small 

intestine. The trophozoites are flattened on one side wilh a 
ventral sucking disk that attaches to the brush border sur¬ 
face of the villous epithelium The trophozoites obtain their 
nutrients via the host cell membrane. The flagella provide 
locomotion from one attach mem site to another The tro¬ 
phozoites reproduce by hi nary fission. After several divi¬ 
sions the trophozoites encyst ami are shed in the feces; 
they are immediately infective. 

Conventional fecal floatation techniques make identifi¬ 
cation of the parasite difficult because concentrated salt 
floatation media distort the trophozoites Preferred methods 

of diagnosis include microscopic examination of saline 

smears. which readily show the motile trophozoites. Alter¬ 
natively, a zinc sulfate centrifugal method may be used 
to concentrate the giardial cysts and improve sensitivity 
(Bowman, 1999). Improved techniques for evaluation of 
duodenal aspirales and tecal ELISA testing have recently 

become available. 


Treatment 

Albe mia/olc 

Albendazole h a broad-spectrum ben/imidazole commonly 
used for treatment of nematode and trematnde infections 
in large animals. Early evidence suggested that albendazole 



Fig urn 14 -J. SchcmalW rrprevcnintKin ol tiinniia Me C?de H"tl vlnaelural U-Jluirv ot tiianfui tysts and In sphKJfl files- lisiblt- bj light micrnj^ipy. 

Infcckun begins when 4 tfi i* iflpeMed by the h*WL ErcyMKim in Iht upper small imoiine Ksulb in the r*k*rf of an Encoinplddy dhided 
|klu -pI trophomtev. Tmphtwmies juiarii in vilfous cpillicliil surface* f.l| or swim freely t4t m the lumen of the small intcwinc, where uwxtul divwKm 
of iraphazoaH f5| jIm> takes place. EncyWniciU fft) of tropftaZoilcj. pvatuMy in the lower ilium or jro the colon, rental in die ptuiagt of inJcctive e>Ms 
m Dk feeci Tinpho»nitcs (?) may ibn he passed: min ihe en vtmnirwiH. hui ibc> die quickly. Key n» orpandle^; a. cy*i waJI; b nuclei: r, u interne'.; 4 
udhesive-diihC fta^'iticnb; «. median hslics, and i, fligetli, (I-mm KuLpiiru.L Ct (■ uud iads. VlM Clin North Am Small Anuta PrsM 19R7. 17. J377.i 
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is 10(1% effective in treating giardiasis in dogs (Ban 1 el uJ., 
1993). The dose given in that study was 25 mg/kg orally 
twice a dav for four doses Albendazole is available in an 


oral suspension (VaJbazcn) containing J 13.6 rng/mL. 

Albendazole, like other benzimidazoles is well ab¬ 
sorbed {about 50% bioa vai I ah le) and converted in the liver 
to its .j ctive metabolites, albendazole sulfoxide and alben¬ 
dazole Mi if one. These active metabolites are thought to 

bind 10 tubulin molecules, which prohibits the formation 

of microtubules and disrupts cell division. There is also 


evidence that henzin id..izolrs nn inhibit umianitc redui 


tasc. which blocks mitochondrial function, thus depriving 
the parasite of energy and resulting in death. The parent 
drug and its metabolites are excreted primarily in the urine. 
Albendazole has been shown to be teratogenic, thus 

limiting us use in pregnant animals. Dogs treated with 50 

mg/kg twice daily may develop anorexia, and cats treated 

with 100 ing/kg per day for 14 10 21 days showed weight 
loss* neutropenia, and mental dullness | Plumb, 1999 k More 
recently, the drug was shown to be toxic to dogs and cats 

in clinical use (Meyer, J998; Stokol et al.. 19971 Reported 
tnxieitie* include mydoMippression (anemia, leukopenia, 
and thrombocytopenia h abortion, teratogenicity, anorexia. 

depression, ataxia, vomiting, and diarrhea. Veterinarians 
are advised to use due caution with this product in dogs. 


Fenbendazote 

l^enbendjizok is currently approved by the U N. Food ami 
Ihrug Adminiftratmn for removal of gastrointestinal hel¬ 
minths in dogs Recently, it has shown excellent activity 
against Giardia (Burr et aL 1994: Meyer, 199K; Zajac et 
al.. 199ft). The approved dose and the effective do*c against 
Gitirttia is 5(1 ntg/Lg orally once daily for 3 days. Treatment 
of giardiasis is not an approved use for this product 

The drug is well tolerated and has a good safety profile. 
The only reported adverse effects are vomiting and diar¬ 
rhea, ITiis rime tested anthelmintic should enjoy more 

widespread use in The treatment of Gitinffa in dogs. 


F u mzotidom 

There is a report of successful treatment of giardiasis in 
cats with furazolidone (Kirkpatrick, 1985), As noted above, 
furazolidone was once widely available for oral treatment 

of food animals. Presently; the niirofurans have been sys¬ 
tematically eliminated from the veterinary marketplace in 
the United St,Lies due to concerns regarding carcinogenic¬ 
ity Furazolidone is still available in a dosage form that 

is approved for human use (Furoxone) Toxicity includes 
gastrointestinal disturbance, peripheral neuritis, decreased 

spermatOfcnKsss, and weight gain (Broader ct al., 1991). 
Cats can be treated w ith a dose of 4 mg/kg two times daily 

for 7 to Ifl days iBarr, I99H: Xherding and Johnson 1994k 
The product is available ;n two formulalums approved for 
u>e by people (Furoxone), 100-mg tablets and an oral 
liquid containing 3.33 mg/ml. 


amebax, Giardith as well as anaerobic cocci and Bin Mu.% 
species. The prototypical mtroi midazole is metronidazole. 

which has become the drug of choice for treatment of 

< iifmtui. Other drug ’* in the clast ripmnidarok, tiniduzolc* 

mmora/ole, onudazole, and ben/nida/ole) have been used 

to control Giantia, although none are currently available 

in the United States. None of the nitroimidazolc drugs is 

approved for use in animals The FDA strongly warns 

against their use in food-producing animals, as this class 
of drug has been shown to produce tumors in laboratory ro 

dents 

Metronidazole ( Flagyl) ls well absorbed from the gastro¬ 
intestinal tract. It has very low protein binding and i\ well 
distributed tn the body. After entering the target celt it 

interacts with the protozoal DNA. w he 1 c it causes a loss 
of helical structure and strand breakage U SP 1998 J. The 
liver extensively metabolizes the drug, and in humans 
hepatic transformation is responsible for 50% of the elimi 
nation. Patients receiving cimctidinr or phcnoborbilal may 

require adjustment in the dosage due 10 drug interaction 
Metronidazole toxicity may be seen with high doses. Neu- 
roh^gic toxicity includes ataxia, nystagmus, seizures, trem¬ 
ors, or weakness (USP. 199H: Dow et al. 1989) Numerous 
studies have demonstrated that metronidazole is m effec¬ 
tive treatment for giardiasis (Bare ham e! 11 L, 19194: Kirkpat¬ 
rick at id Farrell, 1984,. Zinuncr I9K7: Natron. 1980: Ziim 
mer and Burriitgton, 1986), although efficacy is rarely 
100‘P. Dogs may be treated orally with 12,5 to 32,5 mg/ 
kg twice daily; therapy should he continued for 8 day*. 
Cats may be treated orally with 17,4 mg/kg once daily for 
8 dsps tUSP. 1998). The commercially available product 
(Flagyl) is formulated in 250- and 500-mg tablets, Parcn- 
(era) formulations arc also available. but their usefulness 
would seem questionable considering that the glordiul tro¬ 
phozoites remain in the lumen of the gastrointestinal tract. 

Qufn&trlne 

Quinocrinc as described above has also been shown to be 
useful in treating giardiasis in dogs and cats (Zimmer and 

Buffington, 1986). Unfortunately, commercial production 
of the product (Atabrinc) was discontinued in 1993. 


SUMMARY 

Therapy of protozoal infections in small animals may range 

from simple to complex therapeutic dilemmas. The best 

treatment of each case must be determined by considering 

the life cycle of the pathogen, the general physical condi¬ 
tion ol each animal, and the animal s ero i ramneoi. Therapy 

must include adequate attention to supportive therapy 10 
control clinical signs and to support normal body function. 
Therapy also include adequate hygiene to limil reinfection 
and disease transmission The selection and administration 
of the specific antiprotozoal agent is only < 1 1 u- part, of the 
overall therapeutic picture. 


Metronidazole 

rhe nitroi mi da zoLcs rqircsenl a very useful class of drugs 
that have broad-spectrum activity against trkhumonads. 
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INTRODUCTION 

Gastrointestinal parasites arc among I he most common 
infectious agents that veterinarians m small animal practice 

must manage (Bhigbum ei ah, 1996), In the landmark 

parasite prevalence study, Blagbum and coworkers evalu* 

ated over 6000 canine fecal specimens from all 50 states 
and the District of Columbia. The revolts indicate that 
parasites remain common in American dogs Nationwide 

WS of (he samples tested were positive for roundworm 
\ Tamara earns), hookworm i,Am-'hworm ranmutn). or 
whipworm {Trichuris vulpis) Even more surprising, $2% 

«l the samples from the southeastern United States were 

positive for ai least orte of the important nematodes. AJ 

though these parasites are important m the health of dogs, 
several are also imponani zoonotic pathogens. 

The life cycle and biology of the most important para¬ 
sites are well understood by graduate veterinarians and are 
not discussed here; however, current textbooks of parasitol¬ 
ogy mav be consulted lor review {Bow mm 1999; Georgi 

and Georgu 1992), The literature on ami parasite drugs is 

enormous; in the interests of both economy and readability* 

only a few references are listed. These will guide the 

veterinarian who needs more specific information about the 
subject. Tables 15-1 atid 15-2 provide a general overview 
of anthelmintic drug spectrum against the common gastnw 

intestinal nematodes. The text should he consulted for 
specific dosage regimens, toxicity* and contraindications. 

A paras i licide is a poison that is more loxic to parasites 
(lun to their hosts. 1 lie degree of discrimination is some¬ 
times small, sometimes considerable, but never complete. 

<*> that application of parasiticides always entails some 

hazard to the host. As a matter of fart, it is sometimes 
easier to explain the deleterious effects that parasiticides 
esert cm the host than to explain how they kill parasites. 



An exhaustive review of the pharmacology, mechanism of 
action, pharmacokinetics, and efficacy of anthelmintics is 

outside the scope of this book. For more exhaustive infor¬ 
mation on Anthelmintics, there are two excellent works that 
should be consulted (Campbell and Revv, 1985. Vanden 
Bosscheet al.„ 1985). A compendium uf products approved 
by the ti.S. Food and Drug Administration (FDA) and 
commercially available can be found in the Veterinary 
Products and Biologies (Entrifcen et ah, 1998). 


Macrolides 

Macrolides (or macrocydic lactones) have revolutionized 
till- control of parasites in both humans and animaK They 
arc generally regarded as the most effective and least toxic 
parasiticides yet developed. These products are similar in 
that they are antibiotics produced by streptomycete micro- 
organisms and have large complex inacrucycLic structures. 
Although originally believed to net by disturbing gamma- 

aminobutyric acid (GABA t-mediated neurotransmiwion* it 

eow appears that they act with high affinity to a glutamate- 

gated chloride channel iShoop el ah. 1995), The macrocy- 
dic lactones apparently bigger chloride ion influx, which 
hvperpolanzcv the parasite neuron and prevents initiation 

or propagation of normal action potentials. The net effect 
is paralysis and death of the target parasite. The literature 
surrounding these products is considerable, bui several 
good reviews parr the literature down to comprehensible 
levels (Bennett* 1986; Campbell. l989;Shoopet al,, 1995), 

Ivermectin 

Ivermectin was the tint commercially available macroltde. 

The avcntiectitts were i.volated from the fcnnenuiion broth 

m 
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of owrmififev, The discovery of the anthel¬ 

mintic activity made lifter administration of the aciino- 

mycciic broth to mice infected with the nematode Afcnw- 

tospiroides dkhias. Ivmxiectin is effective against many 
rtcrrmiodcs and arthropods. In [vntR'ukuv ivermectin is very 
effective against immature Dirnfikiria immitis btii has mini¬ 
mal effect on adult heart worms Administration of ivermec¬ 
tin lo pregnant rats* nr.ee, and rabbits produced leratism 

only at or near matemotoxie doses There was no teratogen- 

esis m cattle, sheep, and dogs when ivermectin was admin¬ 
istered to pregnant aniinah at four times the recommended 
dose, Although toxicity for aquatic animals ls high, the 

binding of ivermectin in sod reducers its concentration to 

level! that have no apparent effect on the environment. 
The acme oral LD S , in mice varied from 11.6 to 17.2 mg/ 
kg and the 1 .I> v , for rats was 42.8 to 52.8 mg/kg. In a 14- 
week study with rats., the "no-cfleet" level was M mg/kg 
Ivermectin U well absorbed '95ft : after oral administra¬ 
tion ami well distributed to most tissues except the central 
nervous system. It is largely eliminated unchanged in the 
feces anil is metabolized to a small degree in the liver by 

oxidation. In dogs the terminal half-life is approximately 

441 hours. 


A single oral dose of 2 mg/kg and repeated oral doses 
of 0.5 mg/kg per day for 14 weeks were wdl tolerated by 
dogs (Paul and Tranquil Ik 1989>. Mydriasis, depression. 


tremors, ataxia, coma, and death have been observed after 


doses in excess of 40 mg/kg in laboratory dogs. The appar¬ 
ent LDvi for beagle dogs is 80 mg/kg I Paul and Tranquil It, 
1989 j No bemism was observed in fetuses when pregnant 
bitches received repeated oral doses of ivermectin of 0.5 

mg/kg. 

Some collie dogs are unusually sensitive to the toxic 
effects of ivermectin, although it is sale foi .ill breeds at 

the approved dose of 6 pg/kg. Parly studies indicated 
that some genetic lines of codie developed severe adverse 
reactions when ivermectin was given ^ a dose of 0,1 mg/kg 
,36 times the label dose), producing mydriasis, ataxia, 
irtmotv drooling, paresis, recumbency, excitability, stupor, 

and coma. There is some evidence 'that intravenous admin¬ 
istration of physostigmine may be of some benefit for dogs 
suffering from severe ivermectin intoxication (Tranquil!! 

cl al.. 1987), although the mainstay of therapy remains 
supportive and symptomatic therapy (Paul and TranquilH, 
I9K9), 


Doga Ivermectin (Hcartgstrdl tablets arc administered 
orally at a dose level of 0.006 mg/kg (6 ug/kgl at monthly 
intervals to prevent the establ ixhmcnt of the L>. immitis. 
The initial dose should be given within 1 month after the 
first exposure u» mosquitoes and throughout tilt* period of 

the year when mosquitoes are active. The last (reaimenl 

must be given to dogs within 3 month after the Iasi expo¬ 
sure to mosquitoes. Ivermectin has minimal activity against 
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the udult heaitworm. 

It is active on the third-stage and 

fourth-stage larvae and the circulating microfilariae. A sin- 


g]>r oral dost of ivermectin administered within 2 months 

alter infection prevents the establsshinenl of the worms in 

the heart A single dose of 0,05 mg/kg is adequate to clear 

the circulating microfilariae when given to dogs 4 weeks 

after the administration of an JuduUicide, Ivermectin is not 

approved as a microfilm cuk- When ivermectin (0.006 
mg/kg) is given to heaitworm positive dogs over several 
months, the circulating microfilariae are eliminated, re¬ 
sulting in an occult infection. Thus dogs receiving ivermec¬ 
tin monthly should be tested annually w ith an occult heart- 
worm test (Bowman el al.. 1992). 

When diethylcartanuzine is replaced in a preventative 
program, the first dose of' Hcartgard must be given within 
I month after dieihyLcarhamazine is stopped Hcartgard 

should not be given to dogs under 6 weeks of age. 

Ivermectin ns a single subcutaneous injection or by oral 
administration at 0,2 mg/kg demonstrated high efficacy 
against the immature and adult 7 cams. A, canit tm, 
A. brazitirnse. Utttinarict sirnoetphttfa, Stnmxylnittes 
stenrofaiis, Capillaria spp.* and Fifaroides hirtftj (Bow¬ 
man* 1999; Plumb, 1999). Its activity at that dose against 

Toxascaris leimm® and T, vutpis b erratic. 

A combination product I Hcartgard plus> containing iver¬ 
mectin and pyrantel pamoate is available. See the discus¬ 
sion o\ combination products for more information. 

Cats Ivermectin is approved as a monthly heart worm 
preventative in cats (Heangord for eats). The approved 
dose of 0.024 mg/kg is effective in preventing 'the develop¬ 
ment of D. immitis (MolW et at. 1992b; Paul et af. 


1992a>. It is also approved for use against A. bravlicttse 

and A. lubaejnrm* (Nolan et at. 1992, Roberson et at. 

1992), A dose of 0. I mg/kg is required to eliminate Toxm 
corn cati Blagburn et aL 1987, Kirkpatrick and Megella, 

1987), 


Milbtmytln Oxime 

MiJbemycin oxime was the second macnocy clic lactone to 
achieve approval by the U.S. IT)A. it is a fermentation 
product of Strrpsomvers hygmscoptcu* <mrcoiacrimasi* It 
has structural similarities to ivermectin and i- believed to 

work by a similar mechanism of action, Lmie is known 

about its pharmacokinetics. It is generally believed to be 
similar to ivermectin with regard to absorption, metabo¬ 
lism, and excretion. Although an LD_* t was nevei deter¬ 
mined for dogs, single oral doses of 200 mg/kg were 
tolerated in laboratory beagles, and collie dogs tolerated 
single oral doses of U> mg/kg without toxicity. 

Dugs Milbcmycin oxime tablets (Inlerceplor) are for¬ 
mulated to deliver a minimum dose of 0.5 mg/kg of body 
weight. When given every 30 days it is effective in pre¬ 
venting heart worms iD. tmmitit) (Baler* 1989; Bradley. 
1989; Grieve et al. h 1991). It also kills A. caninum 7dm- 
f(4ta amis , and Tnchurts vuipi .t (Blagburn et a 1, 1992c; 
Bowman et aJ., 1988. 1990, 1991). Milbemycin oxime has 
been extensively tested with regard to safely It is nontoxic 
to collies at up to 20 times the recommended dose and is 
sale to give to pregnant and nursing animals (Blagburn et 
al.. [ 9119; Sasaki et id., i 990). 

Milbemydn oxime, like ivermectin, is known to kill 
heart worm microti Ian ue and inhibit The release of new 

microfilariae Thus all dogs receiving routine monthly 

he-utworm prophylaxis should be tested with adult antigen 

tests (Blagburn et uL l n h)2a: Bowman et al . 1992; Lok el 
al.* 1992), 

Cals Milbemycin oxime is approved for use in cats 
(Interceptor for Cals), The product is effective .n pre¬ 
venting Dimfitaria (Stewart et at,. I992li and effective in 
removing / ctrfj and A tuixiffarmr (Blagbum et al., 1992b) 
when given once a month at a dose of 1.5 mg/kg. 


Moddecdn 

Moxidectin is the third macroli.de to enter the parasite 
market. It is currently approved in the United Steles for 

use in dogs {Proheart). It h m chemically altered product 
of Strrptomxt'es autroherimosus noru ytmagmux. It lias a 
similar range of activity and safety margin as- ivermectin 
and milbemycin oxime. 


Dogs Moxidectin is known to be very active against 
heartworms (D. immttis) and gastrointestinal nematodes ft 

is approved for the prevention of heartworms at a dose ot 
0.003 mg/kg (3 |Xg/kg) orally every month, When moxidec- 
un is administered at 0,003 mg/kg of body weight monthly 

it is lOOft effective in preventing the development of adult 
LX itnmiiis (McCall ei al., 1992. Metier n al,, 1992a; King 
et at. 1992), At the recommended dose it is safe in rough- 
coated collies (Paul et al., 1992b), and it produced m> 
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adverse effects in collie dogs when given at 2ft times the. 
approved dose, although mild toxic effects were seen at 30 
times the approved dose {Anonymous* 1997}. Moxidectin 
showed little effect on the circulating microfilariae of D 
'.minin', in ,s short term study (Hendrix el al., 19921, al¬ 
though the long-term effects on microfilariae remain to he 
published. Is produced no adverse reactions in dogs with 

patent hcartworm infection, although the- approved label 
prohibit.* use for such dogs f Anonymous 1997}. 

Moxtdeciin is also effective against gastrointestinal nem¬ 
atodes. It is effective against A. taninum at 0.025 mg/kg and 
against t Menacephatti al ft, 15 mg/kg, 1 i al so dcmonstnited 

good activity against Toxocara cams ami Taxascaris teo- 
nina at the doses tested {0025 to ft.3 mg/kg orally} iSupa- 
komdej et al., 1993 ). 


St I a meet in 

Sdamcctin 1 Revolution) is the latest macrolide to enter the 

United Suites marketplace. It is currently approved for use 
Lit dogs and cats to control both internal and external 
parasites. This, product is unique among other macrohdc* 
used in small animals in that it is formulated for convenient 
topical administration. It is simply spotted*’ onto Use skin 

of the pet. 

Thu discussion is limited to sdamcctin'i use against 

internal parasites, li is produced as a fermentation product 
of Sfreptomyces avermititis which is then chemically modi¬ 
fied (Thomas, 1999}. The pharmacokinetics after topical 
administration has been studied extensively The topical 
biuavai Lability varies greatly among species. In dogs the 

bioavai Lability is only 4%, hut it is much bluer {74%} in 

cals. Tiie terminal half-life was much longer in both species 
■after topical administration than .after intravenous adminis¬ 
tration which suggest - sustained release from an extra vas¬ 
cular depot. The half-life after topical administration was 
I [ days for dogs and £ days for cats. The product is 
absorbed in sufficient quantities and persists for sufficient 
lime to control the target parasites. The approved topical 
dose is i minimum of 6.2 mg/kg for dogs and is 6.6 mg/kg 

for cats, 

SeJamtclin is approved far the prevention of heart wont) 
(Dinifilcirici immiti.sl in both dogs and cals, when applied 

topically once every 1ft days (McTter et al,. 199R). Exten¬ 
sive studies have proved the drug’s efficacy against heart- 
worms (Thomas, 1999.}, even when application was fol¬ 
lowed by bathing. The bathing study demonstrated that the 

topical application is not Likely to be dislodged by inadver 
lent swimming or rainstorms. In cals, Retained in is also 
effective in removing hookworm iAm ytostvma tubae- 
fvrmt) and roundworm {Ttvtacam < at i }, This rffecl is un¬ 
doubtedly owing to the greater topical bioa variability ob¬ 
served in cats I Thomas, 1999 \ 

The safety of sclamectin has been established in both 
dogs and cats, and even for use in puppies and kittens over 
6 weeks old. It is also safe to use in breeding dogs and 
cats i Thomas, 1999), Most important, the safety was dem¬ 
onstrated in ivermcctin-sensilivc collie dogs. There is no 
label warning against its use in heart worm-positive Jogs 

and cats. Clinical studies have confirmed the wide safety 
margin demonstrated in tile Laboratory studies. 


The benzimidazoles represent a Urge family of broad- 
spectium agents that have enjoyed widespread use for 
many years in a wide array of animal specks. Excellent 
review articles (Campbell, 1990; Lacey; 1990; McKellar 
and Scott. IW0) discuss the history* modi" of action, and 
spectrum of activity of this useful class of anthelmintics. 

'1 hiabendozolc was the first benzimidazole discovered, 
and it represented a major step forward when it become 
available over 30 years ago. At tile lime of its introduction, 
thiabendazole was a true brood-spectrum product that was 
very safe to the host animal. Since that time, parasite 
resistance to ;hc benzimidazoles has been discovered in 
several specie* of large-animal parasite*. 

Considerable effort has been devoted to determining die 
mechanism by which the benzimidazoles act on parasites. 
Conventional wisdom holds that benzimidazoles bind to 

tubulin molecules, which inhibits the formation of microtu¬ 
bules and disrupts cell di vision. Evidence also indicates 

that the benzimidazoles can inhibit fumarale reductase* 
which block* mitochondrial function and kills the parasite 

by depriving it of energy. 

The henzimidazole!i arc poorly soluble and thus are 
generally given by mouth, They are more effective in 
horses and ruminants due to their slow transit through (he 

cecum and rumen. Proper use in small animal* requires 
that the benzimidazoles be given for a minimum of 3 days 
In a row, ‘Hie dose is usually more effective when divided 
into two doses per day, thus prolonging the contact lime 
with the parasite. 

One member of the group, albendazole, has been found 
to be- teratogenic, thus limiting its use in pregnant animals. 
For simplicity the pro-benzimidazole drug fchantd is m- 
d Luted in this section. It is a tionbenzimktazolc drug that 
is metabolized to a benzimidazole; thus it shares a similar 
efficacy and mechanism of action w:ih the other benzimid¬ 
azoles. 


Albendazole is the newest benzimidazole, with potent 
broad spectrum anthelmintic activity. Albendazole (Al- 
he [1/4*1 is used overtax for the treatment uf intestinal 
helminth infections, hydatid disease, and cysticercoses of 
humans. It is commonly used for treatment of nematode 
and tremalode infections in large animals (Valba/en}. Al¬ 
bendazole has been used safely in cals for treatment of 
Paragotiimux kcUkotti at a dose of 5ft mg/kg daily for 

21 days. 

Albendazole, I ike other benzimidazoles, is well ab¬ 
sorbed (about 50% bioavai table} and converted in the liver 
to the active metabolites albendazole sulfoxide and alben¬ 
dazole sulfbne. These active metabolites ore thought to 
bind to tubulin and inhibit fumarate reductase. The parent 
drug and its metabolites arc excreted primarily in the urine. 

Albendazole has been shown to be teratogenic, thus 
limiting us use in pregnant animals. Dogs treated with 50 
mg/kg twice daily may develop anorexia, and cats treated 
with 100 mg/kg per day for 14 to 21 days showed weight 
loss* neutropenia* and mental dullness. (Plumb. 1999}, Al¬ 
bendazole in clinical use has demonstrated significant tox- 
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icily, including mydosupprcssiun (leukopenia, anemia aid 
throm hoc? topen U h abortion* temism, anorexia* depres¬ 
sion, ataxia, vomiting, and diarrhea (Meyer, 1998; Stokol 

el al., 1997) Veterinarians are advised to use due caution 


with this product for dogs. 

Albendazole is available in an oral suspension (Valba- 

?en) containing II?- & mg/mL. Dogs can be treated for F, 

hirthi iit. a dose of 25 to 50 mg/kg twice daily for 5 days 

(Georg i et al,. 1978). C. pika can he treated at a dose of 

50 mg/kg twice cL.ii.Jy for 10 to 14 days (Brown and Bar- 
sanii, 1989' and P keitkom m a dose of 25 mg/kg twice 
daily for 21 days (Bowman, 19991, The same dose is 

effective for Paragtmimus in cats (Piwreb, 19991, Although 

albendazole is effective against these uncommon parasites, 

ivermectin ami praziquantel arc more convenient therapies 

and likely to be just as effective. 


F> haul el 

Fcbantd is a pro-drug that i metabolized lo fenbendazolc 
and uxfetHla/ule. which are undoubtedly ihe active parasit¬ 
icides (McKellar and Scou 1990). The oral acute toxic 
dose in mice. rats, and dogs is more than LO g/kg At 
oral doses above 150 mg/kg per da) lor 6 clays, transient 
salivation, diarrhea, vomiting, awl anorexia may be seen in 
dogs and cats. 

Dogs hebantel (Kintal) is given by mouth to dogs at a 

dose of in mg/kg daily fen 3 consecutive days, Puppies 
less than 6 months of age should be given a dose of 15 
ing/kg, 

1 ebantel is effective against A. emittum. Istemwtpfy 
ait I, Tojoccira t.anhr To tax cutis Iron i rm. and Trniutns 
vufpts K'nrwin et at., I 982), Puppies less than 6 months of 
age should be dosed on a full stomach; adult dogs do not 
need to be fed or fasted, Febantel should not lie adnimU- 
lercd to pregnant animals, as administration at 30 mg/kg 
resulted in increased abortions and fetal abnormalities. Two 
combination products containing febuntd are discussed be¬ 
low. 

t'als hebantel tablets (Kintal) .arc effective in removing 
A. suharforme arid Toxcnarti can when given for 1 days al 
a dose of It) mg/kg in cats and a dose ot 15 mg/kg in 
kittens less than 6 months Kittens should he dosed on an 
empty stomach. 


Ken benduolc 

Fenbendazok is a commercially successful benzimidazole 

(foil enjoys wide usage m Joes. The oral LD-, fur mis and 

mice is higher than 10 g/kg Fenbendazok does not have 
embryotoxiu or teratogenic effects in rau, sheep, and cattle, 
lo the rabbit, fenbendazok was fciotoxic but not terato¬ 
genic, and no carcinogenesis was observed in Lifetime Mud* 
ics in rats and mice. In a fomonth toxicity study in dogs, 
no effect was observed at 4 mg/kg m below. 

FcnbetidazuLc is a broad-spec;rum anthelmintic wath ac¬ 
tivity against a variety of helminth parasites of dogs cats, 
and many zoo animals Absorbed fen bend azote is metabo 
lized to at least two active metabolites, oxfrndazote sulfox¬ 
ide and oxfendazole sulfone and in ruminants it is known 


to undergo cctterohepatic cycling, which serves to prolong 
effective blood Levels lUSP, I99K). Jn the United States, 
fenbendazofe is approved for control of helminth parasites 
of horses, cattle, and dogs. 

Dogs Funbcnda/ok granules (Panacur) at „i dose level 
of 50 tng/kg h mixed in the feed and given to dogs for 3 
consecutive days for the removal of Toxttcara tunfo Tri* 
a scans ttoriirkL A. ammum, U. stcwfccpba la Trie Hum 
ruipiv. and Tarnia pist/omtis \ Bowman, 1992; Burke and 
Roberson* 1978, 1979: Roberson and Burke, 1982; Rober¬ 
son and Cornelius, 1983). Recently, it has shown excellent 
activity against giandja at the approved dose (Barr et al., 

1994; Meyer. 1998 Zajac et al., 1998). Higher unapproved 
dose levels (50 lo 100 mg/kg) for 10 to I I days demon¬ 
strated excellent activity against the lung duke E kellkom 
(Dubey et al , 1979; Plumb, 1999) Fcnhcnda/ole is rela- 
lively safe and there are no known contraindications for its 

use in dogs. 

Cats Fenbendazolc ii not currently approved for use in 

cats. When given at a clow of 50 mg/kg for 5 days n 
is effective again M adult Ttmx'ara rati. A,, tuba (forme, 
Aelurmtritttgytu* tthxtrusus, R kdiicotn, as well as c apitla- 

riu (Bowman, 1992; Roberson ami Bu.rkv% I980|, 

Oaribendazole 

‘The acute oral LD* for oxibcndazole is greater than JO 
g/kg in guinea pig-,, hamsters, and rabbits and greater iMn 
32 g/kg in mice. No adverse reactions were observed in 
fats and dogs treated with up to 30 mg/kg daily for 3 
months. No evidence of teratogenicity or onhryutoxiciiy 

was observed in rats, mice, sheep, cattle, and horses, 

A combination product of ox a bendazote and diethylcar- 
bamazine is available for dogs. See the section on broad- 

spectrum combination products. 

Thiabendazole 

The discovery ot thiabendazole. the first of the benzimida¬ 
zoles, in 196] marked the beginning of truly broad spec¬ 
trum anthelmintics It is active against nematodes, fungi, 
and mites. It is a very safe compound, the acute oral LD%, 

for r m is 3.1 g/kg. Owing to its wide margin of safety* 
thiabendazole has been used in animals of all ages and in 
pregnant and debilitated animals. In dogs, vomiting, diar 
rhea, hair loss, and lethargy are possible side effects noted 

with high doses or long-term treatment (Plumb. 1999), 
Thiabendazole is available in a variety of pharmaceutical 

forms t suspension, bolus, paste, feed block, feed premix 

■and top dressing pellets) and different proprietary names. 
In dogs, it is only used sytiemically for treatment of the 
uncommon parasite' Stmngyloidts and Fibmitfes (Plumb, 
J999; Alien et aT, £9931: it is more commonly used topi¬ 
cally in dogs as a antifungal agent n Trcsadcrm fi* treat¬ 
ment of otins externa. 



The discovery of lecramisole in 1966 was the first in 

the development of the imidazorfiiazolcv Tetramiw’ilc was 
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lL \1 U'.l.]' i a i lLlclcjLl. mixture of two optical isomers; twilj (he 
Ldsomcr has anthelmintic acijviiy. The active isofner was 
subsequently developed as lev a mi sole In this class oi 
anihelmimic only kv ami sole is still readily available 
The imida/nthia mles act by disturbing the neuromuscu¬ 
lar system uf susceptible nematodes causing contraction 

and subsequent ionic paralysis (Coles d al., 1975: Coles, 

1977; Vancten Bossche el a!., 1985). They arc also known 

to interfere with the fumarate reduction system, which 
plays a key role in mitochondrial energy production (Behm 
and Bryant, 1979; Vanden Bossche et aL 1985). 

Lcvamiwk is well absorbed after oral administration, 
and widely distributed in the body The parent drug is 
extensively metabolized in Ihe body and excreted in the 
urine ami feces. The half-life of diminution is 3 to 4 hours 
in the dog (USP. 1998). It should not be administered 

in combination with chloramphenicol; Mich practice has 

resulted in fatality It should not be given in combination 
with cholinesterase inhibitors or with pyrantel, Administra- 
Ison of levamisole to dogs can result in salivation, vom¬ 
iting. diarrhea, neurotoxicity, agranulucy tosis, dyspnea, 

pulmonary edema, immune-mediated skin eruptions, and 

lethargy Adverse reactions in cats include hypm&livaJion, 
excitement, mydriasis, and vomiting (Plumb, 1999). 

I evamisole (Lcvasole. Tramisol) is available as a bolus 

formulated for administration to sheep, they may be admin¬ 
istered to dogs and cat* Before the advent of ivermectin, 
IcvamAole enjoyed widespread use in dogs for the elimina¬ 
tion of heurtwurm micnrfiLariae at a dose of 10 nig/kg once 
a day for 6 to IU days. Since then it is primarily used by 
veterinarians that are reluctant to treat collies with ivermec¬ 
tin It may also be used to dear cupillaria at a dose of 7 to 
12 mg/kg once daily for ? to 7 days, or for Filanmirs 

osferi when given bar 20 to 45 days (Plumb, 1999). 


Pyrantel 


Pyrame! is one of ihe tetrahydropyrim(dines which also 
include moranld and the rnvestigaltonal compound oxantel 
Members of this anthelmintic class block gongiwmc neuro- 
transmission by their cholinergic action (Aubry el uL f 

1970). 

The tartrate sail of pyrantel is a white powder, soluble 
in water that is used in horses and swine Pyrantel tartrate 
is well absorbed after oral administration in ihe rat, dog, 
and pig. Plasma levels peak within two to three hours and 
the drug is rapidly tncuMi/cd and eliminated in the mine. 

The pamoate salt of pvrunic I is a yellow powder, insolu¬ 
ble in water ll is available as a ready *tu-use suspension 

and as tablets few dogs and horses Pyranlel pamoate is 

poorly absorbed from the intestine; this phenomenon adds 
to its safety in very young or weak animals. Pyrantel salts 
arc stable in solid form but pholodegrade wlwn dissolved 
or suspended in water, resulting in reduction uf potency. 


Dogs Py rantel pamoate, as a palatable suspension, swal¬ 
low tablet, or as chew able tablet (Nemexi, is indicated for 
the removal of 71 iwir. f /witiw. A. iwititium. and V, 


ffetuH-ephtiiii from dogs and puppies (Clark et al.. 1991; 
Jacobs, 1987b, Klein cl ah. 1978; Linquist. 1975; Todd cl 
al., (975). Fhe recommended dose of 5 mg/kg of Nemex 


suspension is administered orally m mixed with a small 
amount of feed. For animals weighing 2,25 kg or less, the 
dose is increased to 10 mg/kg Tablets may be administered 
directly or placed in a small portion of food, Ncmex Jim 

been shown to be safe in nursing and weanling pups, 
pregnant bitches, males used for breeding, and dogs in¬ 
fected with D immitis. The oral LD y] is greater than 690 
mg/kg in dogs. No significant morplioLogk changes were 
induced in dogs given 94 mg/kg daily for 90 days. Pyrantel 
pamoate is compatible with organophosphates aod oilier 
amiporasitk and antimicrobial agents. 

Cals Pyrantel pamoate is a very safe and effective 

anthelmintic for use in cats with special utility against the 

common nematodes of kittens and young cats, fi is curious 
that it is not yet approved for use in cats. An oral dose of 
5 to 10 tng/kg is effective against ascarids, hookworms, 
and PhvMitopttm and should be repeated in 2 to 3 weeks 

i Plumb, 1999 ), 

Piperazines 

Piperazine and the piperazine analogue diethy leaf bam azine 
(DEC) art 1 simple heterocyclic drugs. Piperazine and DEC' 

are believed lo produce a neuromuscular blockade through 
disruption of cholinergic or GABA ncurotransmission 
(Campbell and Rew. 1985; Roberson, 198B). Piperazine 
and DEC are. quite safe to use m all spet \e s (Rubctson, 
1988), These drugs .ill share a narrow spectrum of action 

and are active primarily again si oscarids. 

Piperazine 

Various salts of piperazine (adipate, hydrochloride, sulfate, 
monohydratc, citrate, and dihydrochloride) are used as 
anthelmintics in swine, poultry, horses, dogs, and cats. 
Anthelmintic activity depends on freeing piperazine base 

in the gastrointestinal tract, thus the effective dose must be 
calculated on the amount of piperazine base. The amount 
of piperazine (bait) in each salt varies widely. The citrate, 
adipate, phosphate, and dihydrochloride salts contain 35, 
37, 42, and piperazine hose respectively (USP P 1998), 

Piperazine paralyzes worms by blocking the action of 

acety lcholine and GABA al the neuromuscular junctions, 
and (he worms are eliminated hy intestinal peristalsis 
(Campbell and Rew. 1985; Roberson, 1988!. Piperazine ts 

*Uo one of the relive ingredients in a number of combina¬ 
tion anthelmintic products. Piperazine should not be used 
in combination with pyrantel pamoate, because (he modes 

of action are antagonistic. 

Piperazine is rapidly absorbed from the gastrointestinal 
tract and rapidly cleared by urinary excretion. Elimination 
is virtually complete within 24 hours (USP, 1998), It should 
be used with caution in animals with hepatic or renal 
dysfunction. It may not be effective <n animals with intesti¬ 
nal hypomotility because the paralyzed worms may recover 

from the drug effect before they are passed in the stool. 
Occasional adverse reactions observed in dogs include 

ataxia, diarrhea, and vomiting. 

Piperazine is available as (ablets, solution, and soluble 
powder under many proprietary names (Happy Jack Kennel 
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Wormer* Pipu-Tabs, Purina Liquid Wormer, Sergeant's 

Worm Amu Pipsmiiw is iwstieillji nontewe % e ora 

LD«i for rals is 4,9 g/kg and for mice is 11.4 g/kg Treat¬ 
ment for intoxication is symptomatic and supportive. Piper¬ 
azine can be administered to animals of all ages 

Piperazine is usually administered oral!) at 45 to 65 mg 
of base per kilogram (USP t 199#lj* although higher doses 
(10Q in 250 mg/kg) have been reported in the literature, 
(English and SprciH* 1965; Jacobs, 1987a: Sharp ct al* 
1973), Piperazine is effective against adult roundworms 

Toxocora amis , Tmocara cati, and T&xascaris fcanitta, 


Diettn kurhuma/int 

Diethylearbamazmc citrate {DEO is a biner-tasting hetero¬ 
cyclic compound closely related to pi per a/me The drug is 
readily absorbed from ihe gastrointestinal tract and disirib- 
uted to all tissues except for fat, Peak blood levels occur 3 
hours after administration Diethylcarhamaziiic citrate is 
rapidlv cleared from the body (7()f* in 24 hoursi in the 
urine. li is eliminated primanlv as meliiboltles w ith only a 

small percentage (IQ'7 to 25*£) excreted as unchanged 

drug, 

Diethykafbamazjnc is used almost exclusively in dogs 
to prevent infection with />. immirh at an oral dose of 6 b 
mg/kg (Hawking, 1979; Knight. 1987; Kume, 1975; Kume 

el d. 4 1964, t%7; Wanue ct at,, 1969) It is also somewhat 
effective as an aid in the treatment of Tv.'c&CiWa ojni.r. 

Taxocora cati. and Toxascaris feaninn infections in dog** 

and eais ai a dose of 55 to lit) ing/kg (Vandtn Bo&xchc et 
al., IyK5J. For the prevention of heartsuim infections, 
didlivkarhatna/itie is administered Orally once j day at 6.6 
tng/kg during the mosquito season. Puppies may he started 
on the prevention program for heartworm at about two 
months of age. It is advisable to begin administration one 

month before the start of mosquito season and continue 

until luo months alter the end of mosquito season Tn 
warm climates, diethylcarbamazine should be given to dogs 
year round if no other means of heart worm control is 
available. 

Diethy karhama zinc citrate is marketed under several 
proprietary names < Carbarn, l : i lari bits* Nemacide) and in 
many phamiaccuilical forms (tablets, chew able tablets, and 
syrup). Dietiivkarixunajjnc is also available in combina¬ 
tion with futibcrvdazole as Filanbits Plus; see live section 

on combi nation products for more information. 

Wnming: Dogs with circulating heartworm microfilariae 

may develop fatal anaphylactoid reactions if treated with 

diethytcarbomuzinc (Atwell and Horcham, 1 983; Furrow cl 

al., (9KI); Hamilton ct al, I9K6: Palumbo ct al, s 1977; 

Powers et at* 1980k Dogs older than 6 months should be 
tested for microfilaremia before beginning diethylcarba- 
marine. AH those with circulating microfilariae should he 
freed of adult heart worms and microfilariae before starting 
the diethy I carbarn a?, ine prophylactic regimen. Ilie full ther¬ 
apeutic dose may cause irritation of the gastric mucosa: a 
light meal just before medication often reduces gastric 
irritation and emesis. There are anecdotal reports of sterility 

in male dogs but this effect has not been reproduced 
experimentally CUSP* 199H), 


Orijanophosphates: O/fftfffYPJ 

Dichlorvos is on organo^>hosphaie that it taken internally 
to kill parasites. It phosphorylates the acetylcholinesterase 




enzyme. Normal AchE eliminates acetylcholine 

when it is released at the post- synaptic junction. When 
AchE is inactivated* acetylcholine accumulates ul ilic post- 

synapfie junction, which results tn continued depolariza¬ 
tion. The end result is paralysis (Fesi and Schmidt. 1982: 
Hart and Lee, 1966: Lee ami Hodsden. 1963). The toxicity 
of organophosphaies is generally re lined to its ability to 

inactivate the AchE of the hosi, Such toxic ic> is best treated 

with praJidiAime (2-PAM] and atropine iWoodard, 

Dichlorvos is an organsphosphate that is effective 
against mans internal and external parasites. Dichlorvos is 
rapidly degraded in mummak. The acute oral LD., for 
rats i> 80 itig/kg. In dogs* the oral LD^ of uitformulated 
diehIon,os is 28 to 45 mg/kg. whereas the formulated 
(minuted) dichlorvos has lower toxicity with an oral ID*, 
of 387 to 1262 mg/kg. No untoward reactions were ob¬ 
served m pregnant mice, rats, rabbits, sows, mares, bitches, 
and queens medicmed with dichlorvos. Specially formu¬ 
la led dichlorvos h used as an anthelmintic for dogs and 
cats (Task, Task Tabsk 

Task is a slow-release formulation of dichlorvos in non- 
digestible resin pellets. which are packaged in gelatin cap¬ 
sules and foil packets. Task is administered lo dogs 
weighing more than 1 kg at 27 to 33 mg/kg This should 
he divided and administered tn two doses 8 to 24 hours 
apart for old and debilitated animals, [’ask Tabs are admin¬ 
istered to cals and to puppies older titan 10 days or 

weighing more than 0.5 kg at 01 mg/kg. Task and Task 
Tabs are indicated for the removal of adult Tox&cttra canis t 

Tbasocan cati (Task Tabs only). Taxascaris lemma. 4. 


can inn m* A. titbacformc, V 



and Trichuns 


vulpis iTa.sk only) (Halle et al,, 1966; Howes, 1972; Olsen 
et al., 1977). |i is interevlmg lo note that the tablet formula¬ 
tion is pot effective against Frichuri:x vulpis. Dichlorvos 
has no aciiv ity against the migrating larvae of these worms, 
For more effective removal of Tnthuris vulpis, the dog 

should be retreated in 10 to 14 days. En fact, it may be 

necessary to treat at intervals over a period of three months, 

due lo the pre patent period of Trie hurts vulpis. 

Warning: Dichlorvos can he toxic, it should not he used 
w iih tultcr chotmestera.se-inhibiting chemicals, taeniaerdes, 
ami ti lam Is. muscle relax am m phenothb/ine tranquilizer*. 

Of central nervous system tk-pressiinls Dichlorvos is con- 
Lraindicatcd for dogs and cats showing signs of severe 

constipation* mechanical blockage of the intestinal tract, 

liver disease, or circulatory failure. Dogs with D immitis 

infection should not be treated with dichlorvos. A small 
number of normal dogs may vomit after treatment but no 
other adverse reactions have been reported. Cuts are more 
susceptible lo dichlorvos toxicity. They may vomil, hyper- 
salivatc, appear apprehensive, and pass loose stools after 
medication. Atropine and pralidoxime (2-PAM) are ihc 

recommended antidotes for organophosphatc poisoning* 


Isoquinotones 

The isoquinolones are represented by two closely related 
cestocidev: praziquantel and epsiprantel TTiis class of ces- 
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loodc is die ^fest and most ellechve yet approved in 
the United Staler, They attack the parasite neuromuscular 

junction and the tegument. These drugs cause increased 

cell membrane permeahiIity to calcium and resulting loss 

of intracellular calcium "Dm effect produces an instants 

neons, contraction and paralysis of ihe parasite ! Andrews 
et al„ 198 $ t The second effort is a devastating vacuoli/a- 
titj-rt and destruction of the protective tegument iVanden 
Bossehc et al.. 1985). The combined effects of paralysis 
and tegmental destruction provide excellent activity against 
cestodes. 

Prttdquantd 

Praziquantel was the t r si isoquinojone ccstocide approved 
in the l niced States' it displays marked anthelmintic activ¬ 
ity against a wide range of adult and larval restocks and 
trcmatcKle* of the genus SchisroswM. Oral administration 
results in nearly complete absorption and rapid distribution 
thrcHighoul the body «uid across the blood brain harrier 
High (issue eoneenirjiions may he found in the liver and 
kidneys tUSP, 1998). The half-life in dogs is 3 hours, The 
majority (80%) off the drug is eliminated through the kid¬ 
neys and the remainder through lie liver and bile. 

Praziquantel is a very safe anthelmintic. Rats tolerated 

daily administration of up to KM.) mgAg for 4 weeks, and 

dogs tolerated up to 18U mg- kg per day for 13 weeks. 
Vomiting i» typically observed at high dosage rates In¬ 
jected doses of 200 mg/kg were lethal in cats Praziquantel 
did not induce embryoioxiciiy, (eratogenesis, mutagenesis, 
or carcinogenesis, nor did it affect the reproductive perfor¬ 
mance 1 of test animals. Occasional adverse experiences in 
clinical use include anorexia diarrhea, salivation, vomiting, 
and weak new. Overdoses have been reported to cause 
diarrhea, depression, incoordination* tremors, salivation, 

SiCKi m uncling.. 

Praziquantel iDronrit) is administered orally or injected 
subcutaneously at 2 5 to 7,5 mg/kg for the removal of 

Dipyiittium amimtm. Taenia laeniaeformis. Tamm pi si 
formic Taenia Hydatigerm. Me soce strides coni Eehinococ 
ru\ granvfaws and fi<hmocfn< ns mwlriUxufiiris (Andersen 
er al.. 1^78, 1979; Cemmell et .il, t 1977, 1480; Knicken- 
berg et al., 1983; Thakur et al . J97B; Thotnas and Gwmcrt, 

1979). Praziquantel is not intended for use in puppies or 
kittens; less- than I weeks old, Several combi nation products 
contain praziquantel; see the section m combination prod 
ucis for moit in formation 

Kpsiprantel 

Epsiprantcl tCentex • was the second isoquinoiune ccstocide 
to be approved in the United Slated. Unlike its cousin 

praziquantel epsiprsmtef is poorly absorbed after oral ad¬ 
ministration. Less than 0,1'St is recovered from the urine; 

there are mi known metabolites (Plumb. 1999 1 . Because ni 

the low bioavailability, systemic toxicity is very unlikely. 
In acute (oxiciiy studies in mice and ruts the tura) minimum 
lethal dose of cpsipramel u .r, shown to be more titan 5000 
mg/kg. Dows m high as 100 mg/kg and 200 mg/kg in 
cals ami dogs were well tolerated. Epsipranld wus given 
concurrent I s with d let hy! e arhumazi ne, ant i -1 n f3 ammatory 
drugs, insecticides, mxl other amhdmintic drugs with no 


incompatibilities observed. The safety of use of epsiipianiel 
in pregnant dogs and cals has not been determined* and it 
should not be used in puppies and kittens less than 7 

weeks old. 

Epsiprantel at an oral dosage level of 2.75 mg/kg toe 

cals or 5 5 mg/kg for dogs, as a single oral film-coaled 
tablet, effectively removes Dipyhdiunt caninurm Taenia 
tarnitiefamis, Taenia pisiform is, and Taenia hydarigena 

(Corwin el al., 1989; Manger and Brewer, 1989k 


Arsenical* 

Heavy metals like arsenic and antimony are well repre¬ 
sented in ihc history of tmibdminUc*. Today they have 
beers largely replaced by safer and more effective drugs for 
■die most common paraxites. Their use is now Limited to 
removal of adult £>. immitis. The therapeutic effect is 
dependent upon a reaction between the arsenic salt and 
s u I Hi yd ry i - coma i n > ng e nzy me s» (H ard ma n rial, 1996; 
I cad bet ter, 1984). Inactivation of parasite enzyme systems 
then results in death. Arsenic Is widely known m a toxin 
in nutn and animal, therefore due caution is required when 
using these products. 


TMiciiarsamjiit 


Thioceiarsanude (arsenamide sodiumJ is an organic arseni¬ 
cal that is available as a sterile one % buffered injectable 
solution (Caparsolate). It is administered intravenously fo: 
the treatment of adult D, immiiis infection in dogs (Court¬ 
ney ei al.„ 1986; Otto and Mireru 1947). After itttravenous 
administration, it is widely distributed in the body .and, 
concentrates in the liver and kidneys. The dreg ia metabo¬ 
lized m4 excreted in the bile and also in (he urine After 
48 hours, 85% oi the drug ls excreted, mostly in the feces 
(66%). The elimination half-life is about 43 minutes and 

the clearance is approximately 200 mL/kg per hour 


(Plumb. 1999). 

Due to the extensive metabolism and inherent toxicity 
of the drag. it should not be used* or used with extreme 
camion in animals with impaired hepatic, renal, or cardio¬ 
pulmonary function Similarly patients with diabetes melli- 
tus. hypoadrenocorticism, or gastrointestinal disease should 
be watched closely while receiving thiacctarsamide therapy 
{Plumb. 1999k 


Thiacetar&amide has no activity against heartwnrm mi¬ 
crofilaria. The reported efficacy against adult heart worms 
has been reported to be 60% to 85%, The early fifth 
stage larvae and 2-year-old adult heart worms are the mmt 

susceptible to thiacctursamide (Blair et aL, 1983k Adoles¬ 
cent female worms are Jess susceptible than males. It Is 
now clear that a refractory heartworm infection, an appar 

ent drug failure, indicates 'the: presence of maturing worms. 
Repeated thiaceuramide therapy at intervals of a few 

months should eventually lead to complete elimination of 

the worms. Before treatment is initiated, a thorough health 
evaluation, including procedures required to assess liver, 
kidney, cardiovascular, and pulmonary function is recom¬ 
mended. The principal target organ for th (occurs amide 
toxicity is the liver (Holmes et al.. 1986; Winograd et 
al., 1992) Severe local reactions can also occur if the 
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thlacetarsamide is injected extravascularly. including swell¬ 
ing anti sloughing of the skin. The treated dog should 
have restricted activity to reduce the danger of massive 

pulmonary emboli from dying adult hoartwormv The usual 
dose is 2.2 mg/kg twice a day lor 2 days; higher doses 
have been reported hut they appear to oiler little increase 

m efficacy hut sign die ant increased risk of toxicity. 


or capsule form at 220 mg/kg after an overnight fut 
The tapeworms are killed, digested, and eliminated in an 

unrecognizable form. It is most commonly formulated with 
toluene in over-ihe-countcr preparations; see the section on 
combination products for more information. An occasional 
animal may vomit or develop diarrhea after treatment w ith 

dtchlorophen. 


Mclntsominc 


A’(lut> I Chloride 


Melarsomine dihydrochloridc (lmmidcide) is a trivalent 

arsenical with 92 f : r to 9K f r efficacy against adult D immitis 

{Dzimianski ct al., 1992; Keister ci al., 1992; Rawlings ct 
at., 1993; Vezzoni et ah. 1992). The arsenic content of the 

product is less than lhat of ihucestarsamide and is appar¬ 
ently less toxic to the patient The product is administered 
intramuscularly at a Jose of 2.5 mg/kg tor two injections 
given 24 hours apart. Injections should only be made deep 

into the lumbar epaxial muscles along L3 to L5. Dogs that 
haw significant illness from heart worm* may be treated 
with an alternative regimen of a single inject ion followed 
by a rest period of I to 2 months, ihcn given ihc standard 
two injections. This regimen ls apparently less hazardous 

for ihc patient and results in higher percentage kill of the 

worms. Peak blood levels arc achieved in 10,7 minutes 

after injection and the elimination half-life is 3 hours (USP, 
1998), The toxic dose is 2,5 to 3 times ihc recommended 

dose and can resuh in panting, pulnvonary inflammation, 

salivation, vomiting, edema, and death. Safety has not 

been determined m breeding, pregnant, or lartahng dogs 
Clinical studies and Kale that the treatment is well tolerated 
even in dogs that have clinical signs of heart worm disease 
(Vezzoni et al., 1992)- Adverse reactions in dogs include 
pain and swelling at the injection site, coughing, gagging, 
depression, lethargy, anorexia, fever, pulmonary conges¬ 
tion, and vomiting although they apparently occur in very 

low frequency and are self-limiting. 


Miscellaneous Anthelmintics 

The miscellaneous anthelmintics include a mixture of many 

different classes of drug, most are oilier chemicals (hat 

have not completely outlived their usefulness. Some have 

unique attributes that keep them in use and commercially 
available. 


Dithlumphen 


Dichloruphcii I Happy Jack Tapeworm Tablets) is a chlori¬ 
nated analogue of diphenyl methane. It has low toxicity lor 

mammals. The oral LD V > For rats is 2b90 mg/kg. and the 
acute ora! LD^ in dogs is 1000 nig/kg. Dichi orophen 
has bacteriostatic, Fungicidal, and ocsiocidal properties. It 
uncouples electron Iran spoil-1 inked phosphory Union in ihe 
parasite mitochondria; u is relatively safe in the host be¬ 
cause of low gastrointestinal absorption (Lovell el a),, 
1990; Vandeo Bossche cl &U 1985), 


Dichlorophen may be used cither alone or in combina¬ 
tion w ith other anthelmintic drugs for the removal of Taf- 
n ui and Dipytidivm tapew onus from dogs and cats ( Rober¬ 
son. I98K| The drug may he administered orally in tablet 


Normal butyl chloride is commonly found in over-ihe- 

counter products I Happy Jack Worm Capsules, Sergeant's 
Sure Shot Capsules), It is administered orally to dogs and 
cats after an IK- to 24-hour fast at approximalely 0.22 to 
0.44 ml. per kg of body weight up to a maximum of 5 ml, 
(4.42 g) for the removal of Toxocant tvirnv Tim vara cati, 
and Toxascafis leonina, and as an aid (about 60 f 4 effective) 

in the control of A- tan i/mm. A. hiazitirn st. and U. xfetut- 

cephala. The administration of A r -butyl chloride should be 
followed in about 1 hour with a cathartic to maximize its 
anthelmintic effect. Dogs ansi cats can be fed their regular 
feed within 4 to 8 hours after treatment Treatment may be 
repealed in 7 to 14 days. An occasional animal may vomit 

bui n« other untoward side effects have been reported 

(Courtney and Roberson, 1995k 



Toluene (methylbenzene) is a hydrocarbon derived from 

coal tar and is often used as an industrial solvent. It is 
surprisingly sate for mammals; the oral I D.,, tor rat*, is 7 5 

mlAg, Toluene is most commonly available ill combina¬ 
tion with dichlorophen in over-thencoumei anthelmintics 
sold in grocery stores and pet shops. 

Toluene orally at 0.22 mlAg in dogs and cats is 98*4 
effective tor the removal of Toxocara amis t Toxoiara tali, 

Toxascaris leonina. and effective against A caninurrt, 

and A. brazil tense (Courtney and Roberson. 1995). The 
mechanism of action is postulated io he due either to 
irritant or to depressant effects on the neural cells of the 
nematode (Lovell et al. 1990), Lusting is suggested for 12 
hours before ami 4 hours after medication. 


BROAD-SPECTRUM COMBINATIONS 


The men nary practitioner is always looking for anthelmin¬ 
tic products ihat cover ever increasing spectra of parasites, 
Broad-spectrum products have two important advantages, 
First they obviate dosing with several different products at 
once when a patient has a mixed parasite infection; this 

makes administration easier. Second it provides peace of 
mind lhat a parasitized animal will he cleared of parasites 
that may have escaped detection. For instance a puppy 
from Ihe animal shelter will he better serv ed with a product 
that is effective in removing both roundworms and hook¬ 
worm. than with a product that is only effective against 



■jp n 


There are two ways io get broad-spectrum products, 
either discover a single chemical that is broad spectrum 
(not an easy task! esc combine several compatible active 
ingredients to build the spectrum of activity that is desired. 



A Thcr^pruCicft Appnui'h 



In this section the combination products are discussed 
In MJtiv Cities ilte formulation niay have changed. and the 

dosing regimen is different than the single entity drags 

discussed above. The toxicity and mechanism of action arc 
also discussed above. 


paste. It is administered to dogs and cats over 6 months of 
age urall) or in the food daily for 3 consecutive days at a 
dose level of 10 mg of febaniel and I mg of praziquantel 
per kilogram of both weight. For puppies and kittens, die 
Jabd recommends giving 1.5 times the adult dosage. 


Dichtorophan Pirn Toluene 

A number of small animal proprietary anthelmintic prod 

ucts {Tri vermicide Worm Caps, Vermiplexi contain dichlor- 

opfccn as the cestocidal ingredient and toluene * mrthylben- 
zenel as the antinemutodal ingredient. Bi>th drags ha\e low 
mammalian toxicity. 

The dichloropbcn and toluene mixture is administered 

orally in soft capsules to dogs and cats, preferably after a 

12 hour fast, at 221) mg dichJorophcn and 264 mg <0.22 

itiL »toluene per kilogram of body weight for the removal 
of mm.r, 7h utscarix lamina 4. emmam ( net- 

tut tin sirttwephatti, Taenia pisifontth. and can- 

mm. The dichloraphenToluene mixture is relatively inef¬ 
fective against EckinottMxux granttltutts i Lovell et al. t 
I 990 |. 

Wanting: Toluene is a relatively safe drug but overdos* 
age produces ataxia, aberrant behavior, mydriasis. vom* 

iting. depression* muscle tremors, and hypersa Ovation, 

Treatment should consist of general supportive care, includ¬ 
ing intravenous fluids, oxygen, administration of activated 

cliarvoul, and monitoring for posable rena,] or liepulic dam¬ 
age (Lovell cl iiL 1990), Treatment with digestible oils, 
alcohol, and adrenaline should be avoided. 



Mali bits Plus chcwablc tablets arc formulated to deliver 
6.6 mg diclhylcarhamazinc and 5 nig cxibcndaZole per 
kilogram of body weight. The medication is administered 
once a day for the prevent ion of infections with IX immms. 

and A. catwutm, and for the removal and control of Taxu- 


rata carti.\ and Trichttns vulpls. Fi lari bits Plus administra¬ 
tion has been occasionally associated with hepatic dysfunc¬ 
tion and several fatalities. Clinical .signs reported as 
accompanying hepatic dysfunction include anorexia, vom* 
sting, lethargy, jaundice, weight loss, polydipsia, polyuria, 
ataxia, and dark urine (Vadcn et al., 19H&), Exhaustive 

toxicologic evaluation by the manufacturer demtinstrated 
that diethykarbama/ine and oxibcmlazole given individu¬ 
ally each showed wide margins of safety. Dogs given a 
single dose of Filarihits Plus m 640 times the recommended 
dose level survived without any sequelae. Dogs given the 
times the recommended dose level daily for 2 years suf 

fered no ill effects and at necropsy showed no drag related 
histopolhnlogy (Simpson, 1986), Dickinson and Thornburg 
(J9KH) reported that analysis of a number of cases with 
hepatotoxic symptoms led them to the conclusion that 
Fitoribiu Plus iv not an intrinsic hepatotoxin because the 
incidence of such reactions is low. 


Febaniel Plus Praziquantel 

Fcbantc I-praziquantel paste fRM Parasiticide-10) contains 
34 mg of febumel and 3.4 mg of praziquantel per gram of 


l>rjgs and Poppies Administration of febantet-pra/i- 
quaniel paste is used to remove A, caninum, IL Mtcnoccph- 
nU i. Trit iturix vutpis. Ttixttcara cants. Taxaxoiris Jminn, 
Dipxlidium caninum, and Taenia pisiformis | Andersen et 

al,. 1985; Greiner et al., 1992: Sharp and McCurdy, 1985), 

Cats nod! Kittens Febaniel-praziquantel paste is effec¬ 
tive in removing A. tukaeformc Taxoraru rati, Dipylidium 
can rniirn, and Iw'mti taeniatfarmis (Corwin el al-, 19841, 
It is suggested dial febaniel-praziquantel paste not be given 
to pregnant bitches and queens. 



A three*way combination of febaniel, praziquantel, and 
pyrantel ([frontal Plus) is widely used outside the United 
States and is now approved by the FDA- This product is 
formulated to deliver at .least 25 mg febaniel. 5 mg prazi 
quantel, and 5 mg pyrantel pamoate per kilogram A single 
dose is given to dogs to remove Dipyiutium ammum. 

Tat -rim pisifnrmi v. §>. . hinmoccus granulosus, Echirtftcocrus 
multilocutaris, A. caninum. V. stcnoccphala. Tnxocara 
cams. Taxascaris Ictmina, and Tncfwris vulph {Bowman 

and Arthur* 1993, Cmthers ci al-, 1993 y It is interesting to 

note that this, combination Lx effective against the nema¬ 
todes when given in single dose while febantcl alone rc 

quires three dally doses to be effective in monogastric 
animals. This combination should not be used in pregnant 
dogs, dogs under 2 pounds in body weight or puppies less 

than 3 weeks of age. 


Pyrantel Pfm Praziquantel 

A two-way combination table! containing pyrantel and 
praziquantel f Drama J) is now approved for use in die 

United Stales. This product is formulated to deliver .a 

minimum dose of 20 iire/kg pyrantel pamoate and 5 
mg/kg of praziquantel- A single dose is given to cats and 
kittens to remove Dipylidium caninum. Taenia tarmac- 
formis. Am yfastoma tubaeforme, and ftuncara am. The 

product is effective and well tolerated. Cats main¬ 
tained in conditions of heavy or constant parasite exposure 

should 'be rc-evaluated in 2 lo 4 weeks,. 


Ivermectin Pius Pyrantel Pamoate 

Ivermectin is available in combination with pyrantel pa- 

moatc in a beef-based chewiWe product f Heart gard Plus). 
The product is formulated to deliver a target dose of 0.006 
mg ivermectin and 5 mg pyrantel pamoate per kilogram ol 

body weight. The product is given orally to dogs every 30 
days to prevent D. immitis and for the treatment and control 

of Tarot tirti cams, Tbsascttrijt ironina. A. ammum, and U 
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stenocephahi (Clark et al. H 1992a), The product ■ 



K- 


given m monthly intervals during the heaitworm season 


Recent sludits hive shown ihat adult heart worms are not 
aide to maintain detectable Levels ot microti lariat when 


exposed to ivermectin, so an antigen test shun 3d be used to 
reveal the presence of adult henrtworms (Bowman et tl T| 

1992). Safely tests have revealed that the ivermectin, py¬ 
rantel combination is well tolerated (Clark ct al., 1992b). 
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inflammation tan occur in any vascularized tissue in ihe 
body. I lie sequelae of inflammation are manifested as five 

cardinal signs: redness, teat, swelling ot edema, pain, and 
loss of function. Vasoconstriction of small vessels in the 
area of injurs is the initial vascular response to damage. 
Vascular occlusion serves to control hemorrhage. Within 5 

to |l) minutes* however, vasodilation and increased vascu¬ 
lar permeability of small venules occur Leukocytes, plate¬ 
lets, and erythrocytes in the injured vessels become 
**nicky and adhere lo the endothelium. Leakage of cells 
and ptema-detived protein-rich fluid is followed by plate- 

lei aggregation and fibrin formation. 

Initially, the predominant cell type infiltrating damaged 

tissues is the polymorphotiuctear leukocyte (PMN,i. in pail 
because it predominates in circulation. As the short-lived 
PM Ns die, macrophages become the predominant cell type 
The migration and concentration of PMNs to I be she of 
injury is facilitated by chemical mediators that act as che- 
motactic agents, As PMNs die, the contents of the lysed 
cells ^cumulate lo form the component of inflauiinaiory 

exudate commonly referred to as pan. 












The mediators released during the inflammatory process 
(Fig, 16-1) perpetuate the inflammatory response and are 


responsible for the clinical signs associated with inflamma¬ 
tion. including pain and fever lVane and Sotting. 1987). 
Mediators of inflammation (Tabic 16 l) are derived from 
both the cells and fluid that reach the site of tissue damage 
from blood* Although quantitative differences between spe¬ 
cies and tissue concentrations of the mediators vary, the 
effect on and role in the pathophysiology of inflammation 

that each mediator has are predominantly the same. 

Leukocytes are a rich source of a variety of chemical 

mediators of inflammation. These cells, as well as cells of 
either tissues that are injured and dying after either the 
initial damage or subsequent inflammation. perpetuate the 
inflammatory response. Mediators include lysosomal and 
other enzymes, granular mediators such us histamine and 
serotonin, eicnsannids or products of arachidonk acid (AA) 
metabolism 1 prostaglandins, leukotrkhev ami related com¬ 
pounds^, pl.iiekM--activating factor, oxygen rate ate ami cy¬ 
tokines. t he role each of these mediators has in the perpet- 
nation of the inflammatory response varies, depending in 

part on the phase of i nfl am motion during which The media¬ 
tor is released. 

Plasma-derived mediators are also important contribu- 
tors to the inflammatory process. Examples include kin ins 
(e.g., bradykiauil, released from their precursor form after 
appropriate physiologic or pathologic stimulation; comple¬ 
ment and complement-derived peptides, released alter acti 
vat ion of either the classic or alternative pathway; and 
hbrinopcptufcs, released during the conversion of fibiiru» 
gen to fibrin during the cloning process and subsequent 
proteolysis of fibrin by plasmid, 
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Acute inflammation can cause severe organ or life- 
threatening damage, Monocyies, which follow neutrophils 
to the site of inflammation several hours later, release 

collagenases urui elastases* softening local tissues. Interleu¬ 
kin release draws fibroblasts to the area, which, in turn. 

dcposii collagen at the site. The collagen is gradually 
remodeled and new blood vessels continue to form until 
oxygen tension is normal. If the cause of inflammation is 
removed, healing is complete. Failure to remove the incit¬ 
ing cause leads to persistent inflammation. 

Pharmacologic control of inti animal ion is oriented to¬ 
ward preventing the release of various chemical or plasma 

mediators, inhibiting their actions, and treating pathophysi¬ 
ologic responses to them. Drugs useful for modulating the 
activity of chemical mediators derived from cells, plasma, 
or both are summarized in Table 16-1, 


NONSTEROIDAL ANTI INFLAMMATORY DRUGS 

Chemistry 

Although nonsteroidal anti-inflammatory drugs (NSAlDs) 
have been variably defined, the name is used to describe 
compounds that are not steroidal and that suppress in¬ 
flammation (Table HW2). Generally, ihe classification is 
restricted to those drugs that inhibit one or more steps m 
the metabolism of AA i Boynton et at, 1988). The NSAlDs 
van in their ability to influence inflammation. The mecha¬ 


nism of action of some of these drugs is not limited to 

inhibition of A A metabolism (Hochberg, 1989), 

Aspirin, one of the earliest components of herbal ther¬ 
apy* is the progenitor MS AID* and terms such as aspirin- 
like and aspirin and whited dnigs are commonly used to 

refer to NSAlDs (Boynton et a).* 1988). Structurally, 
NSAlDs can he broadly classified as cither the salicylate 
or carboxylic acid derivatives including the indoles (indo- 
rneihacin). propionic acids (carprofen, tbuprofen, and na¬ 
proxen). fenamates (mefenamk acid)* oxicams (piroxicamk 
and pyrazolones or enolic adds {phenylbutazone and dipy- 
rone) (Boynton et ah* 1988), 

Mechanism of Action 

Eicosanoids, such as prostaglandins and leukolrienes, are 

20-eartx>n-chiiin derivatives of cell membranes, Eicosa- 
noids are potent mediators of mfl animal ion and are particu¬ 
larly important in the later stages (Robinson, 1989a). These 

compounds are synthesized when oxygen reacts with the 
poly unsaturated fatty acids of cell membrane phospholipids 

(Figs, 16-1 and 16-2). The most important of these fatty 
acids is AA. which is released into the cell from phospho¬ 
lipids of the damaged cell membranes, Release re Heels 
activation of phospholipase located in the cell membrane. 
Once inside ihc cell, AA series as a substrate tor en/> me* 

lhat generate intermediate and ultimately the final eictm- 

noid end product (sec Fig, 16-2) (Wcissmann, 1991; Rob- 
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TahJs 16-1. Mediators Important in tha Course of inflammation 
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insoii, 1989a). Cyclooxygenases (pro* Lag I an din synthase nr 

prostaglandin H fPGHJ synthase), located in ail cells except 

mature red blood cells, add oxygen to A A. generating 

unstable prostaglandin endoperoxides (PGG : ), Subsequent 

peroxidase reactions converts PGG ; to FGH,. the precursor 
of all prostaglandins and thromboxane * The final prosta¬ 
glandin end product depends on the presence of specific 
iso unerase reductase or synthetase enzymes (Rob in sum 

1989ab 

The role of prostaglandins lit normal physiology might 

best be understood by considering them as protective in 
nature Their formation is mediated by one of two tsoforms 
of cyclooxygenases (sec Figure 16-2} located on different 
genes in people I Griswold and Adams, 19%: Williams, 
1996; Crawford, 1997). Cyclooxygenase I (COX 1), the 
“housekeeping* isoform (Crawford. 1997), mediates the 
formation of constitutive prostaglandins produced by many 
tissues, including gastrointestinal cells, platelets. endothdi- 

als cells, and renal cells. Prostaglandins generated from 
COXl are constantly present,, providing homeostasis 
through a variety of normal physiologic effects. These 
include protection of the gastrointestinal mucosa, hemo- 
statsis. and the kidney when subjected to hypotensive in¬ 
sults. Cydooxgenase 2 (COX2) is the product of an “Im¬ 
mediate-early” gene that is rapidly inducible and tightly 
regulated (Crawford, 1997), Its expression is tightly re¬ 
stricted under basal conditions, but It is dramatically up- 
regulated in the presence of inflammation. Proinfianimators 
cytokines such as tumor necrosis factor (TNF) and the 
interleukins stimulate the expression of COX2 in many cell 
types, such as synovial cells, endothelial chondro¬ 


cytes, osteoblasts, and monocytes and macrophages. (Craw¬ 
ford, 1997). Cyclooxygenase 2 thus catalyze* the formation 

of inducible prostaglandins, which are needed only inter¬ 
mittently (Griswold and Adams. 199b; Williams. 1996; 
Cushman, 1996; Donnelly and Hawkey, 1997}, Although the 
clinical relevance of the two forms of cyclooxygenase has 

yet to be elucidated, differential or selective inhibition of 
COX2 clearly offers potential benefits regarding safety by 
avoiding loss of homeostatic prostaglandins [Crawford, 

1997b It is important to note that COX2 is constitutively 

expressed in the kidney and brain and mediates a cytoprotec- 
tive effect in damaged or inflamed gastrointestinal mucosa- 
inflammation is mediated or perpetuated by prostaglan¬ 
dins by inducing vasodilation, changes in capillary perme¬ 
ability, and chemotaxis, all of which can be caused by 
inflammatory prostaglandins. Prostaglandin E is the pre¬ 
dominant prostaglandin mediator of inflammation. Prosta¬ 
glandins also potentiate the effects of other chemical medi¬ 
ators of inflammation, such as histamine and hradykinm. 
and are capable of inducing a state of hyperalgesia. Al¬ 
though specific points remain controversial, the role of 

prostaglandins hi the inflammatory process have been de¬ 
scribed (Robinson, 1939ab Prostaglandin E (POE) also 

modifies both T-cell arid B cell function, im pari by inhibi¬ 
tion. of interleukin-2 (IL-2) secretion (Robinson, 1989ab 
Although all tissues have the capacity to produce cyclooxy¬ 
genase end products, the c once rural ion varies with the type 

and an to u n t. o f the individual i som e ra sc (R ob iitsou, 1 989a b 
Nonsteroidal ami-inflammatory drugs ati to block the 
first step of prostaglandin synthesis by binding to and 
inhibiting cyclooxygenase (Robinson, 1989a) (see Fig, 16- 
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2). Tfits uction is both dose and drug dependent. The 
precise Mtc lii which cyclooxygenase is inhibiied is tuvt 
known The planar form Lha) chaiactcnzcs these drugs :s 
thought to faciliiaic their binding tn cydouKygcnasc (Boyn¬ 
ton el al . 19^8 Higgins, 1085). Several invcsligatoo have 
shown that some drugs fe.g., phenylbutazone and flunixin 
meglumine) als*> reduce formation of PGB : in inflammatory 


exudate at therapeutic doses (Lees et aJ„ 1986). The major 
therapeutic and loxic effects of ^SAlDs have been corre¬ 
lated extensively with their ability to inhibit prostaglandin 

synthesis (Robinson. 1989a) Their potency as anti in¬ 
flammatory agents relates to their relative potency of uthi* 
birion of prostaglandin synthesis (Robinson, I989 h). 

The differential effect of NSAIDs on the isoforms of 
cyclooxygenase offers some in sight into the differeniiaJ 
pharmacologic and toxic effects of NSAIDs* parliculaHy in 

the g astro minimal tract (Laudanno and Cesolah, 1998). 

As a class, NSAIDs appear to inhibit both C0X1 and 
COX 2 Fite amount of drug necessary to inhibit each of 
the two isoforms, however, provides a basis for assessing 
the relative safety and efficacy of each -drug. A number of 
in vitro studies have investigated the differential effect of 
NSAIDs ori the two isofortns. The ratio of COX l to COX2 


describes the amount of drug necessary to inhibit the re¬ 
spective iso form ol the cyclooxygenase enzyme, A drug 


that inhibits COX2 at a lower concentration than the con* 
centration necessary to inhibit COX I is probably safer 
because COX2 pmxuglandins (inducible) are more likely 
than COX 1 (constitutive) prostaglandins to be inhibited at 
concentration* studied However, there is the problem of 


selectivity" for "relative selectivity"): inhibition of'both 
COX 2 and COX l may occur at concentrations achieved 
therapeutically, A COXl to COX2 ratio greater than 1 (or 

a COX2:COXl ratio of less than 1) h desirable (Griswold 
and Adams. 1996. Williams, 199b; Cushman 1996; Don¬ 


nelly and Hawkey, 1997), Caution is recommended when 
applying the resulta of studies focusing on NSAID seleciiv- 
ily lo clinical patients. Concentration differences between 
in '■ itro studies and those achieved therapeutically may 
eradicate selectivity. Species differences are just as im¬ 
portant. For example, in studies using human cells, the 
COXl COX2 ratio of etodolac is much more favorable 
than that for carprofen iKawal et al. 1998; Warren ct ai„ 

1999), an observation that is supported clinically in humans 
using the dmgv 

RicketLs and coworkers (1998) have studied the «eleetiv- 


ities of various NSAIDs toward COXl and C0X2 using 
canine platelets and endotoxin-stimulated macrophage-like 

cells. The COX 1 :COX2 ratios for the NSAIDs studied 
were Aspirin, less than 0.243; carp nofen, 129 for the race- 
mic mixture. I SI for the S isomer, and more than 4,19 for 


the ft isomer; etodolac, fl 517; flunixin meglumine, 0,635; 
ketoprofen, 0 232; meclofenamic acid. 15.4:; meloxicam. 
2,90; nimesuUdc. 38; phenylbutazone, more than 2.64; and 
tolfenamic acid, 1 3 . 0 . Species differences exist m relative 

sensitivity of COXl versus COX2 among the NSAIDs 

(Rkkcnset al., 1998), and die relative safety of an NS AID 

for one species should nos be interpreted as safety for 

others. Clinical response to these drugs should guide the 
relevancy of COX l :CGX2 ratios, 

1 ipoxygenase enzymes located within edU can also 
metabolize A A to inflammatory mediators (Hoehberg. 
1989; Ncwcombc, 1988). Among these? enzymes. 5-lipoxy¬ 
genase appears to be 1 the most important (Robinson, 1989a). 
This enzyme adds oxygen to A A to form 5-hydroperoxy- 
eicosatctreenoic acid tHPETt). Leukoiriene <LT) C4, 
LTD4, and LTE4 result from addition of glutathione on 
LTA4 by glutathione S transferase. Each of these is a 
potent mediator of inflammation, in addition, I T A4 can 
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precutanrs, arc potent inflaniiaagen& in a number of tissues Platelet-activating factor also is a potent taflummagcn, although some of its actions mjj he 

mediated Itmmgh Icukutncnc activity 


also he convened tn LTB4 t a potent chemohHtic agent 
(Robinson, 1989a), Lcukotrieoes and other selected lipoxy¬ 
genase products modulate lymphocyte function tRob¬ 
inson, 19H9:i), 

Lipoxygenases arc not as ubiquitous as prostaglandins 
and arc found predominantly in lungs, white blood cells, 
platelets, and the liver. Although their formation is re¬ 
stricted primarily to leukocytes, leukotnenes. and lipoxms, 
which arc the end products of lipEjvygena.se activ ity, they 
are also potent mediators of local inIIanimation (Hochberg, 

1989). Originally, studies indicated that NSAlDs were not 

capable of inhibiting leukotrienc synthesis. A potential 

sequelae of cyclooxygenase blockade by NSAlDs is in¬ 
creased production of Icukotriencs from A A (hat would 
have otherwise been metabolized to prostaglandin products 
(Robinson, 1989a), Aspirin hypersensitivity is associated 

with the diversion of A A from the prostaglandin to the 

leukotrienc (5-lipoxygenase l pathway and the production 

of mediators that are more inflammatory than the products 
of PGH synthetase (Wcissmann, 1991). Thus, NSAlDs 
may cause undesirable, unexpected effects by augmenting 
leukotrienc synthesis {Robinson, 1989a). The anti-inflam¬ 
matory efficacy of some of the NSAlDs (c,g.. ketopmfen) 
(Oaftonchio ct al.. 19%) has also been ascribed to inhibi¬ 
tion of lipoxygenases and thus prevention of leukolriene 

formation iBoynton et af, 1988), although their ability to 
inhibit 59 i poxygenase is controversial (Robinson, 1989a). 


Inhibition of cyclooxygenase as live sole anti-inflamma¬ 
tory mechanism of action of NSAlDs has been scrutinized 
and criticized. The NSAlDs also appear to alter cellular and 
humoral immune responses and may suppress inflammatory 
mediators other than prostaglandins (Hochberg. 1989). 
Connective tissue metabolism may also be affected 
(Hochberg, 19H9). As a group, all NSAlDs are planar and 
anionic and are able to partition into lipid environments, 
including neutrophil cel! membranes. As a result, cell 
membrane viscosity is altered, even al low concentrations 
(Wcissmann, 1991). At higher concentrations, NSAlDs ap¬ 
pear to uncouple protein protein interactions within the 
plasma membrane am! thus interfere with a variety of cell 
membrane processes such as oxidative phosphory lation and 

cellular adhesion I Weis^mann, 1991). The drugs appear to 

disrupt the response of iiifluriiiiiafofy ceils to extracellular 

signals by affecting signal transduction proteins (G pro¬ 
teins) (Wcissmann, (991 X Thus, at low doses, PGH syn¬ 
thase appears to be the target of NSAlDs. whereas mem¬ 
brane-hound signal processing complexes appear to he the 
target at higher doses (Weissnoann, 1991). 

Studies using in vitro systems have shown lhal NSAlDs 

alter the inflammatory response by inhibiting activation of 
neutrophils ami thus the subsequent release of inflamma¬ 
tory cellular enzymes sueh as collage nasc, el as Lise, hyal- 
uronidase, and others (Hochberg, 1989) Nonsteroidal anti- 
in 11 a mmatories interfere with multiple a specie of neutrophil 
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function, including adherence. Some NSAIDs inhibit xev ■ 

ml neutrophil functions, whereas others inhibit few. The 
extern nf inhibited neutrophil actuation varies with the 
individual drag- For example, pirexicam inhibits both the 
generation of superoxide ions ami the release of lyKmnmdl 
enzymes, whereas ihupmfen does neither ■ Wcissmann. 
1991), All NSAIDs appear to inhibit neuiropbil adhedon. 
Several NSAIDs. however, including phenylbutazone, oxy- 
phenyIbuuwone, and fluntxin, inhibit leukocyte cell move¬ 
ment. Of these drugs, flunkm is the most potent inhibitor 
m vitro at concentrations achieved in equine plasma and 
inflammatory exudate (Dawson and Sedgwick. (987), 

Nonsteroidal anlMnflaitunaiory drugs are also capable 

lit immunomndulation Several proHtogbndmt and Icukn- 
tricnes arc import am immunomodulatois (Robinson, 
198%). Nonsteroidal anti-inflammatory cells indirectly in¬ 
fluence lymphocyte activity through altered prostaglandin 
formation (Hochbcrg, 1989).. Selected NSAIDs appear to 
enhance cellular immunity by inhibiting POE, a mediator 
that dampens the immune response (Hochberg. 1989.1. This 
effect appears to he more important in the immwKwup- 
pressed animal. 

NSAIDs are currently being investigated for their poten¬ 
tial antitumor effect. Knapp and coworkers (1994 n found 
piroxicam to be clinically useful in the reduction of tumor 
size and longer survival time in dogs with transiiimu] cell 
tumors of the urinary bladder The result does not appear 
to reflect direct cytotoxic effects (Knapp et al. 1992, 1994. 

I995|. NSAIDs may be beneficial when comhined with 
other anticuncer drugs {Braun el al., 1987). 

Finally, central analgesic effecls have also been sug¬ 
gested lot some but not all NSAIDs because NSAIDs can 

provide analgesia at very low intrathecal doses (Laird cl 

al. 1997: Cadi man. 1996; Donnelly and Hawkey. 1997). 


Effects on Articular Cartilage 

Nonsteroidal anti inflammatory drugs have been shown to 
inhibit proteoglycan synthesis in vitro, and for the salicy¬ 
lates this is supported by in vivo studies (Brandt, 1991). 
This effect has been attributed lo inhibition of UDP-glueuse 
iJchydrogenasc, an enzyme important in proteoglycan syn¬ 
thesis (Brandt 1991). Hyaluronic acid synthesis, however, 

which also depends on this enzyme, does not appear to 
be as affected. Fbe effects of NSAIDs on cartilage are 
controversial. More recent evidence indicales that some 
may. in fact favorably modify the metabolism of proteo¬ 
glycans. collagen, and matrix and may decrease the retease 

of proleases or Ionic oxygen metabolites (Brandt, 1991), 
Several NSAIDs have documented adverse effects on nor¬ 
mal cartilage, ranging from decreased proteoglycan synthe¬ 
sis (e.g., aspirin) to chondrocyte death (phenylbutazone). 

Other drugs .e.g.. naproxen, piroxicam, ketoprofen, and 
possibly carprofen) are recognized for their chondroprotec- 
tive effects: they not only do not contribute To the degenera¬ 
tive ptoeexs but they also appear to protect the joint from 
some of the degenerative processes The effect of many 
NSAIDs |e g., meclofenamiv acid, Hunixin meglumine) on 
cartilage apparently have not been determined. 


The NSAIDs shore a number of pharmacokinetic proper¬ 
ties. As weak acids, the NSAIDs lend to be well absorbed 
after oral administration. Binavoilability can vary between 
animals but has not been established for many drugs be¬ 
cause of the lack of intravenous (IV) preparations (Braier, 
19881, Food can impair The oral absorption of some 
NSAIDs or contribute to drug interactions (Tobin et aL, 
1986; Munsiff et ai„ 1988), Solutions of selected injectable 
preparations lend lo be alkaline and can cause necrosis or 
pain sf perivascular leakage occurs, The drugs are lipid 
soluble but are characterized by a small volume of distribu¬ 
tion (approximating 10%) due to binding to serum albumin 
that can exceed 90% (Galbraith and McKclLir, 1996)., Un¬ 
bound drug is distributed to extracellular fluid. Only a 

small portion of pharmacologically active drug reaches 
peripheral Tissues. Displacement from albumin due to com¬ 
petition w ith other substrates for binding sites or due to 
decreased serum albumin concentrations initially can result 
in higher than expected concentrations of pharmacologi¬ 
cally active drug and ihu* predispose the pattern to drug - 
induced adverse effects. Although this increase is transient 

due to increased clearance of unbound drug (Braier, 1988k 

it nonetheless cot result m life-threatening side effects 
before clearance changes compensate for increased drug 
concentrations. 

Clearance of the NSAIDs is variable, differing in rate 
and cxumt among drugs and species, Differences in clear¬ 
ance rates ore largely responsible for differences in drug 
half-life among animals i Bra ter, 1988). Most are eliminated 
primarily by hepatic metabolism. Berth phase I and phase 

11 hepatic drug-metabolizing enzymes arc important to 

elimmahon. Conjugated metabolites are predominantly 

eliminated through the urine, although several drugs un¬ 
dergo extensive enierohepatte circulation in some species 

(e.g., naproxen md mecJofemimic acid in dogs) (Aitken 

and Sanford, 1975), For some drugs, a portion may be 

eliminated unchanged in the kidneys by active tubular 

secretion Age and species differences in drug clearance 
should lead to caution when extrapolating doses from one 
animal to another. Although move pharmacokinetic studies 
measure loud rather than unbound drug, clearance of un¬ 
bound drug is substantially less in geriatric patients, 
whereas clearance of bound drug does not differ The 

volume of distribution of unbound drug in adult animals is 

half that in pediatric patients. Because of these differences 
in NSA1D disposition, geriatric and pediatric patients may 
require much smaller doses of the NSAIDS (Brater, 1988), 
Species differences in the elimination of the NSAIDs have 
been well documented and are responsible for some of the 

adverse reactions commonly associated with the use of 

these drugs. Stereoselective metabolism has also become 
an additional important consideration when extrapolating 
doses in human beings f Bra ter 1988 k and may become 

relevant when considering disposition in animals (see pre¬ 
vious discussion of COX2-selective drugs) 



The pharmacologic effects of this class of drugs include 
analgesia, antipy resit, and control of inflammation. The 
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mechanisms by which NSAlDs inhibit (interact with) 
cyclooxygenase arc responsible, in part, Tor the variable 

anti-inflammatory effects that characterize these drugs As¬ 
pirin binds reversibly to the cyclooxygenase activity site 

on PGH synthase and then inactivates the enzyme irrevers¬ 
ibly b> acetv Eating a serins residue {Weissmann, 1991 K In 
platelets, the effects of aspirin on plate let activity remain 
for the duralion of pi ale Lei life span because the pi ate Let 
apparently cannot produce additional thromboxane synthe¬ 
tase enzyme. In contrast, endothelial, cells are able to syn¬ 
thesize more prostacyclin synthetase and are less suscepti¬ 
ble to the inhibitory effects of low doses of aspirin 
(Weissmann, 1991). In contrast to irreversible bimlers of 
cyclooxygenase, tbuprofen binds reversibly with cyclooxy¬ 
genase and thus competes with A A. In laboratory animals 
and humans, a relative potency has been established for 
the NS All)'* mcclofenamic add > imJomethacin > na¬ 


proxen > phenylbutazone > aspirin (Ijcc and Higgins. 

I9H5), A similar pattern occurs in domestic animals: The 

relative potency of the NSAlDs in horses has been reported 
to he flunixin meglumine > inedofcnamic acid > phenyl¬ 
butazone > naproxen > aspirin I Lee and Higgins, 19H5h 

Potency does not necessarily, however, confer a therapeutic 
advantage of one NSA1D over another. Rather, each of 
these compounds may become equally effective simply by- 
having its dose appropriately adjusted. Differences in 

COX1 versus COX2 selectivity (as previously discussed) 

also impact variable effects among the NSAlDs. 

Along with inhibit mil of prostaglandins, disruption of 
cellular signaling is responsible for all three pharmacologic 

effects that characterize all NSAlDs. These effects also 


are dose- and drug-dependent and include antithitwnbosis, 
occurring at the Lowest doses; analgesia and antipvrcsis; 
anil :mti-inflammation, which occurs at the highest doses 
(Weixsmailn. 1991). Although several NSAlDs are charac¬ 
terized by a short plasma elimination half-life, the clinical 
response may last foe over 24 hours after a single dose or 

up to 72 hours after multiple doses. Irreversible binding to 

cyclooxygenase has been postulated as an explanation for 
the discrepancy between plasma half-life and biologic re¬ 
sponse I Lee and Higgins, 1985). Alternatively, prolonged 
elimination of NSAlDs from inflammatory exudate com¬ 
pared with plasma has also been suggested [Lee and Hig¬ 
gins, L985; Tobin et aL 1986), 


Drug Interactions 


The NSAlDs can be involved in a variety of drug interac¬ 
tions during any phase of drug disposition. Displacement 

of only a small percentage of hound drug from albumin 
can increased the concentration of phannacologically active 
drug in tissues. Few, if any, adverse reactions resulting 

from drug displacement have been reported, in part because 
of the failure to recognize the combination as problematic. 
In addition, the increase in phaimacologically active drug 
is only transient: clearance of the unbound drug by both 


the liver and kidneys will increase iRraler, 1988). Several 
NSAlDs can induce or inhibit drug-metabolizing enzymes 
and thus the clearance and half-life of other drugs cleared 



crease Lind inhibit selected drag-metabolizing enzymes de 


pending on the second drug, whereas salicylates increase 

metabolism iBrnier, 1988). Renat competition with other 
organic acids for active renal tubular secretion in the proxi¬ 
mal tubule has been documented for aspirin and other 
drugs, although the clinical relevancy of this is not clear. 


Adverse Reactions 

All NSAlDs induce undesirable and potentially life-threat- 
citing side effects. The most commonly consumed NSAlDs 
in accidental poisoning include ibuprofen, acetaminophen, 

aspirin, and indomclhacin Donnes et al., 1992), The most 

common clinical signs of toxicosis in one study were 
vomiting, diarrhea, central nervous system <CNS) depres¬ 
sion, and circulatory manifesunions iJonnes et al., 1992). 

Most adverse reactions reflect the inhibitory effects of 
NSAlDs on prostaglandin activity with manifestations most 
often being gastrointestinal in nature. In addition, acute 
intoxication by several drugs can be fatal. 


Gust mi ntestina I 

Gastrointestinal damage is the most common and serious 
side effect of the NSAlDs. Dogs appear to be very sensitive 
to the gastrointestinal side effects of these drugs; indeed, 
every NSAID recoin me ruled for use in dogs has been 
repotted to cause gastrointestinal upset in dogs (Table 16“ 
,lK Although how the damage occurs is not completely 
understood, several mechanisms have been hypothesized 

(Figs. 16-3 and 16-4) (McCormack and Brunt, 1987), 

Gastroduodenal erosion and ulceration reflect inhibition of 
COX I-stimulated KiT.-mediated bicarbonate and mucous 
secretion, epuhclia.ii/a1inn, and increased hlood flow' (Chas¬ 
tain, 1987; Silverstein, I998 k Control of gastric acid secre¬ 
tion is consequently decreased, as is mucous and bicarbon¬ 
ate secretion, epithelializariofli of the mucosa, and mucosal 
bloixl flow. Breakdown of small blood vessels due to a 
deficiency of mucus may be the initialing lesion tMazuc et 
al. mu Direct irritation by acidic drugs may be im¬ 
portant {Chastain, 198“*). In addition, salicylates cause local 
damage due to '‘huckdiffusiem" of acid, which causes 

injury to mucosal cells and submucosal capillaries. Im¬ 
paired platelet activity may contribute to mucosal damage. 

There appeals to be no chemical characteristic that pre¬ 
dicts the likelihood of gastrointestinal toxicity by a particu¬ 
lar noiLseleclive NSAID (Chastain. 1987: Ma/ue el al.. 


Table 16-3. Nonsteroidal-Induced Gastrointestinal Ulceration 

Reported In Dogs 


Drug 

Dose ImgAfl) 

Interval (hours) 

Aspirin 

15 

12 

Carprofen 

2 2 

12 

l.lodntac 

Runixin inc^luimnc 

15 

24 

Ibuprofen 

1 

24 

KeUipfxircQ 

0.5-1 

12 

Mcrtofnimk jchI 

0,5 

S-12 

Hmiicun 

PticnyttaiEairniit 

[ 

24 
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iruv,>pms4ul. m'nlfale, aitJ ranitHliiK, 


1983), Drugs thill enter the entcruhcpalic circulation ie.g., 
naproxen) may be associated with a greater incidence of 
gastrointestinal upset. Dog** are described as a species that 
is "exquisitively sensitive’ (see package insert for meclO' 

fcrcamic acid. Fort Dodge I to NS A ID-induced gastrointesti¬ 
nal ulceration. All NSAlDs used in the dug have been cited 
either in published reports or hy word of mouth {Ellison. 
1995; Shaw ct ah, 1997; Dye, 1997; Giannoukas cl ah, 
1996; Vonderhaar and Salisbury, 1993: Matthews et ah, 
1996) to cause gastrointestinal ulceration. This includes 
relatively COX2-seiective drugs, although they appear to 

be much safer ihan nonselective drugs Gastrointestinal 
ulceration should be anticipated in dugs receiving these 
drugs and clients counseled regarding the side effects and 
potential treatments for ulcerative injury. Unfortunately, 
there is no sensitive indicator of gastrointestinal bleeding 
in dog'*, and damage may be quite extensive before signs 
are evident (Buulay et ah, 1986b). A method based on 
sucrose absorption m the gastrointestinal tract may Lilli - 
mutely be useful for detecting NSA!l>induced gastrointes¬ 
tinal damage (Sleddings et a].. 1995k 

Treatment for gastrointestinal toxicity should be to re¬ 
place the missing prostaglandins, protect the damaged mu¬ 


cosa. and control gastric add secretion (Collins and Tyler, 
1985: Gtannoukas et ah, 19961 Misoprostol is a synthetic 
prostaglandin PGF analogue that both prevents and helps 
heal gastrointestinal ulceration caused by NSAlDs (Buw- 
ersox and Llpowitz, 1995k The efficacy of misoprostol has 
been well established in human patients suffering from 
NSA ID-induced ulceration iSilverstem, 1998), and studies 
support similar bene Ills in dogs (Murlaugh et a].. 1993; 

Johnston et ul , 1995}. Combination NSAJD-misoprostol 
products have been approved for use hy human patients 
{Shield. 1998}, suggesting that a similar combination 
should be considered for dog* for whom the risk of 
NSAlD-induecd toxicity is increased due to age. increased 

dose, or other factors. 


Interestingly, misoprostol when combined with an 
NSAID also appears to enhance ihe anti-inflammatory ef¬ 
fect of ihe NS AID (Shield, |99Kk Indeed, misoprostol 
inhibits IL-l, TNF, and thromboxane release from macro¬ 
phages, and it is the most poicnt inhibitor of histamine 
release front human mast cells (Shield, 1998g Misoprostol 
has potentiated the anti-inflammatory effect of a variety of 


compounds in animals. Additionally, it appears to have 
analgesic effects, all hough at high concentrations, and to 
act synergistically with other NSAIDs in causing analgesia 
(Shield, 1998), 

The benefits of sucralfate include binding to and thus 
protecting damaged mucos,i. as well as increasing prosta¬ 
glandin synthesis, angiogenesis, and sulfhydryl (oxygen 
radical scavenger} production at the site of damage, Anlise- 
cretory drugs such us ranitidine or other H r receptor antag¬ 
onists or the proton pump blocker omeprazole can also be 
used, and are indicated for severe ulceration that does not 
respond to other therapy. However, by themselves, they 

may no* be sufficient (Botilav et ah, 1986a), Although 

perhaps more cost effective than misoprostol in their con¬ 
trol of acid secretion, (hey do not replace the other cytopro- 
lective effects of prostaglandins, Omeprazole mas be pre¬ 
ferred to H r rcceptor antagonists as an untisee reiory drug. 

Note that misoprostol may be more effective in the pres¬ 
ence of agents that decrease gastric acid secretion (Gian- 
noukas et ah, 1996), 

Hematopoietic 

AM NSAIDs are able to impair platelet activity due to 
impaired prostaglandin (thromboxane) synihesis. a COX1 
selective action (f ig. 16-5). At pharmacologic doses. .ispi- 

rui selectively and irreversibly acet> lates a serine residue 
of a platelet cyclooxygenase (Jackson, 1987), The platelet 
form of this enzyme is up to 250-fold more sensitive 
\q acetylation by aspirin compared with cyclooxygenases 
(prostacyclin synthetasel in vascular cndoLhclial cells. Al¬ 
though platelets cannot regenerate more cyclooxygenase, 
endothelial cells apparently are able to rapidly synthesize 
and replace impaired cyclooxygenase i Jackson. 1987). 
Platelet aggregation defects caused by aspirin can last up 
to I week In addition to their antiplatelet effects, selected 
NSAIDs (e g,, phenylbutazonei have also been associated 
with bone marrow dyserarias (Martin et al., 1984: Carlisle 

ct ak. I%8; Watson et al., 1980: MarkcL J986i Gastroin¬ 
testinal Needing is probably Ihe most common sign of 
bleeding dyscrasias m part because of the ulcerogenic prop¬ 
erties of these drugs. Episiaxis has also been reported, 

Because prostacyclin is mediated largely by COX2, use of 
COX2 selective drugs may increase the risk of thrombosis 
(Wullau, 19991, 

Renal 

Analgesic nephropathy is a relatively common adverse 
effect of NSAJDs in human beings (Dunn ct ah, 1988). It 
dfics not (xxuras frequently in domestic animals, however, 
in purl because the drugs are not used as chronically, In 

ihe kidney, vasodilaiofy and tubukuietive prostaglandins 

are protective, ensuring ihat medullary vasodilation and 
urinary output continue during stales of renal arterial VMD- 

constriction (Tig. 16-6). Both COX I and COX2 mediate 

renal effects of prostaglandins. The loss of this protective 
effect becomes important in patients with compromised 
renal function (Dunn et ah, 198K| patients that are predis- 

pursed lo analgesic nephropathy include geriatric patients, 
patients suffering from cardiac, renal, or liver disease, 
patients in hypovolemic states including sh<n:k. and dehy¬ 
dration, and patients receiving nephrotoxic (e,g,, iuninoglv- 

cosides, amphotericin B. or other and prosing tun dm drugs) 

or tiephroactive (e.g,* diuretic} drugs. 
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somcs, and remove energy accessary for inflammation by 
uncoupling oxidadve phosphorylation. Aspirin is available 

in several different preparations* including plain, film 

coated, buffered* tune-re lease, and enteric-coaled tablets 
Capsules and suppositories are also available (Chastain, 

1987k 


The oral bioavailability of aspirin products may vary 
due to differences in disintegration, drug formulation, 
stomach content, and gastric pH (Cordon, I98Kk Although 
buffered aspirin is more soluble than plain aspirin, a larger 
proportion is ionized and less rapidly absorbed, The rale 

of absorption of both products is the same i Chastain, 1987 k 

Aspirin undergo>es rapid metabolism to the hydrolyzed ac¬ 
tive product salicylic acid. This metabolite is not as potent 
an analgesic or anti-inflammatory drug because of the loss 
of the acetyl group, which is able to acetyl ate key proteins 

(Chastain, 1987). Salicylic acid is between 50 and 70^ 
bound to serum albumin among species (Davis and West- 
faik 1972k Hypoalbumincmia may result in transient in¬ 
creases in plasma drug concentrations associated wuh ad 
verse effects. Distribution of salicylic acid into extracellular 
lluid is rapid and includes synovial and peritoneal fluids, 

saliva, and milk. Salicylic acid is eliminated by hepatic 

conjugation with glucuronide and glycine, renal excretion 
by glomerular filtration, and tubular secretion (Davis and 


West fa 11 . 




d aL 1990k Species differences 
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Miser llu neons 

Miscellaneous side effects associated with the use of 
NSAlDs include hepatotosicily (I ewis. 19H4). aseptic 
meningitis (Clemmons and Meyers, 1984: Berliner et al.. 
1985; Syvlia ct al I9KH|, diarrhea, and CNS depression 
(Jonnc> ci al., 1992k 


Drugs 

Aspirin: The Prototype NNAII) 

Aspirin, the salicylic acid ester of acetic acid, is ihc proto¬ 
type of the salicylate drugs, which include sodium salicy¬ 
late, bismuth subsalicylate, and others. In addition to inhi¬ 
bition of cyclooxygenase enzyme activity, salicylates 
inhibit (he formation am) release of kinins p stabilize lyso- 
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dramatic. hxcretion is more rapid in alkaline urine, which 
might he used therupeuticallv to treat acute aspirin intoxica¬ 
tion. 

Aspirin is characterized by a wide safety margin in most 
species. The recommended therapeutic range in humans is 
100 to 250 p,g/mL (Beasley and Back, 1980). Toxicity 

occurs if scrum salicylate concentrations exceed 300 jag/ 
uiL; however, analgesia and aniipyrests require concentra¬ 
tions of 20 to 511 pLg/ml. (Chastain, 1987), Control of 
in flammat ion may require concentrations thal exceed 50 

jcg/niL: rheumatoid arthritis in human beings requires con¬ 
centrations approximating 200 jcg/mL. Although the drug 

concentration necessarv to achieve an antithrombotic effect 

■ 

has not been established for aspirin in animals, smaller 
doses have proved efficacious (e,g., 3 ing/kg). Toxic (acute) 
overdose is usually manifested as depression, vomiting, 
hyperthermia, electrolyte imbalances, convulsions, coma, 
and death, and is more likely m cats due to slow metabo¬ 
lism with accumulation, Acute toxicity includes serious 
acid-base disturbances due to uncoupling of oxidative 
phosphorylation. Hyperventilation due to direct stimulation 
of the respiratory center may he followed by depression at 
high doses. Bleeding disorders may also be evident (Lar¬ 
son. 1963; Chastain. 1987b Dose dependent hepatotox icily 
may also occur. The effects ot NS A IDs on cartilage, which 
are largely detrimental, have been summarized. Aspirin is 
among the NSAIDs that have 4 detrimental effect on carti¬ 
lage metabolism. 

Oral salicylates such as sulfasalazine have been used to 
treat chronic inflammatory conditions of the bowel. Al¬ 
though their mechanism of action is unclear, splitting of 
the diazo bond by colonic bacteria to yield sulfa pyridine 
and 5-ami nosal icy lie acid (5-ASA) may be involved. The 
5-ASA is considered to be the active moiety (Robinson, 
1989b). Both the sullapyridine and sulfasalazine (up to 
25i are absorbed from the small intestine, but most of 


the 5-AS A remains in the colon. That ubsortvd (approxi- 
maldy 20 f # in humans) is rapidly acctylulcd and inacti¬ 
vated by either the colonic mucosa or liver. Newer products 
composed principally of 5-AS A are being investigated for 
the treatment of chronic inflammatory bowel diseases 
(Robinson, I989h|. Alternative methods of delivery of 

these compounds such ibal side effects are minimized are 
also being studied (Tukaya et al„ 1997). 



In dogs, aspirin is distnbuled to a volume ranging from 
0,4 to 0.6 LAg. Bioavailability probably vanes with the 
manufacturer as well as the preparation and ranges from 
68 f r to 761 i Morton and Knotienbelu L989). The bioavail- 
abi lilies of plain, buffered, and enteric-coaled aspirin (25 
mg/kg I do not appear to vary markedly, although plasma 
salicylate concentrations were most variable for the enteric- 

coated preparation (Lipowitz et ah. 1986), After several 
doses of 25 mg/kg at 12-hour intervals, the biologic half- 
life of aspirin is 7,5 hours in dogs. This lime increased to 
a mean of 12.2 hours, however, when the dosing interval 
was decreased to 8 hours (Konturek, 1986), In another 


study, the elimination half-life of aspirin varied after IV’ 
injection of 56 to 60 mg/kg. ranging from 2,2 to 8.7 hours 

[lie dose necessary io maintain clinical control of vari¬ 
ous lamenesses in dogs in one study ranged from 23 to 86 

mg/kg twice daily, resulting in plasma drug concentrations 

ranging from 71 to 281 jig/mL (Jezyk. 1983). Marked 

individual variability in drug elimination among animals 
suggests that therapeutic drug monitoring may be useful 

to ensure that therapeutic drug concentrations have been 

achieved and I hat toxic concentrations (> 300 lag/mL) are 
avoided (Morion and knottenbelt, 1989), One study m 
clinical patients found that plasma salicylate concentration* 
correlated with response (Morton and Knottenbelt, 1989)* 
When 25 mg/kg is administered at 8-hour intervals, thera¬ 
peutic concentrations can be expected to be maintained 
throughout the dosing interval. Gastrointestinal side effects 

of aspirin in dogs appear to he dose and preparation related 

I Shaw et ah. 1997; Lipowitz et al., 1986). and may be 
decreased by using special preparations. looses Q f 25 mg/ 
kg of plain aspirin caused mucosal erosions in 50% of 
dogs that received plain aspirin, whereas there was minimal 
damage in animals receiving buffered and coated prepara¬ 
tions (Lipowitz et al,, 1986). 


Cats 


As a phenol, aspirin is a compound that undergoes 
g I neuron idat ion poorly in cats (Larson, 1963; Year, and 
Swanson* 1973), The plasma elimination half-life of aspirin 
in cats is 37.6 hour* (Davis ei al., 1973). The elimination 


of aspirin may be dose dependent: The half-lile is 22 to 27 
hours after doses of 5 to 12 mg/kg but 45 hours after 

administration of 25 tng/kg (Hochberg. 1989). No clinical 

signs of toxicosis occurred in one study in which cats 
were treated with 25 mg/kg every' 48 hours < Ycary and 
Swanson, 1973). 


Carp rufen 

tkrgx 

Carprofcn is a propriunic acid-derived NSAID approved 
in the United States for use in dogs for die treatment of 
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osteoarthritis (Fox and Johnston, 1997). The drug is ap¬ 
proved for use in dogs and eats in selected countries outside 

of the United States, Like other MSAlDs, carprofen has 
antipyretic, analgesic, and urtti-inHamm alary effects ■£Fs>k 
and Johnston, 1997). Its potency is equal lo that of indo- 
tncihacin and surpasses that of aspirin or phenylbutazone 
(Fox and Johnston. 1997), and doses subsequently are 
smaller for carprofen, than for these NSAlDs. Carprofen 

appears to be equally or more effective than most other 
NS A IDs studied for the control of : n Mam man on, and it has 
proved effective for control of the pain associated with the 
inflammation of osteoarthritis (Vasscui, 1995), 

The mechanism of action of carprofen is not certain, 
but. unlike other members of Us class le g. T ihuprofen, 
ketoprofen. and naproxen), it may be relatively selective 
for inhibition ofCOX2, With canine p]aleLct-derived COX 1 
and macrophage Tike cell COX2, the ratio of COX l to 

COX2 IC* (concentration that caused 50% inhibition) for 
the racemic mixture (that available in the commercial prep¬ 
arations was 129: the ratio was li H1 lor the S isomer and 

more than 4.19 for the R isomer (Ricketts et aJ.. 1998). 
These differences in COX inhibition may explain the ap¬ 
parent safety of carprofen compared with other NS A IDs in 
dogs and with safety in the dog compared to that in hu¬ 
mans, for whom the ratio is less than 1. 

Like other NSAlDs, carprofen is highly protein bound. 
Carprofen is metabolized by the liver arid in dogs ts charac¬ 
terized by a half-hlc of 10 hours. Although this is shorter 
than die 14-hour elimination half-life of etodolac, which is 
approved for once-daily use, carpmfen may also he effec¬ 
tive when administered once daily. Tire dispositions of the 
two enantiomers have been studied (Priymcnko cl al., 

1998) in dogs. Both the R isomer (72%) and the S isomer 
(92%) are extensively excreted in the bile, but enterohepa- 

tic circulation appears lo be relatively spec due tor the $ 
isomer (the isomer characterized by u very favorable CDX2 
specificity), probably due to greater glucuronidase-resistant 

isoglucuronidcs for the R isomer (Priymenko, 1998). The 
mean residence times of the two isomers do not differ, hut 
the clearance and volume of distribution of the S isomer 
are greater than those ot the R isomer (Pnvmenko ci 

ah, 1998). 

Even more appealing to efficacy is the safety of carpro- 
fen; dogs dosed with more titan 10 times the amount 
necessary to achieve therapeutic concentrations did not 
develop gastrointestinal side effects when dosed for 2 
weeks or when dosed at five times the recommended dose 
for 52 weeks. In a clinical trial of 70 dogs. 6 of 36 
carprofen-treated dogs developed clinical signs indicative 
of gastrointestinal upset; three dogs that received placebo 
also developed gastrointestinal signs (Vasscur et al., 1995), 

Forsyth el al, (1998) compared the gastrointestinal side 
effects of carprofen (2 mg/kg orally twice daily for 7 days 
followed by 2 mg/kg once daily), meLoxicam 10.2 mg/kg 
orally once daily), and ketoprofen (I mg/kg orally every 
24 hoursi with those in a control group after 28 days of 
therapy in dogs. The fewest and least severe gastroduode¬ 
nal Lesions evidenced endoseopically were in the carprofen 
and control group, hut there was no statistical significance 

between the three NS A IDs and the control group, making 
interpretation difficult. So animals revealed clinical signs 
associated with gastrointestinal upset. K timer (1999) found 


ciodokic and carprofen to be equal to placebo and all three 

to cause fewer gastric lesions than aspirin w r hen dosed at 
labeled doses for 28 days. Factors contributing to differ¬ 
ences among dogs and species in susceptibility lo earpro- 
fen-induced gastrointestinal ulceration are not known, Vet 
to be studied are differences in toxicity among COX2 

enantiomer*, The incidence of gastrointestinal toxicity is 
more likely to occur at higher doses. Certainly, older ani¬ 
mals should be considered predisposed to gastrointestinal 
side effects. In all animals, clients should be counseled 
regarding the potential gastrointestinal side effects of this 
drug and instructed to discontinue it at the first >ign of 

anorexia, nausea, or diarrhea, The veterinarian should then 

be contacted, 


I i patotoxicity reflecting acute hepatic necrosis has been 
reported as an unexpected adverse effect of carprofen in 
dogs (MacPhail cl aL* I99H|, Approximately l year after 
its approval, reports of gastrointestinal toxicity led Pfizer 
to address concerns regarding side effects in a Technical 
Report { 1998). Of the I mil lion dogs race i vi ng carpmfen, 
an incidence of 0,2% suspected side effects was reported, 
w ith 0.02% involving the liver Although 33% of animals 


affected in initial studies were Labrador retrievers, this 
number was not corrected for the prev a lance of this species. 

Hepsiopalhy has been diagnosed in all breeds of dogs 
receiving carprofen. At least 70% of afflicted animals were 
considered geriatric, suggesting that geriatric animals arc 

predisposed, perhaps due to decreased he pato protective 

function (e.g., glutathione scavenging of metabolitesi. Al¬ 
though death has occurred in some animals, timely discon¬ 
tinuation of the drug can lead to complete resolution of 


biochemical abnormalities Animals with Liver disease in 


one study also had evidence of renal tubular disease iM;ic- 
PhiiiJ et al„ 19981. MacPtiail ct al. (!99H> studied 21 
animals and reported clinical signs of anorexia, vomiting, 
lethargy, diarrhea, polyuria, polydipsia, and hcmaluna <ie- 

eurring between 5 and M) days; however, clinical signs did 
not occur until as long as 60 and 180 days for two dogs. 
In this study. 13 of the 21 dogs were Labrador retrievers. 
with dogs ranging in age from 4 to 15 years. The most 
common clinical laboratory abnormalities included in¬ 
creased activities of scrum alanine transaminase, aspartate 
transaminase, alkaline phosphatase* and bilirubin. Histo¬ 
logic lesions m the Liver ranged front mild to severe and 
consisted of hepatocellular necrosis, Four ot the 21 dogs 
died; those remaining that were hospitalized were treated 
with supportive therapy, including gastrointestinal pro¬ 
tectants. Hepatic disease might be minimized by pretreai- 
ment evaluation because lesions appear lo occur w ilhjn the 
first several weeks of therapy. Because lesions appear 10 
occur within the first several weeks of therapy, monitoring 
(clinical la bora lory tests) for hepatic damage and hepatic 
function nbite acids) al w r eekly or biweekly intervals for 
the first mouth is recommended, particularly in predisposed 

(e g., geriatric) animals. Monitoring should continue at 

intervals of 2 to 4 weeks for 3 months. Animals receiving 

phciLobarbital have been reported to be more susceptible 
to bepatotoxiciiy. Although this has yet to be validated 
scientifically, induction of hepatic drug metabolizing en¬ 
zymes by phenobarbital is likely lo increuse the risk of 
toxicity, Use of hepatnpmtective agents such as .V-acetyl- 
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ewe me u glutathione pret u r*i>r l or S-.udenosy I methionine 
may be. beneficial during initial hepatic damage 

The effect of carprofen on cartilage physiology iv que* 
tionable and appears to be biphasic (Benton el ah* 1997),. 
In vitro studies with canine chondrocyte cell cultures re* 
vcaletl that carprofen increases the rate of polysulfated 
glvcosamirKtglycans (PfiAG) synthesis at synovial fluid 
cnncentraiions (i 10 pg/mL) achieved in human patients 
receiving a therapeutic dose of carprofen. Inhibition of 
PGAG synthesis, however, occurs at concentration a of 20 

M^g/mL or more {Benton ct ,sL 1997), Conceit minims that 

occur in dog synovial fluid after administration of a thera¬ 
peutic dose of caiprofen have not been determined. Thus, 
the most likely effect of carprofaa on cartilage is not 
apparent, 

Cats and people do not appear to enjoy the same level 
of safety of carprofen as. do dogs. The drug should be used 
short term only in cats. 

Carprofen is approved for use in the treatment of osteo¬ 
arthritis in dogs (Vasseur ct al., 1995). Like other NSAlDs, 
the risk of gaslroimeslituil upset should lead to counseling 
the client regarding the clinical signs associated with gas¬ 
trointestinal ulceration. Doses should be titrated to the 
minimum effective. C arprofen is such an effective analge¬ 
sic that it shows potential for control ol postoperative pain 
{Lasoellf* et al„ 1994. 1998), Siudies have shown it to 

be an effective postoperative analgesu in eats 1 4 mg/kg 
btibeutaneouslyi {Balmcr et aL 1998) and dogs t Welsh et 
al.. 19971 when administered preopcrutivcly* 


Cats 

C arprofen is approved for use in cats in select countries 

oulside the I nnecJ Stales. Fhe drug's pharmacokinetics 
have been studied, and the results include a predominance 
of the R enantiomer. 100*#- oral bioavailabilily, and a Long 
elimination half*life 'laylor et jJL 1996) following admin¬ 
istration of a racemic mixture. Pharmacodynamic evalua¬ 
tion focusing on control of inflammation indicated a dose 
of 4 mg/kg fTaykir et ul199b: Lascclles et al., 1995: 
Balrtter cl al , 1998), As a povurpcrabvc analgesic, carpto- 
fen compared favorably with pethidine fttwperidine 1, pro¬ 
viding equal hut longer analgesia tat least 24 hours) when 
administered at 4 mg/kg subcutaneously postoperative!) 1 
(Balmerei al, 1998). However, the relative COX2 selectiv¬ 
ity of carprofen that occurs in dogs has not Iteen docu- 
mented in cats. Duodenal perforation has been reported 
in cats using oral administration of carprofen following 
ovanohvstcTcctomy (Runk ct al,, 19991 


Elodolac 

Llodolac a pyranocar boxy lie add thal has -4kjw n potent 
NS AID activity by inhibiting chondrocyte and synoviocyte 

biosynthesis of PGE : In in vitro studies, its COXLCOX2 

ratio varies. Ibe ratio using human cells appears to favor 

safety iCUaser, 1995k although studies using canine cells 

(Ricketts et al... )V98l reveal the opposite. Ricketts et al. 

{19981 reported a COX!:COX2 ratio nf only 0,517 com¬ 
pared with 129 for carprofen; however, cl mi call y ctodolac 
appears safer than the ratio suggests. In dogs, the drug 

appears to undergo enteroheputk' circulation, resulting in 
an cl i mi nation half-life of 14 hours (Cayen el aJ, 1981), 


which is sufficiently long to allow once-daily dosing. When 
dosed at 10 to 15 mg/kg once daily, it appears to be 
effective yet safe for controlling lamcnevs associated with 
hip dysplasia 1 Budsberg et al., 1966), Its. effect >n cartilage 
metabolism has not been well documented. Because of its 

longer half-life and enteroheparic elimination, ciodoiac 
may he associated w'tih a greater risk of gastroduodenal 
ulceration than other drugs that also appear 1 to be selective 
COX2 inhibitors, although clinically there appears to he* no 
support for increased risk compared with carprofen. 

According to tlte package insert, six of eight dogs devel¬ 
oped gastrointestinal erosions ami subsequently died after 
etodolac administered at five times the recommended dose 
for 6 to 9 months Gastrointestinal ulceration cm be- ex¬ 
pected in animals receiving 2,5 io 3 times the recom¬ 
mended maximum dose Five of six dogs developed exces¬ 
sive bleeding when receiving etodolac ;ti the recommended 

dove, although the duration of therapy was not clear from 
liie package insert. Liver disease such os that associated 
vs ] ih carprofen has not been reported with etodolnc* al¬ 
though I am aware of two cases of acute bepatopalhy that 
were associated with etodolac therapy In one patient,, le¬ 
sions resolved with discontinuation of the drug; the second 
died from the illness. As with carprofen, histologic signs 
were nonspecific, Use of etodohc has not yet, however* 
equalled that of carprofen. and conclusions cannot lv made 

regarding the relative safety of the Two products at this 

lime, 

Meloxk&m 

Mdoxicam. like pnoxicam, is a member of the oxicam 

group of NSAID* approved for use in tablet and oral 
suspension forms in Canada and Europe in dogs and cats. 

The COX 2: COX 1 ratio for meloxicam* unlike that for 

piroxicam* favors selective CQX2 inhibition, suggesting 
that it has a wider margin of safety than most other 
NSAIDs (Engetharch et al. t 19%a-c; Hare el al., 19981 a 
suggestion supported by c brutal studies. The drug is more 
potent (although not necessarily more efficacious) than 
aspirin. indomethadn, and piroxicam: hence* its dose is 
smaller, Its efficacy in treatment of locomotor disorders in 
dogs compares favorably w ilh other NSAIDs (Van Brer el 

a'., 1994; Hare et al * 1998b Like other NSAIDs* meloxi- 
cam is highly (979t) protein bound and undergoes hepatic 
metabolism. Its elimination half-life is relatively long in 
dogs ai 20 lo 30 hours, allowing once-daity administration. 
Hence, a loading dose of 0.2 mg/kg is given the first day, 
followed by u maintenance dose of 0 I mg/kg. The cautious 
clinician may want to .avoid the loading dose in the event 

that the pci owner neglects to reduce il to the maintenance 

dose; os with most drugs* the selectivity enjoyed with the 
mechanism of action of this or an) selective NS AID is 
likely to be lost at high doses. Safety of die drug has been 
established at four times but not six times the recom 
mended dose when administered for 4 weeks, li currently 
is not available in the United Stated, 

Phenylbutazone 

Phenylbutazone is a weakly acidic, lipophilic NS AID ap¬ 
proved far use in dogs. Inhibition of the A A cascade by 
phenyIbutaznne occurs after corn ersion to reactive interfile 

CoDvriahtcd m 
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dlltR 11 lilt! I til'll 8l PC pH <ynitmj? and prndncyelm syn 

Ihasiv Prostanoid-dependent celling, edema, erythema, 
and associated pain are reduced by phenytbutaznnc (Tnhiti 
et at.* I9K6 i, Pticnylhuia/um; has been associated with 
some attenuation of some clinical signs associated with 

endo toxic shock in experimental models iMooic ct ah, 
19N6; Jariov et ah* 1992). 

Bioavailahility after intramuscular administration of 

phenylbutazone is leas than that after oral administration 
in most species studied because of precipitation in the 
neutral pH of muscle (Williams, 19B8; Dc Backer et al., 
1980; Tobin el al, 1986). Ptienylbuta?one is metabolized 
hy the liver with less than 2% of the drug being excreted 
as a parent compound in the urine in some species. Its 
major metabolites are uxyphenyTbiiiaznne, which is less 

active than phenylbutazone, and inactive 7 -hydroxyphenvl- 
hUta/one (Tobin et al,, 1980; Mills el at., 1995a, hi Re¬ 
ported adverse reactions caused hy phenylbutazone include 
bleeding dyscrasias, hepatopathy. and nephropathy iprimar¬ 
ily in hones) (Tobin ct al., 1986; Carlisle et ah, 1968; 
Murray, 1985; Tandy and Thorpe. 1967). Phenylbutazone 
has chondrodes tractive effects (Kafr hen, 1988; Jolly et 
at, 1995). 


Dogs 

Despite approval of the nirul preparation tor use in dogs, 
there is little Inlorntation regarding the use of phenylbuta¬ 
zone in dogs. l"hc half-life in plasma (7.3 to 18 hours) 
is shorter than dial in tissues (20 hours), although peak 

concentrations in tissues (13 to 20 ptg/rnL) were approxi¬ 
mately one third of those in plasma (49 to 75 ug/mL) 
rZech el aL 1993) following a dose of 15 mg/kg orally. 
The elimination balf-lde (in greyhounds) is 6 to 7 hours 
(Mills et al.. 1995a, hi Dugs apparently are more tolerant 

of phenylbutazone than humans. When used to treat racing 
greyhounds, caution may he neeessary regarding drug test¬ 
ing. One study (Thomas el al., 1997) has documented that 
phenylbutazone can be detected in the urine of greyhounds 

after topical administration in a commercially available 
cream 

Toxicity manifested as hemorrhage, biliary stasis, and 
renal failure has been reported in one dog receiving dose 
to recommended doses (Tandy and Thorpe. 1967; Watson 
et ill., 1980; W eiss ami Klausuer. 1990). For reasons not 
explained, the package insert notes a total maximum dose 
and requires the drug to be discontinued slowly Bone 
marrow dyserasias (including neutropenia) also have been 

reported 


Can 

Although phenylbutazone has been used in cats, a high 

incidence of toxicity suggests extreme caution. One hun 
dred percent of eats treated wilh 44 mg/kg daily became 
anorectic at 2 to 3 days, with 90% mortality al 2 to 3 
weeks. Toxicity occurs primarily in the hone marrow and 
Is characterized by decreased erythroblastic activity and 
possible i me r fere nee with myeloid maturation Gastrointes¬ 
tinal damage, nephrotoxicity, and hepaiotoxk l ty ;dso occur 

(Carlisle et al, 1968 b 


I K mix i n Yield 


umiiw 


Runixin meglumine is u nicotinic acid derivative approved 
for use 1 in the horse, Described as a potent analgesic agent, 
it his been used to control pain that might otherwise 

respond only to opioids. It is particularly useful tor visceral 
pain. In addition to its analgesic effects, flunmn meglum¬ 
ine has been studied and cited for its aniicndotoxic effects 


in expen menial models of septic shock in several species 
(Hardie cl al., 1983. Moon* et al,, 1986; Templeton et al-, 
3987; Jarlov el al., 1992; Davidson et al., 1992k 

Alter an intravenous dose of 1.1 mg/kg in healthy dogs, 
ilunixm is characterized by an elimination half-life of 3.67 


1.2 hours and a clearance of 0.064 


0-01 Uh/kg 


Volume of distribution at steads state is 0.18 ± 0.08 LAg 
(Handle et a!,, 1985), Although the mode of action has not 

been documented, Himixin is .specifically recommended as 


an analgesic in the treatment of colic in hot%es and may be 

usef ul for control of visceral ptun in dogs (e g , parv ovirus) 
or postoperative pain (Matthews el al,, 1996), It also ap¬ 
pears useful for the treatment (and especially prelrealment) 

of endotoxic shock (I.ee jwid Higgins, 1985), ll prevents 
many of the adverse effects caused hy administration of 

endotoxin, thromboxane A 2 , and POK (Hurdle fit ah* 1985). 

Runixin meglumine appears to modulate response to septic 
shock in dogs (liardie et al . 1983; Davidson et al, 1992: 

McKellur et al., 1989), In dogs, a dose of 1,1 mg/kg 
Ilunixm meglumine blocks FGfj production, whereas 2.2 
mg /kg improves survival times of septic dogs (Handle ct 
al., 1985) PhuLrmaiokinelics of Ihmtxin in septic dogs dues 
not appear to differ from dial of control dogs (Hardie ci 
al., 1985). Toxicity, most commonly manifested as gastro¬ 
intestinal upset, limits use of this drug in dogs to 2 to 3 
days. Doses at three to five times those recommended 
caused gastrointestinal disturbances in one study. 



Keloprofen is a propionic acid NSAID approved lor use in 
humans and horses. Because ketoprofen is a strong inhibi¬ 
tor of cyclooxygenase, it has been ascribed powerful anri- 
inftammatorv, analgesic, and antipyretic properties. In hu¬ 
man patients suffering from rhcumaloid arthritis, ketopro- 
fen ha* been shown as efficacious a> aspirin, naproxen, 

aspirin, indomethacin, ibuprofen, diclofenac, and piroxicam 
(Avotiac and Tfiulc, 1988). Similar resulis occurred in can¬ 
cer patients receiving either aspmnfcodc ine combinations 
or ketoprofen (Siamhough and Drew, 1988). For control of 
postoperative pain, ketoprofen has proved equally effective 
as pentazocine and meperidine (Avouac and Teuk. 1988) 

and equally effective but longer in duration than acetaimno- 

phcn/codleine combinations (Turek and Baird, 1988). Al¬ 
though not linn Iy established, the efficacy of ketoprofen 
lias been attributed to its ability to inhibit some lipoxygen¬ 
ases and thus formation of leukotrienes (Williams and 


Upton, 1988), Ketoprofen is also a powerful inhibitor of 


hradykinin (Williams and Upton. 1988b 

Ketoprofen is rapidly absorbed from the gastrointestinal 
tract, Although peak plasma drug concentrations arc lower 

in dogs after oral than IV administration, mean residence 
tunes (4.59 vs. .1.81 hours, respectively) were inH different 
(Schmitt ami Guenicn. 1990). Although peak, drug concert ■ 
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trillions may be levs bioavailabiJiiy docs nut seem to be 
impaired by food As with other NSAJDs, ketoprofen is 
approximate !v 9MTfc protein bound, principally it> albumin. 

Elimination re 11 c_vts metabolism tit inactive metabolites by 
tilt li\ it and CAcret as ihe glucurunidc conjugate m 

the urine I Williams and Upton. 19WK) Drug interactions 
involving ketoprofen have not yet been documented (C«il- 

leteau, 1988). 

Adverse reactions to ketoprofen in humans occur in 
approximately EGf of ihe patterns studied (Heaver, I983H; 

Stanibnugh and Drew, 19H8I Die most frequent complaint 
was upper gaMroinicMimil upsd. Other commonly encoun¬ 
tered side effects include CNS reactions, such as headaches 
and dizziness, and nephritis. Side effects were severe 
etkxigh in one report tha! therapy was discontinued in 
approximately I3*T of patients (Cailleieau. 1988), Alterna¬ 
tive preparations* such as rectal suppositories, have been 
formulated for keiopnofen in order to reduce the incidence 
of gastrointestinal toxicity I Schmitt and Guentert, L990). 
Keioprofen is not approved for use in small animals in the 
United Slates but is approved for both dogi and cats in 
Canada and Europe, We have seen gastrointestinal upset in 
some dogs treated with ketoprofen that was assumed to be 
drug induced suggesting that. like all NS AID*. care be 
taken when using the drug. 

The use of ketoprofen as aw analgesic and antipyretic 
has been studied in cats. The antipyretic effect of ketopm- 
fen (2 mg/kg subcutaneous!) followed by I mg/kg once 
daily orally) in. febrile cats was rapid, being evident in 4 
hours with temperatures normalized al that time iGJcw ct 

al.. 1Temperature* did not change in the amihimic- 
on)> treated tats The mt of keioprofen as an analgesic is 
variable (Slingsby and Waterman-Ptanson, 1998). In cats 
subjected to ovariohysterectomy, ketoprofen (2 mg/kg sub 
car a tie on sly) compared favorably with buprenorpsune 

(0 Oflft mg/kg or ft |Ag/kg intramuscularly) and mepiridine 
as gas anesthesia was discontinued. Response was bused 

on visual analogue scores and overall clinical assessment. 
Response was equal to that of bupreuorphinc at 4 hours 
and better at 8 hours. Response was belter for both drugs 
compared with the control at both 4 and K hours but still 
prevent for buprcnorphinc only compared with control al 

18 hours, 

Pirnxlcam 

Piroxteam is an oxteanni NS AID approved for humans that 
li.i', been used Lit treat osteoarthritis in dogs. Mote recently, 
ir has received attention for .tv ability to reduce the size of 
tumors {transitional cell tumors and others■' in dog 1 ' (Braun 
ct al. 1987; Knapp et al. I 992. 1994. 1995). This latter 
effect may result from both immunocnodulation and In¬ 
flammation at the tumor site. Piroxicam may interact by an 
additive or syneigislic action with antieancer drugs to cause 
tun>or cell death, Piruxkam is a potent anti inflammatory 

in musculoskeleta conditions. Oral absorption is rapid, 
with 100^ bioavailability (Galbraith and McKellar, 1991). 
Distributed to a volume of 0 34 kg, its half life of 40 m 4^ 

hours in dogs is similar to that in humans {Galbraith and 

McKcIIct. 1991h Although the LD*. of piroxieam is greater 

than Tt'M'l ing/kg in dogs, gasliic lesions and renal papillary 
necrosis have occurred in dog'* receiving 0.3 to 1 mgAg 


daily (Galbraith and McKellar, 1991; Knapp ct al., 1992). 

The ratio of COXTCGXl suggests that gastrointestinal 

toxicity occurs. Liule evidence of [oxicity {gastrointestinal 

■or bleeding), however, was noted after administratis of 
0.3 ing/kg every other day (Galbraith and McKclLar, 1991; 

Knapp et aL 1992). Extrapolation of human use to dogs 
should be done cautiously because of possible differences 
in volume of distribution, therapeutic concentrations, or 

safety margin. 


Ketorolac 

Ketorolac is an NSAJD approved for use in human patients. 
In contrast lo many NSAlDs, ketorolac is only moderately 
effective us an anti-inflammatory (Insel, 1996). It is. a 
potent analgesic, however, that has been described as 
equivalent to morphine As such, it has been used as a 
perioperative analgesic in dogs (PaddJeford, 1999) In peo¬ 
ple, ketorolac causes gastrointestinal upset, and similar 
side effects occur m dogs. Ketorolac appears better than 
hutorphanol and equal to flunjxin meglumine for control 
of postoperative pain, Despite its potential efHeaey as a 

postoperative analgesic, however. 1 of 21 dogs developed 

gastrointestinal ulceration after a single dose (Matthews et 
al., 1996). Therefore, recommendations are to Limit use to 
one to two treatments, or 3 days. The kinetics apparently 
have not been reported in dogs. Other side effects reported 
in people include dizziness, headache, nausea, and pain at 
ihe site of injection (Insel. 1996). Caution should be taken 
particularly in the perioperative patient, which U topic 
likely to ho dependent on renal prostaglandins during the 
surgical procedure. 


Naproxen 

In dogs, naproxen is rapidly absorbed after oral admin i.stra- 
non, with maximal plasma drug concentrations ixxutring 
at 0.5 to 3 hours, Bioavailability ranges from ftB to 10091 

Naproxen is 99*4 bound to serum proteins in dogs resulting 

in a volume of distribution of 0,13 LAg. Total body clear¬ 
ance is 0.021 mg/kg per minute. Notably, compared with 
12 to 15 hours in humans and 5 hours in horses, the 
elimination half-life of naproxen after IV administration in 
dogs ranges from 45 lo 92 hours (Trey and Rich, 1983), 
Peak concentrations in dogs following oral administration 
of 5 mg/kg were 40 to 50 p.g/ml Tissue concentrations 
paralleled plasma concentrations with a peak of 20 to 30 

pg/nil; concentrations dec lilted over a period of 200 hours 

(Zcch ct al., 1993). Extensive enterahepaue circulation has 
been credited as the cause for prolonged elimination in 

dogs, Because of its long half-life, naproxen need only be 
given once daily to every other day. Although a loading 
dose has been recommended, the gastrointestinal toxicity 
of this drug in dogs .suggests that a loading dose ls nut 
necessary. The dog has been described a:- the animal most 
sensitive to naproxen (Frey and Rich. 1981), 

Gastrointestinal toxicity occurs at doses of 5 mg/kg 

daily (Gfelter and Sandors. I991J. Toxicity appears most 
likely when plasma drug concentrations exceed 50 pgftnL. 
If this NSAID is to be used in dogs, doses initially should 
be low. 11-2 mg/kg) arid subsequently titrated lo the ani- 
maks need. Animals should be watched closely for evi- 
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dence of gastroinfcstinal upset. Bleeding dyscrasias have 
also been reported in dogs receiving large doses of na¬ 
proxen (Frey and Rich. 1984; Roudebush and Morse, 1981; 
fifcllcr and Sandors. 1991 i. Naproxen is among (he 
NSAlDs noted 10 hav e chondropfoltctivc effects. 

Naproxen has been cited for a positive protective effect 

on articular cartilage. Using a canine experimental model 

of osteoarthritis* naproxen decreased the loss or proteogly¬ 
cans and suppressed metalloproteinase activity (Hatliffe ct 

d., 1993). 

Ibuprofen 

Ibuprofen is a propionic acid derivative that has been used 
in dogs, Ihuprofen is less effective as an analgesic than is 
aspirin, perhaps due to differences in binding of cyclooxy¬ 
genase (reversible for ibuprofen compared w ith irreversible 

by aspi.ni! I. Ibuprofen is a popular drug in human medicine 

because it is a very effective anti-inflammatory whose use 

is associated with a low incidence of gastrointestinal side 

effects. Gastrointestinal erosions, however, con si sternly oc¬ 
cur in dogs receiving therapeutic doses for 2 fa 6 weeks. 

Ibuprofen is rapidly absorbed in dogs after oral adminis¬ 
tration, w ith peak plasma drug concentrations occurring be¬ 
tween 0.5 and 3 hours and htoavailability ranging from 60 

to 80% imean 77%). Mdume of distribution is 0.164 LAg, 

Plasma elimination half'llfe after oral or IV administration 

is 4,6 + 0.8 hours and clearance is 0.49 mlVmin/kg. 
Pharmacokinetics ore similar at doses of 5 and 10 mg/kg 
(Scherkl and Frey* 1987), A dose of 12 to 15 mgfkg is, 

however, necessary’ lo achieve therapeutic concentrations 

as reported in humans (Schertd and Frey. 1987k After 
repetitive administration of this dose. plasma drug concen¬ 
trations decrease despite no change in drug half-life 
(Scherkl and Frey* 1987), 

Vomiting occurs commonly after several (2 lo 6) days 
of ibuprofen therapy in dogs with either the gelatin or 

enteric-coated capsules (Sclierkl and Frey* 1987), Gastroin¬ 
testinal inflammation and gastric erosions have been docu¬ 
mented after administration of 8 mg/kg daily despite the 
lack of clinical signs of toxicity (Scherkl and Prey, I9H7|. 
Because gastric lesions occur ai doses less than those 

necessary lo achieve therapeutic concentrations, ibuprofen 
is not recommended for use in dogs. 

Mprlnfenamir Add 

Mcclofenamaic is an amhranitic NSAID available as a 
palatable granular preparation intended lo be mixed w ith 
food for huge animals and as a tablet, and is approved for 

use m dogs in the United States. Among the NSAItK it is 

noted for Ms slow onset of action. The effects of meclofen- 
iiiiiic acid on cartilage have not been studied. The package 
insert associated with ihe label of tins drug describes dogs 
as being exquisitely sensitive to the gastrointestinal ulcero¬ 
genic effects of these drugs. Mvclofeiujiiie acid appears to 
have no dear advantage lo other drugs for treatment of 
osteoarthritis in dogs and may be more likely to cause 
gastrointestinal upset. 

I udom e I hue I n 

Indomethacin is an NSAID that was developed specifically 

to abate the inflammatory response to the indolie hormones 


serotonin and tryptophan (Boynton et a!.. 1988) As a 

powerful and inflammatory , it became a standard for com¬ 
parison with other drugs. In huimm. toxicides are not 
sen oils, but CNS side effects are undesirable i Boynton et 

al., 1988 k The incidence of gastrointestinal hemorrhage after 
administration of indomcihacui at doses of 2 lo 5 mg/kg 
precludes its clinical utility in dogs. In one study, all dogs 

developed mctemi within I week of receiving 2 mg/kg 
doily; 60% of these animals had gastric ulcers tbwing, 

1972,1 


A retain inophen 

Acetaminophen (paracetamol) is a coal tar analgesic used 
in human medicine as an effective alternative to aspirin for 

control of fever and pain. Classically, it is recognized lo 
have pwr anti-inflamraatory activity* although this view 
has become more controversial i Mbum et al, 1988). Al¬ 
though often classified as an NSAID, its mechanism does 
not involve inhibition of cyclooxygenase. Rather, acetamin¬ 
ophen interferes with ihe endapcroxide intermediates 

(PGG-* PGHj) of A A conversion, Jls relatively weak anti' 

inflammatory activity has been attributed lo the high con 
central] on s of peroxides that occur in peripheral inflamma¬ 
tory lesions. Acetaminophen may he more effective against 
inflammatory conditions in the CNS, 

The major disadvantage to the use or acetaminophen 
in veterinary patients is the narrow safety margin that 
characterizes its use in cals. The drug is normally conju¬ 
gated with glucuronide and to a lesser degree with sulfate, 
I>rug that is not conjugated is metabolized by phase 1 
microsomal enzymes to cytotoxic oxidative metabolites 
Intracellular glutathione normally scavenges the metabo¬ 
lites. but in the case of overdose or glucuronide deficiency 

(as with the eat). the formation of toxic metabolites over¬ 
whelms the glutathione scavenging system. In eats, methe¬ 
moglobinemia is ihe most common indication of toxicity* 
although centrolribular hepatic necrosis may also occur, 
Treatment of acetaminophen toxicity includes administra¬ 
tion of anti oxtdants, including M^acetykysteine* a precursor 
of glutathione, and ascorbic acid (vitamin Ct (St. Outer 

and Me Knight. 1980; Cullhun, 1984; Sax ides et al., 1985|. 
The administration of eimeiidme, a microsomal enzyme 

inhibitor, will reduce the formation of toxic metabolites 
and will result in clinical improvement if given within 
48 hours of acetaminophen administration (Jackson, 1982; 

Buffalo and Thompson, 1982)- 

Acetaminophen (15 mg/kg every N hours) may he as 

effective as aspirin for the control of postoperative pain 
and inflammation in dogs. Ait extended relief formulation 

has proved useful (20 to 30 mg/kg every 8 to 12 hours \ at 
a longer interval (Johnston and Budsherg* 1997). Acetamin¬ 
ophen also can He combined with opioids, particularly 
codeine (dose based on codeine at I to 2 mg/kg orally 
every 8 to 12 hours l Acetaminophen appears to be safe in 
dog-*. At daily doses of 0.5 g every 8 hours (average weight 
18 kg)* acetaminophen causes no clinical signs of adverse 
drug effects (Mburo ct al* 1988), Other studies, however* 

have shown that adverse reactions (depression, methemo¬ 
globinemia, and vomiting) can occur at higher (100 mgy 
kg) doses (Hidle and Grauer. 1986: Sasides and Oehme. 
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1983). in another study, l *00 mg/kg IV caused fulminant 
hepatic failure in dogs (Francavilla el ah, 1989). 

Treatment of Osteoarthritis 

UMroarthrili* Du fim-d 

Degene ialive joint disease (DJDi, or osteoarthritis (OAl is 
defined as a loss of articular cartilage and chondrocyte 
death. It is a noninflammatory disorder primarily because 
inflammation does not play a significant role in the onset 
of the disease process Although the role of inflammation 

tn the pathogenesis of the disease is also Limited compared 

with other joint disorders {i,e- sepsis or immune'mediated 

diseases), the role of inflammation is sufficient such that 

drugs that modify inflammation have become important in 

the management of DJD. However, the concept of chondro- 
proiecunn in the damaged joint has become a focus for 

therapy, a', have agents that modify the disease process 
Degenerative join! disease is a progressive disease, char-- 
acicri/jcd by degeneration and destruction of articular carti¬ 
lage i Gardner. 1983; Jones and Doheciy, 1992), Certain 

conditions are predisposed to cause secondary DID,, ,il 
though it can occur ax the primary disorder. Secondary 
DID can develop m a result of abnormal joint mechanics 
(c.g, instability) or direct trauma. 

Cartilage Physiology and Pathophysiology 

Normal cartilage is avascular and tightly adheres to cortical 
bone i Vaughan-Scort and Taylor 1997). A Load-bearing 
and gliding surface of the joint is formed such that a 
frictionless surface occurs throughout the range of motion 
of the joint. Fbe fibrous capsule ol the joinl contains a 
layer of synovial cells that are very vascular and serve as 
a selective membrane precluding passage of molecules 
greater than 12,000 molecular weight. Synovial fluid pro¬ 
duced by the cells lubricates and nourishes cartilage Hya¬ 
line cartilage contains a small number of chondrocytes than 
synthesize the matrix in which they arc embedded. The 
matrix is composed of collagen fibers interspersed in a 
well-structured manner with proteoglycan aggregates of 
varying molecular weights lFig 16—7 1 Proteoglycans are 

comprised of glycosaminogiyeans encircling a core protein 
The proteoglycan complex in turn is bound fby a link 
protein) to hyaluronic acid. Chondroitin sulfate is the prin¬ 
cipal proteoglycan of mature cartilage, with other sulfates 
(e.g., keralm, dermatan| making up the remainder. Chon- 
dronin sulfates are gLycosaminogLycans composed of alter¬ 
nating sulfated residues of a glucuronic add and a galnctos- 

umine, Sources of chon droit in sulfate for commercial 

purposes include bovine trachea, nasal septum, and shark 

cartilage. Proteoglycans arc large molecules that trap water, 

thus maintaining the gel-like consistency ol cartilage, and 
act ax an elastic shock absorber. Chondrocyiex are very 
mctabolically active, cotixtanily breaking down and resyn¬ 
thesizing proteoglycan and collagen. The substrates and 
energy for these acted lies are translated in. and waxic 

material from the cartilage by a synovial "pump" media - 

ftism. 

The initial instill leading to exmilage degeneration may 
vary (i.e . injury, congenital malformation, chronic over¬ 


load, age), but the sequence of events is similar. The 
changes occur well before clinical {including radiographic) 

signs are evident. Tile initial lesion in osteoarthritis occurs 

in cartilage. Chondromalacia (softening of the cartilage) 

occurs early in the course of disease. Collagen turnover is 
markedly increased by the chondrocytes; reparation may 
not yield the appropriate {type 11) collagen.. Ultimately, 
collagen loss may predominate. Species differences in the 
repair of collagen arc likely to exist. Proteoglycans arc also 
lost as DJD progresses, initially, proteoglycan synthesis h 

markedly increased, but the normal ratios of high-mulecu- 

Iar-w eight versus low-molecular weight proteoglycan may 
not be maintained, Eventually, proteoglycan synthesis 
markedly decreases. Hyaluronic acid concentrations also 

decrease. 

Tire loss of cartilage matrix ix mediated, in pari, by 
proteolytic enzymes such as metalloproteases, including 
collage noses, stromelyxin, and aggrecana.se, and lysosomal 
cn/vmes released {stimulated by IL-1 or TNF) by synovial 

cells or chondrocytes, [merkukitu I and 6, TNF, and nitric 
oxide also Oct a 1 - cellular or molecular mediators {Pelletier 
ct ul., 1993. 1995; Mitchell et a]., 1997; Singer et ol.* 
1995), Mediators (eicosanoidx. IL-t, and INI i act to up 
regulate catabolic enzymes of destruction while downregu- 
lating mediators that inhibit catabolic actions (Pelletier ct 
ol„ 1995) The catabolic process of cartilage degradation 
worsens as these enzymes ore released. Chondrocyte death 
ram occur early in the process of DJD. Synovial cells 

phagocytize the products of degradation and initiate a 
(chemical) inflammatory process. Collagen is exposed; fis¬ 
sures develop- in the cartilage. Local tissue degradation 
increases, and leukocytes are activated, event wily Leading 
to a viscous cycle of degradation and inflammation. 

As cartilage continues to i^ear weight, mechanical de¬ 
struction and physiologic changes continue. The damaged 

cartilage cannot boar weight appropriately, and subchondral 
bone is exposed to forces that normally would be damp¬ 
ened. Subchondral sclerosis occurs, ami apposing articular 
surfaces become estimated Cartilage homeostasis is inter- 

rupted. Limiting access to fluid-containing nutrients. Fluid 

released into the synovial joint may not be efficiently 
ahsoroed. In addition, mediators of inflammation are re- 
leased by both chondrocytes and synovial cells. The joinl 

becomes painful as a result. Micro fractures and fissures 
allow vynov al fluid to penetrate into (he bone, with re 

suiting subchondral cyst formation. The damaged cartilagc 

attempts to repair the damage as it occurs by synthesizing 
new proteoglycan and collagen. Osteoarthritis probably oc¬ 
curs when ihe catabolic process overwhelms the repair 
process, 

Drug Therapy 

The goals of drug therapy far DID should be (I) to control 
pain, (2) to increase mobility. (3) to prevent continued 
degradation of the joint and! (4) to provide support to 
reparative processes. In addition U» drug therapy, dietary 
management (i.e., weight control) and exercise control 
should be implemented, and surgical options should be 
considered whew- appropriate Mechanisms of therapeutic 

drugs designed to retard the deterioration of DJD include 
inhibition of synovial cel I-derived cytokines and chondro¬ 
cyte-derived degradative enzyme*, inactivation ofsuperox- 
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iJl radicals. stimulation of matrix synthesis* and enhance 
merit of synovial fluid lubrication (Finals, 1992; Altman ct 

ah* 1989), 


Advances in the pathophysiology of DJD (osteoarthritis) 
have provided new therapeutic foci, Hie progressive degert- 

e rat ion of articular cartilage that characterizes this disease 
reflects an imbalance between cartilage matrix synthesis 
and breakdown. The role of inflammation in the pathophys¬ 
iology of DJD is controversial. The impact of NSAID 
therapy can be a two-edged sword: the effects may be 
either harmful or beneficial depending on the drug, The 
primary effect of NSAlDs in the disease is probably analge¬ 
sic father than anti-inflammatory (Finals, 1992}. A number 
of other anii-inllammatory drugs have been studied for 
their efficacy in the treatment of DJD, and their use for 
treatment of osteoarthritis has been summarised, The dose 


of NSAID needed Do control pain associated with osteoar¬ 
thritis may vary greatly among animals. Drugs can control 
pain not associated with inflammation at doses lower than 
those necessary to control pain associated with inflamma¬ 
tion. On the other hand, for some animals, evidence of 
pain may be controlled only if in 11 animation is successfully 
controlled. The choice of the most appropriate NSAID 

should be based on both efficacy and safety, 

Until relatively recently, little justification exisled for 
the selection of one NSAID over another for treatment of 


osteoarthritis in dogs, Approval of caiprofen or etodolac 
(mekvxicam in Canada) has, however, provided a realistic 
first-choice drug. If carprofen is not used* the basis for 
selection is tenuous. Aspirin probably remains the second 
drug of choice simply because it is a “known"; in countries 

in which ketoprofen is approved, it may be the second 

choice. For long-term use. ehnndropmtcction should also 

be considered. Caution is recommended with use of those 

drugs particularly likely to cause gastrointestinal upset (na¬ 
proxen. piroxicarok and doses should always begin low 
and be titrated upward to a clinically effective yet safe 

dose. The higher the dose and the older the animal, the 

more important cy [^protective drugs should be considered 

on a preventative basis These include sucralfate or miso¬ 
prostol Anti secretory drugs might also be considered and 
might be more cost effective. These drugs, however, only 
control gastric acid secretion and do not support the cyto- 
protecUve needs of the gastrointestinal mucosa, For acute 
conditions (or "flare-ups"), a reasonable approach might 

be the use of an NSAID for control of pain (and inflamma¬ 
tion j with the intent of discontinuing it as rapidly as possi¬ 
ble. Disease-modifying agents might be considered simul¬ 
taneously in order to decrease ihe amount of lime that an 
NSAID k necessary. Regardless id the recommetided dic¬ 
ing regimen, the regimen of any NSAID should be titrated 
down ior the interval prolonged) to establish the minimum 
effective dose necessary to control the animal's pain. Al¬ 
though doses can be increased, extreme caution is recom¬ 
mended when surpassing the recommended dose of even 

the “selective"* COX2-mhibiUng NSAID. 

Selection of an NSAID lor treatment o! osteoarthritis in 


cals is more difficult. Aspirin remains the drug of choice 
until comparative studies regarding the safety and efficacy 
of other NSAlDs for cats leg.* ketoprofen, caiprofcn, and 
flumxin meglumine) justify their preferred use in cats. 
Disease-modi tying agents also should he used in cats. 


NSAlDs should never be used in combination. Drug 
interactions (including competition for protein-binding 

sites ! are likely lo lead to an increased risk of gastrointesti¬ 
nal toxicity. In addition, despite some studies that might 
suggest otherwise IKietzrvuuut et aL I9%|. NSAlDs pmba- 
hk should not be combined with glucocorticoids. The use 
of glucocorticoids for the treatment of osteoarthritis is 
discussed in Chapter 17. In general, these drugs should not 

be used because of their chondrodextroctive effects* which 

are likely to occur at clinically used doses 


DISEASE-MODIFYING AGENTS: 
CHONDROPROTECTANTS 


A number of compounds arc able to modify the progression 
of osteoarthritis, most commonly due to support of the 





help achieve the goats of pre¬ 
venting further degradation and providing support for the 


reparative 



Evidence exists that dearly supports 


the use of these products as sole nr adjuvant i hemps in ibe 

treatment of the damaged joint (see discussion of recom¬ 
mendations regarding the use of disease-modifying agents 
in the treatment of joint disease). 


Injectable Products 


Pol jbuI fuled (Ilyco$uminogjycans 


Efforts to treat osteoarthritis have focused on drugs that 
favorably shrfi the balance between degradation and syn¬ 
thesis of cartilage matrix Two compounds composed of 
polysulfated glycosaminoglycans {PGAGsi are available 
in the United States ojh! Canada: adequon and pentosan 
poly sulfate. Hyaluronic acid (Legend) is also a PGAG but 

differs in structure sufficiently to be addressed separately 
Because of similarities in structure, however, tfie disposi¬ 
tions of these drugs are similar, and their mechanisms of 
action often overlap, On the other hand, their role in the 

physiology and function of the joint are sufficiently differ¬ 
ent that combination therapy in the damaged joint might 
be considered. The use of these compounds often is consid¬ 
ered only for osteoarthritis, but in fact they should be 
considered for use regardless of the cause of joint 

trauma, immune-mediated diseases, septic or 

drug-induced damage* surgery (including prophylaxis)— 

and prophylaei really in the animal predisposed to joint 
damage because of conformation or intensive training. Be¬ 
cause PGAGs are responsible for normal functions in a 
variety or body tissues, their potential andiculions include 

disorders other than osteoarthritis (e.g, 
and glomerulonephritis). 





Chemistry 

Poly sul fated glycosuruinnglycan (adequank is & puly- 
menc chain of repeating units of hexo&aminc and hcviironic 
acid- Considered a h>persulfated compound, approximately 
14'# of the drug is vultatcd. It is extracted and purified 
from bovine tracheal tissues (White. I9H8). Normal carti¬ 
lage matrix is composed of proteoglycan complexes, col I a- 
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gen, and water. Side chains of glycosaminogjycaris (keratin 
and chondroilm) arc attached to the core protein of the 
proteoglycan molecule by a \tran<J of hvalu ornate (Fig. 

I 6-7 1 Water trapped i n between thesc comp]exes uccounts 

for the resiliency of cartilage, Pol ysu tinted glycosamino- 
gt yeans closely mimic the proteoglycan complexes found 
in normal articular cartilage, 


Pharmaciitogic Effects 

Pnlysulhited glycnsaminoglycaris appear to be chondm- 
protective in both m vitro and in vivo models. In vivo 

mode Is have included chemically and traumaitcally induced 
cartilage damage i Francis et al, 1989: Hannan el al., 1987). 
Cartilage degradation is retarded in the presence of PGAG. 

Although the mechanisms of these protective actions uic 

nm known, chondrocyte proliferation and matrix biosynthe¬ 
sis appear to be important (Hannan et af, 1987), Collagen. 

proteoglycan, and hyaluronic acid syntheses increase 
t Nethers et al. 1992), In addition, proteolytic enzymes 
such as collagenase (Halverson et al, 1987; Nethery et 
al* 1992 k leukocyte dastase (Rao et al. 1990). proteases 
(White. 1988: Monidiori el al.. 1990), and lysozomes are 

inhibited (Montefiori et al., 1990), although these actions 

are likely to be complex (Nethery et al. 1992). Comple¬ 
ment activity is also inhihited; the degree of inhibition 

appears to he related to the sulfate load of the chondmitm 

sulfate matrix fBiffoni and Paroli, 1991), Potysulfaled gly- 
coarrunoglyeans appear to hav e no effect on the ability of 
JL-I to stimulate metalloproteinase activity in cartilage 
( Arsenis ami McDonnell, 1989), 


Disposition and Safety 

Deposition of PC AO in normal and damaged cartilage 
has been demonstrated after parenteral administration. 
Drug that is not retained in cartilage is excreted primarily 
by the kidneys with minimal degradation of the the parent 


compound. Toxicity is limited in all species studied. In 
dogs, the LD» is 1000 mgfkg (White. 1988). Heparin and 
PGAG are chemically similar, Adverse effects related to 
the anticoagulant activity of PGAG have been suggested. 
One study found coagulation times to be prolonged after 
administration. This suggests that PGAGs should not be 
administered al the time surrounding a surgical proccdure. 

Heparin-associated thrombocytopenia, a presumed immu¬ 
nological I y mediated decrease in circulating platelet num¬ 
bers, has been reported in human patients receiving PGAG 
(Greinacher et al, 1992), 


Clinical t'se 


AJeqium lui* been approved for use in dogs for the 

treatment of osteoarthritis. The drug might, however, be 
considered in any situation in which the joint has been or 

will be injured. This includes trauma, elective surgical 
procedures, and arthritis associated with immune-mediated 

or infectious conditions. Additionally, PGAGs should he 
considered in conjunction with NSAlDs for their chondro- 
protective effects as well as with the intent to potentially 
discontinue the NS AID, Disease-modifying agents includ¬ 
ing PGAG or its precursors (see later discussion of nutra- 
ceuticals) might also be considered as "preventive" ther¬ 
apy in ammaK ihat are likely to develop osteoarthritis for 

whatever reasons, including eon format ion problems. Use 
of these drugs before clinical signs of osteoarthritis develop 
is likely to offset the time to the need for NSAlDs. In 
patients with osteoarthritis, the time to clinical response is 
likely to be directly related to the severity of disease. 

Treatment that is begun before the joint is markedly dam¬ 
aged is more likely to be successful. Care might be indi¬ 
cated for patients receiving aspinn and PGAGs because of 
the potential for increased bleeding times. Coagulation 
times are prolonged only after li large dose, and peak effect 

occurs at approximately 7 hours after treatment. Surgical 
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candidates probably should not be treated with mkquan on 
the day of surgery. 

Pen.! nuum Polysu Ifair 

Pentosan poly sulfate (PPS) m isolated from beech wood 
he ill ice! Lu ! ose and synthetically modified by adding sulfates 
to ks repeating units of xylanpyranoses fhas, unlike ade- 
quaii, it is not derived from animal sources. It is available 
as an injectable product, and an oral product has been 

racentiy approved in the United Slates for people with 
interstitial cystitis, a syndrome that may reflect a quantita¬ 
tive and qualitative defect in bladder mucosal glycosami- 
nog)years (Jcpsen ct oL IWI Barrington and StephenMiq t 
I99 ? 1 Response of intersmi il cystitis (based on resolution 
of pain) ranges from 6 to 2U'i In Europe. PPS is used to 
treat thrombosis and hyperlipidemia^ w iih application for 
treatment of osieounluitis being only recent, li may iin 
prove subchondral and synovial membrane blood flow. In 

addition, it modulates cytokine actions, stimulates hyalur¬ 
onic acid synthesis, ami maintains PGAG content in joints 
(Nethery et al„ 1992: GIkkIi and Hutadilok, 1996). When 
PPS was administered intramuscularly (2 mg/kg once 

weekly) in a model of osleoarthrilis in dogs. cartilage 
damage was significantly decreased. In a double-blind clin¬ 
ical trial in 41) dogs, after 3 mg/kg intramuscularly per 
week, lameness, bod) condition, pain oil joint manipula 

lion, and willingness to exercise were improved at i weeks 

(Read ct ill., 1996). An oral dose has not beer established 
for dx>gv The drug appears lo be sale, bul like other 
PGAG dike compounds, it appears to prolong clotting times 
and may cause thrombocytopenia. The use of this product 

for syndromes other than osteoarthritis in hurcvum tine hid¬ 
ing inteibtitial cystitis, thrombosis, and so forth) potentially 
might lead to similar uses in animals. For example, a 

study of mouse mesangial cells found that PPS decreased 
proliferation and net extracellular matrix production, mech¬ 
anisms that may explain its apparent ability lo slow ihe 
progression ol glomerular sclerosis (Elliot et al„ 1W; 
Striker et al.. 1997). Pentosan poly suit ale inhibits calcium 
oxalate crystallisation in vitro (Scnthil and Mat ini. I99K) 
and is being studied for possible use m vivo The com¬ 
pound is being studied for its apparently clinically benefi¬ 
cial effects for the treatment of A EDS-related Kaposi’s 
sarcoma in human patients (Schwalsmann et al, t 1996) 

Hyaluronic Add 

Hyaluronic add is a lineal polydisaccharide (glucuronic 
acid combined with glucosamine) ihat is an essential com¬ 
ponent of synovial fluid, where it is chemically linked to 
proteoglycans in articular cartilage. As such, it helps lo 
form large, aggregating proteoglycans in articular cartilage 

■ PinaR 1992), Its nvxic of action is not certain, but it is 
assumed lo function as a lubricant by increasing viscosity 
uf synovial fluid It may also act as an anti-inflammatory. 

Studies m horses support ils efficacy in the treatment of 
osteoarthritis, After intra-articular injection, the drug per¬ 
sists in joints for several days. The drug also has been 
given intravenously; the half-life in horses is % hours, but 

the drug has not been studied in dogs. Hyaluronic at:id 
exists in variable molecular weights. High-molecular- 


weight hyaluronic acid inhibits phagocytosis, lymphocyte 

mi gran on. and synovial permeability and stimulates hyal¬ 
uronic acid synthesis (Tobin* 1979). Prior treatment with 
glucocorticosteroids or bony changes limits response. Hy¬ 
aluronic acid appear* to be very safe; side effects tend to 
be associated with administration of the drug The drug 
has been used with variable success aftet imra-arikular 
injection in horses (Asheiiti and Lindblad, 1976) and dogs 

(Campos, 1998). 



Veterinary NutraceuticaJj* 

The use of oral disease-modifying agents (slow-acting dis¬ 
ease-modifying agents: Anderson, 1999a. b) for ihe treat 

mem of damaged joints remains controversial but is becom¬ 
ing increasingly accepted. Currently, with the exception of 
oral PPS, these products can be classified ax veterinary 

mitraceutieals (Anderson. 1999a. b: Boothe. 1997a. b). 
("he North American Veterinary Nutraceulical Council has 
defined a veterinary nutraceulical as "a | non-drug | sub¬ 
stance which is produced in a purified oi extracted form 
and administered orally to a patient to provide agents 
required for normal body structure and function and admin¬ 
istered with the intent of improving thy health and well- 

being of animals (Boothe 1997a, bj.‘* 

It is important to note that these products fall under no 
regulatory agency, and as such neither safety itor efficacy 
has necessarily been documented before they were mar¬ 
keted. Those companies that provide efficacy and safety 
data have done so voluntarily, suggesting a level of credi¬ 
bility that max not be present with “me .rlvi" products. An 
exception occurs for those state- that follow the American 

A s soc i at i on o f be ed C o m p my Qrg a n iza i i o n (A A F CO) 
guidelines lor slate marketing of products added to feeds 
Because these compounds do not fall under the definition 
ot food or drugs as defined by the Food and Drug Act 
AAFCO considers them to be feed nr feed additives and 
thus under their jurisdiction, AAFCO is presently generat¬ 
ing guidelines regarding the side of veterinary nulroceuli- 

caK. and stale regulations will vary until that time, The 
Center for Veterinary Medicine currently does not plan lo 
regulate these products, nor does it play to apply regula¬ 
tions for human dietary supplements lai defined by the 
Dietary Supplement Health and Education Act of 1994) to 
veterinary products. Regardless of die- rcgulamfy status of 

veterinary products, until the Hi A implements regulatory 

guidelines for human products, human producis can be 
accessed by pet owners through health, food and other 
stores. However, for both human and veterinary products. 

neither safety nor efficacy should be assumed, 

C’urrentlfy, the label of a nutra.eeiideal (or any) product 

cannot contain terminology that implies a therapeutic in¬ 
tent The inclusion of a medical claim (nr correction o! a 
medical deficiency) without the presence of an FDA new 
animal drug approval (NADAl number on the label indi¬ 
cates that the product is an unapproved drug The lack of 
an NADA suggests that efficacy and safety studies or the 

compound are probably not available (Boothe, 1997a. b); 
however* some manufacturers will assume a proactive role 
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in establishing the efficacy of these compounds. The FDA 
may not regulate products with a medical claim but no 

NADA simply because its limited resources may be re¬ 
served for more important issues. Unfortunately, clients 
may not realize the lack of regulation of these products, 
and counseling by veierimuian* may be important 

(In the other hand, the lack nl efficacy data should mu 

lead to the classification of these compounds as "quack¬ 
ery, ' Establishing efficacy for thc*c produces may he very 

difficult because of the complex nature of their actions 

and the dependence of (heir actions on other endogenous 

molecules (Boothe, 1997b), Safety may be more easily 

established and should be established before the use of any 

of these products Harm may occur not only because of 

the compounds themselves bui also because of possible 

contaminants. Additional harm may occur if the client 

neglects traditional therapies in the belief that the nuiraceu- 

Ucal agent will be sufficiently effective. Studies sponsored 
by industry <ht academia for a number ol these products 

have provided evidence of efficacy. 

Several products have been used by many veterinarians 
or pel owners with evidence of benefit and minimal side 

effects (Anderson cl al. f 1999), Veterinarians should estab¬ 
lish whether the product has been manufactured according 
to good manufacturing practices- The label should include 
the exact amount of each active ingredient; label- that 
combine metric and apothecary systems may be intention¬ 
ally misleading because conclusions regarding product con¬ 
tent are more difficult to determine. Each product listed on 
the label should contain a specific dosage. Ilk* source of 

each compound should be' noted on the label, Note that 

products based nn whole body tissues (mussel’containing 

glycmaminoglycans) will lack milligram contents of spe¬ 
cific compounds (chondroitin sulfate). When individual 
[products are listed, the purity of the compounds is likely 

to vary among and within products. 'Hie slated purity may 

not be the actual purity, particularly if good manufacturing 
procedures are not followed Anderson (1999b) notes that 
70% of products analyzed for glucosamine and chondroitin 
sulfate did not meet the labeled claims. 

Nuimctutkal Disease-Modifying Agents 

Nutraceuiical products that target osteoarthritis contain var¬ 
ious forms of glycosaminoglycaits or their component parts 

(aggregates form proteoglycans, the major constituent of 

cartilage matrix), such as glucosamines or chondroitin sul 
rates, appear most promising for treatment ot osteoarthritis 
leased on studies that have supported their efficacy (Han¬ 
son. 1996; Hanson et ah. 1997; While et a)., 19%; Ander¬ 
son and Slater, 1997; Bucci, 1994; McNamara et ah, 1997; 
Phillipi, |999; McCarty, 1998; Barclay, 1998) and safety 
(McNamara et al., 1996). Presumably as precursor nutri 
ems, chondroitin sulfates, glucosamines, and. other ingredi¬ 
ents that comprise these will be extracted from the serum 
by chondrocytes and used to synthesize proteoglycans 

During periods in which cartilage degradation exceeds car¬ 
tilage formation, the need for precursor molecule* may 

exceed availability, and die repair process is inhibited. The 

availability of orally admiaistefed compounds not only 

increases the efficiency of the ability of the chondrocytes 

to repair damaged cartilage, a* -is evidenced by increased 


synthesis, but also Leaves less opportunity for formation of* 
i nappropriate molecules. 

GiticotaMirir 

Glucosamine is an amino sugar that appears to be im¬ 
portant in chondrocyte synthesis of PGAG. A deficiency 

of flic compound has been implicated as a cause of de¬ 
creased PGAG synthesis in early t>steoarthriUs, Alterna¬ 
tively. glucosamine also may stimulate synovial production 
of hyaluronic acid (McCarty, 1998 ). Iis liu* In the treatment 
nf osteoarthritis remains controversial despite in vitro and 
in vivo studies supporting its efficacy in improving lame¬ 
ness scores and mobility in human awl animal models of 
PJD Some of The controversy probably reflects poor de¬ 
sign of selected clinical trials (Barclay, 1998), After meta- 
analysis of studies on glucosamine, it can be concluded 
that, in humans, the compound is well absorbed after oral 
administration; first-pass metabolism due to incorporation 

into proteins reduced oral bioavailability to 2b% (Barclay, 
1998). Unbound glucosamine is incorporated into articular 
cartilage. 

Several glucosamine salts are available, including sul¬ 
fate. hydrochloride, and hydmiodide All appear to be 
equally well absorbed and equally effective {Bucci, 1994k 
although one in vitro study suggests that the jV-acetyl 'Salt 
may be less efficacious. Glucosamine sulfate kinetics has 
been studied in dogs (Seinilrar el ul. t 1984). After oral 

administration, absorption was rapid and nearly complete 
(87%}. The compound is bound s by the liver) to plasma 
globulins. In humans a dose of 1 g daily has been recom¬ 
mended. (jalitclovamiiK; salts {also found .in PGAGs) am) 
glucuronide salts do mot appear to be effective in damaged 
joints (Bwci I994 )l 

Ck&ndfwiim Suifoit 

Chondroitin sulfates arc glycosaminoglycans (repeating 
units of galactosamine sulfate and glucuronic acid) that can 
be found in many tissues (Fig. 16-ftk In cartilage matrix, 
they bind to and support collagen. Differences in molecular 

weight result in s ariable oral bioavailability. Chondroilin 4- 

suJfaie k mammalian in origin, and it is the most abundant 
chondroitin in growing mammalian cartilage With age. 

chondrocyte secretion of chondroilin 4 sulfate may decline, 

contributing to the initiation of DJD, Chondroitin 6 sulfate 
is derived from shark cartilage and conceptually may be 

less ideal than chondroitin 4-sulfate. Chondroitin sulfates 
appear not only to increase synthesis of PGAGs bui also 
to compel!lively inhibit the actions of meialloproteasex in 
cartilage matrix. They have a variety of other in vitro and 
in viw effects on cartilage. In humans (dosed at l to l_5 
g/dro ). they decrease the need for NSAJDv 

Despite its large molecular size, 70% of chondroitin 
sulfate is absorbed in various sizes ranging from intact 
chains to monomer subunits after oral administration. The 
presence of chortdroiiinoses found in carnivorous and om¬ 
nivorous animals bis been postulated as the reason for 
absorption (Bucci, 1994| In dogs, oral chondroitin in¬ 
creases serum glycosamincrglycans. Because of its ubiqui¬ 
tous location in the body, indications other than joint dis¬ 
ease should be. considered for chondroitin sulfates. 
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including cardiova-scular discuses associated with rhrembo- 
gencsi> and indications previously noted for PPS. Attention 
should he paid to tine source of cbondroitm sulfates in 
nutraceuiicals. Purified prcpanEion.s are expensive* but the 
amount of chondiuilin in whole animal tissues (mussel* 
shark cartilage sea aicumhcr. or sea a gae) cannot be 
determined front the label. B-iaavuiJ ability of the chondrot- 
titi sulfates in such prodUCU as not known. 

MisetUanetnts 

Variable other ingredients can he found in oral nut race u- 
lical compounds intended for the treatment of osteoarthritis. 
Manganese is found in some oral disease- modifying 
agenis 11 i s an esse nli a I trace e Ic me it and cufac lor for the 

synthesis of glycosaminoglycaris. Ascorbic acid, a compo¬ 
nent of Cosequin* a veterinary disease-modifying agent 
(and its human counterpart. Cosaminci is a reducing agent 
for enzymes that forun residues important for fibril forma¬ 
tion and cross-linkage of collagen fibers fm the articular 
cartilage, foitu capsule, tendons. ligaments. and bone. In 
addition to combined products of pure ingredients, several 

products composed of cartilage or mucopolysaccharide 
mixtures are available. Shark cartilage has a low percentage 

of glycosaminog])cans. Although a tew unectndal reports 
may support its efficacy, scientific support is not available. 
Perna mussel is a reported yet undocumented source of 
glycosamitbogycuus; listed constituents include fats, pro¬ 
teins, amino acids, enzymes, and carbohydrates. 

The therapeutic use of these compounds is just heing 
established!. Although evidence of efficacy of combination 
products has been lacking (Kelly, 1998 J. scientific studies 

using jtiimal models and spontaneous causes of osieoarthri 
tis in dogs arc increasingly supporting their use in osteoar¬ 
thritis lPig 16-9i Anderson (1999s., b) has reviewed und¬ 
ies supporting both the efficacy and safety of combination 
products in dogs and cats. 

The compound^ might he considered as “follow-up” for 
patients (hut have responded to PGAGs. Ai wiih injectable 

PCiAG agems however they should he considered lot any 


condition in which joint damage is suspected or anticipated, 
including trauma, overuse* surgery, or infections or im¬ 
mune mediated causes, Combination therapy with various 

products iincluding NSAlDsj should be considered. Be 
cause a number of these products might protect against 
NS AID’ induced ehnndrodest ruction, combined use of 
PCiAGs oi Cosequin or similar products should be consid¬ 
ered, The use of combinations that provide different mecha¬ 
nisms of action (or different targets of supplementation) 

should also be’ considered Finally, these products might be 
used before the onset of clinical signs (or radiographic 

evidence) of osteoarthritis in patients predisposed to de¬ 
velop orthopedic maladies. 

S-Adtrn rtyltMihivwm- 

5 AdenosyI methionine (SAMe) also is a nutiaccuticii 
product, but. unlike the previously discussed products, its 
mechanism for treatment of OA is less dear and probably 

reflects anti-inllammatory effects, It is synthesized in the 
body from methionine and is responsible for a number of 
biologic reactions, serving as a methyl donor. In the joint, 

i 1 may suet to trait su! fate glycosa mi nog! yeans, Its precursor 
(methionine) cannot be administered during stales of defi¬ 
ciency without avoiding toxicity The product must be 
prepared as a salt because ii is unstable; it is extremely 
hygroscopic, and the tablet cannoi be broken without Loss 
of efficacy. In humor clinical trials (controlled and urtcun- 
trollcd), SAMe has improved lameness scores and mobility. 
In x itro studies suggest that SAMe increases proteoglycan 
synthesis as well as protecting the cartilage (Anderson* 

1999a). 'This is being itudied in dogs. The human dose is 
MM) mg/iky for the first 2 weeks followed by 400 mg/day 
Clinical response may ttot be evident for 1 pi 2 monihs. 




INFLAMMATORY 



Qrg otmtl 


Orgotem, or superoxide dismutase. is a copper- and zinc- 
containing mctolloprotein that can be an effective anti- 
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inflammatory, As an endogenous intracellular en/yme, il 
occurs at very low concentrations in many l issuer, but 
particularly the liver, when? it scavenges iis sue-damaging 

oxygen radicals, Phagocytic cells (neutrophils and macro 
phages) generate large amounts of cytotoxic siipcruxidcs 
during the inflammatory process Among the radicals ap¬ 
parently scavenged h> orgolein is pcro\ynitnk\ a long- 
lasting radical lhai can contribute to chondrocyte death 
l Anderson, 1999a) 3 lie half-life of phagocytic cells is 

prolonged in the presence of superoxide dbmuta.se (Salin 

and McCord, 1975; Tobin, 19791 Approximately 2 to 6 
weeks of therapy may bo required before therapeutic bene- 
lits are realized. 

Oigotein is characterized by a wide margin of safety, 
w ith the lethal dose being over 40,(100 times ihe therapeutic 
dose. As a large molecule, efficacy via any route other than 
intra-articular is questionable due to poor absorption. The 

drug has* however* also been administered clinically both 

intramuscularly and orally I Breshesirs ce al.. 1974), Absorp¬ 
tion of the oral preparation has not been documented 
Molecular size limits renal elimination of the drug. After 
inira-articular administration, orgotein was 94<£ effective 
in horses lame for less than 2 months compared with 

only 40 £ jf in horses lame for longer than 3 months before 
treatment (Ahlcngard cl ah. I97N). The use of orgotetn in 
combination with disease-modifying agents is a rational 


approach for control of inflammation; however* other anti¬ 
inflammatories may be necessary to effectively control 

inflammation. 


Dimeihylsutfoxide 


DimethyNultoxide (DMSOi is a hygroscopic solvent de¬ 
rived from wocxl pulp. It is used as a drug vehicle because 

to dissolve drugs not soluble in water. Because 
of its discreet Chemical characteristics, DMSO is variably 

categorized (Brayion* 198b; Alsup, 1984). 



Pha rmacofogic TfTecLs 

As an utiti-i nil a minatory, DMSO is a scavenger of free 

oxygen radicals, Anti-inllammaiory effects have been re^ 
ported in acute musculoskeletal injuries and central nervous 
inflammatory processes and after trauma (Wong and Rein- 

ertson. 1984; Spilzer, 1991). Chronic diseases are less 
responsive U> the anti-inflammatory effects of DMSO* 1m- 

mu no modulation may be responsible for some of the anti¬ 
inflammatory effects of DMSO- The drug inhibits white 
blood cell migration and antibody production, Hbrohlasi 
proliferation is also inhibited The analgesic effect! of 
DMSO have been compared with (hose of narcotic analgc- 
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sics. Analgesia has been reported in a variety of situations, 
including acute ( aki chronic musculoskeletal disorders aiki 
postoperative pacn. Although nerve blockade has been re 

ported in vitro, it is unlikely that concentrations occur in 
vivo .sufficient u> effect (hss response. Opiate receptors also 
do not seem 10 be involved. Other pharmacologic effects 
include inhibition or stimulation of enzymes, vasodilation 
(due u> histamine release;, inhibition of platelet aggrega¬ 
tion, radiopnrtection, cry opre nervation. and antimicrobial 
l, antifungal* hacterml, and viral I activity I Wong and Rein- 

ertsun.. 1984. Bray tun, I 9X6). Diuresis incurs alter lopicnl. 

oral, or parenteral administation, probably due to its hy¬ 
groscopic nature and ability to poll water into the tubules. 
Diineihylsulloxidc O.U mg/kg in solution) has been 
reported h> protect the kidneys against ischemic insults A 
sedative effect has also been reported in several species 

£ B ra > ton, 19861. 


Disposition 

After oral administration of L g/kg, peak plasma drug 
concentrations -occur within 4 to 6 hours, and detectable 

levels persist in the plasma Ibr 400 hours (Wong and 
Reineftson, 19841. Within 20 minutes of topical applica¬ 
tion, DMSO penetrates the skin and can be detected in all 
organs of The body (Bravura, 1986), Peak plasma drug 

concentrations occur 2 hours alter topical adm ini strati or 
{Wong and Rcinertson, 1984), Its ability to penetrate the 
'.kin is believed k> reflect exchange arid interchange with 
w .uer in biologic membranes Mucous membranes, lipid 
membranes of cells and organelles* ami the blood-brain 
barrier are similarly penetrated without irreversible mem 
brane damage r Bray ton. 1986). Tooth enamel and keratin 
appear to be the only tissues that DMSO does not penetrate 
(Won g and Re inert son, 19841. t >i methy Isu I fox i de t aci 1i fates 

penetration of other substances across membranes; cilia ne¬ 
ons penetration of steroids, sulfadiazine. phenylbutazone, 
and other drugs has been doomenied iBrayton. 1986 
Alsup, 1984 1 Enhanced absorption of therapeutic drugs 
can load to toxicity, particularly for anesthetic, cardioactive, 
and anticholinesterase drugs. 

Dimethylsulfoxide is pan<ally metabolized by hepatic 

microsomal enzymes (Bruyton, 19861, hul the primary 

route of elimination appears to be in the urine as the 
parent compound (Wong and Reincrisoru 1984c Although 
a significant amount erf DMSO may he eliminated in the 

bile, most undergoes entcrobcpatic circulation (Wong arid 
Reinenson, 1984J, Hepatic metabolism of a small amount 
of DM SO M to 6*i) to dimethy hul fide and subsequent 

pulnoonary excretion of tills metabolite accounts for the 

halitmin that *incurs regardless ol the route of administra 

tkm iWung ami Re inert mu*, 1984;, 


Adverse Effects 

DimethyKulfoxidc is characterized by a large safety noar 
gm. Signs associated with neat lethal IV doses include 
sedation, diuresis, intravascular hemolysis, and hematuria 
Death is preceded by hypotension, prostration, convulsions, 
and respiratory distress characterized by dyspnea, tachyp¬ 
nea* and pulmonary edema. Phlebitis and venous obstruc¬ 
tion may occur with IV dosing. Intravascular hemolysis is 


concentration and rate dependent, and concert tralions less 
thiui I09f. are recommended for IV administration. Susccp- 
tibilily to hemolysis will vary with species due to differ¬ 
ences in erythrocyte fragility Nephrotoxicity has been re¬ 
ported in some species. Necropsy lesions include 

hematuria, hemoglobinuria, and mild tubular nephrosis. 

Chronic toxicity studies in laboratory animals have docu¬ 
mented hcpatotoxicit) which may be due to its metabolism 
by the liver to toxic metabolites. Dimethyl sulfoxide may 
also enhance hepauuox icily of other drugs as well as be- 

patic binding and metabolism of elected carcinogens, 
Teratogenicity has also been reported in some animals 
Ocular loxicit) occurs with daily long-term administration 
iiiid develops more rapidly in young animals. Lesions occur 
in the lens and appear as altered lueency. making animals 
myopic.. Histologic abnormalities are ikx apparent. Such a 

response was reported in one horse that received 0.6 g Ag 
daily cutaneous!y for 2 months, Skin reactions are com¬ 
mon, particularly at higher concentrations, and are mani¬ 
fested as erythema, warmth, and local vasodilation. A 
wheal and flare response and pruritus may also occur 
Repealed application may result in drying and desquama¬ 
tion of the epithelium 1 Bray ion. 1986). 

C linical Use 

Dimethylsulf oxide is approved for topical application in 
horses suffering from acute swelling due to trauma and in 
the treatment of acute or chmiuc oiitisi. In humans, DMSO 
IS approved for intersdiial eysLitis. Although not approved, 
DMSO lias been recommended lor therapy id male cuts 
suffering from urinary tract obstruction (Brayton, 1986). 

Other reported applications of DMSO include facilitation 
of healing of skin wounds (including habmnemiasta of 
horses>, acral lick dermatilk in dogs, postoperative fibrous., 
adhesions, acute CNS trauma in flam mat ion, edema or 
ischemia, intervertebral disk disease,, fibrocartilaginous cm 
hull ration. ischemic insults, postoperative myitis, rheu- 
matk diseases, myasthenia gravis, and chronic musculo¬ 
skeletal conditions. Di methy I su I foxidc also inhibits alcohol 
dehydrogenase and thus has been recommended for the 
treatment of ethylene glycol toxicity Bray ton. 1986; 

Methylsulfotiy I me t h u m 

MethylsulfonyI methane is a naturally occurring metabolite 
of DMSO that has also received attention as a food additive 
for control of musculoskeletal inflammation. Few- data are 
available to support the use of this compound for therapy 

of osteoarthritis 


Pentoxifylline 

Pentoxifylline is a mcthybunthioc dcrivmivt of iheolwo- 

mine with minimal bronebodiIator activity but with dim 

tally apparenl rheologic effects iSeratin, 19961. It is used 
to treat human patients with daudRation associated w ith 
chronic occlusive arterial disease. Mechanisms do not in¬ 
clude va-sodilalion or cardiac -ri mu Jalory effects. Its rheo¬ 
logic effects appear to reflect increased flexibility of red 
blood cells and reduced blood viscosity (Ambrus et aL 
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1990), Its disposition is complex. with hepatic metabolism 
to ut least seven metabolites, two of which (I and V) art 
responsible for most of die pharmacologic effects (Ambrus 
d ak, 1995) The drug has been used to treat collie, derma- 
tomyositis (Chapter 5J i. Animals benefit from both the 

rheologic effects and the apparent ami-inflammatory effects 

oi this drug. Pentoxifylline inhibits The complement cas¬ 
cade, neutrophil adherence, and cytokine production. 

In human patients, inflammatory conditions for which 
pcmmtifylline has been used have included contact derma¬ 
titis. systemic vavculilts, and sepsis syndromes (Seralin, 
1996). The disposition of the drug has been studied in 

normal dogs (Rees. 1999). After a dose of 30 mg/kg oral 
and R mg/kg IV <n m 5 dogs), pentoxifylline and its 
metabolites are characterized by an elimination half-life of 
125 192 and 450 533 minutes, respectively, sug 

getting slow absorption. Peak concentrations were 41 t 
46 and 40 ± 12 p.g/mL for IV and oral administration, 
respectively. Bunavailability was. 76 ± 789b, No side ef¬ 
fects occurred in any dog at this dose Although therapeutic 
concentrations have been recommended m humans, tins is 

based on the parent compound. However, therapeutic 
ranges should be bused m both the parent drug and its 
most active metabolites. The drug currently is being studied 
in the treatment of collie dermatomyosifis. 


USE OF MODULATORS OF INFLAMMATION IN 

OF 






SYSTEM TRAUMA 


A number of drugs that modulate the inflammatory re¬ 
sponse have been studied for their effect in the patient 
suffering from shock, particularly that associated with the 
release of bacterial toxins such as endotoxin (septic shock). 

HecaWM? of the my gen radical ^avenging ability of some 

uf these drugs, studies have also focused on their use for 
treatment of damage to the CN'S, 



The lipu: A component of lipopolysaccharide (LFSL 
endotoxin, found on tire surface of gram-negative nrgan- 
imus is a highly conserved riMdecule responsible for the 
sequelae of endotoxic shock. The manifestation begins as 
endotoxin released from dying gram-negative organisms 
interacts with receptors on cell of the hosts defense system 

macrophages, neutrophils, platelets, and lymphocytes. En¬ 
dotoxin also directly interacts with vascular endothelial 
cells, In respnnse. cells either release the mediator* of 
endotuxit sfrick or render other cells niore reactive to 

cellular signals and subsequent mediator release. Mediators 

ot endocoxic shock are grouped m cytokines, lipid media 
tors, or secondary mediators (Olson ct aJL 1995; Whittle, 
1995). Cytokines arc small polypeptides released from in¬ 
flammatory cells, especially macrophages. Tumor necrosis 
factor and IL-1 are the two cytokines that appear to be 
primarily responsible lor the cascade of endotoxemia (see 
I ig. 10-3) Tlior effects in turn are often mediated by 
nitric oxide. Lipid mediators are derived from AA, located 

til the phospholipids of cell membranes, particularly those 


of neutrophils, platelets, vascular endothelium, arid vascu¬ 
lar smooth muscle. Examples include prostaglandin* i in¬ 
cluding thromboxane), Leukotricnes and platelet-activating 

factor, 

Both cytokines and the lipid mediators act as signaling 
mechanisms between inflammatory cells, platelets, and the 
vascular endothelium through negative and positive feed 
back mechanisms. When the positive feedback loops over 
whelm the negative feedback loops, the pathophysiology 
of cndnioxic shock becomes a clinical reality. The patho¬ 
physiology reflects, in gnirt, the direct effects of endotoxin 
(e.g,, it directs activation of Hageman factor and cample- 
mem components) and the combined or individual effects 
of the mediators. Secondary mediators (such as histamine, 
serotonin, vasopressin, angiotensin II, catecholamines, and 
opii ids) are released m response to cytokines and lipid 
mediators, resulting iti the general signs of endotnxic 

shock. 

Changes in peripheral vasculature (i.e., constriction and 
dilation), activation of clotting factors, and vascular endo¬ 
thelial damage occur. The clinical signs associated with 
each stage of shock depend on the mediators released 

during that stage and vary among species, ‘The: ■complex 
interactions of these mediators, however, if allowed to 
progress, can result in multiple organ failure in .any species 
simply because of the cumulative effects of hypoxia: oxy¬ 
gen radical, lysosomal enzymes, thrombosis, ami metabolic 

derangements Drug therapy is most likely to fee* successful 
when initialed early during the count of endoloxRr shock. 
A number of steroidal compounds have been studied for 
their efficacy (Howe, 1998k 









Lipid peroxide formation is the result of free radical- 
mediated cell and tissue injury caused by lipid peroxides 
within cell membranes and organelles. Both structure and 
function of the membranes and organelles are disrupted by 
lipid peroxide formation. Lipid peroxidation Isa potentially 
geometrically progressing reaction that spreads over the 
surface of cell membranes, impairing phospholipid-depen¬ 
dent enzymes, ionic gradients across the cell membrane, 
and. if sufficiently severe, membrane lysis (Fig, 16-10), Its 

importance^ along with the generation of oxygen radicals, 
is evident early in the pathophysiology of CMS trauma. 
Lipid peroxidation is only one of several sources of oxygen 
radial formation; other sources include the AA cascade, 

catecholamine oxidation, mitochondrial "leak,' 1 oxidation 

of extra vacated hemoglobin, and. as the inflammatory 
process proceeds, infiltrating neutrophils. 

Lipid peroxidation is initiated by a reactive oxygen 

molecule. Alter CNS trauma, the generation of oxygen 
radicals during the normal reduction of oxygen overwhelms 
normal control mechanisms. Xanthine/xanthine oxidase, 
prostaglandin synthetase, and other mechanisms result in 
supcroxide anion formation. Although superoxide anion is 
not in and of itself very reactive, si becomes more so by 

accepting a proton T thereby becoming more able to pene¬ 
trate cell membranes. Other sources of superoxidc anion 

include catecholamines: ascorbic acid and glutathione act 
to inhibit superoxide anion, 'The superoxidc anion can also 
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Figure 164(1. Lipid pd too dm ion of cell rikrin- 
hrufic* rrfkvtv & cascade of evmli fh(M to pi it* 
with i*-um(o^ damage- Oxygen radical fonna- 
non i* pucntuled m the pmeacc (if imn and 
inhibited hy endogenous pitWclantu such n 
•»upcf\r\ndc dhrautue (SOD. mtncli converts the 

supenmdr radical to hydrogen peroxide) nod os- 
iJik. C’alcilwlaminc release con contrikuc to 
damage, the jtnisU of I he radical* to move Jlwhj 
the cell mrmhfdnc v- 1,u il Haled by the fluidify of 
ihe membrane. t’aLeuim i nil ha accompanying cel] 
membrsv damage comtn buttes to the focnuiinn 
ml invhvkmK' ivid mcmh4i(c* and suhse^ueni 

inftjimrrwHto*! AA = ararhutmc iad: CNS = 

cefttml nervous system: RAF’ - pUiclef activat¬ 
ing factor. 
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become more dangerous by conversion via superoxide dis- 

mutasc to hydrogen peroxide. Inflammatory cells are an 

important source of hydrogen peroxide, as is degradation 
til monoamine* mediated by monoamine oxidase. Mito¬ 
chondria contain high concentrations of *u peroxide dismu- 
tasc. Although hydrogen peroxide also is. not very damag¬ 
ing to tissue*, it cun easily penetrute cell mcmbnuie& unless 
destroyed first by catalase. In the cell membrane, hydrogen 

peroxide interacts with iron to yield the highly reactive 
hydroxyl radical. 

Normally, the conversion of oxygen to water is well 
con (rolled by the presence of superox ide dismuiuse, cata¬ 
lase, mid endogenous antioxidants, with vitamin F being 
one of the most important membrane-bound antioxidants. 
After CNS trauma, norma] control mechanisms are lost. 


and lipid peroxidase formation begins. Iron plays a crucial 
role in this process. Free iron released from hemoglobin, 

transferrin, or ferritin in the presence of a lowered tissue 

pH or oxygen radicals catalyzes radical-initiated peroxida¬ 


tion f^ee Fig. 16-10). Iron/oxygen complexes probably 
initiate lipid peroxidase formation; damage during ischemic 
injury from radicals will be affected by the amount and 
location of iron land copper) ions. Unfortunately, these 

ions become more available during injury. Acidosis, which 

often accompanies ischemia 1 anaerobic environment and 

lactic acidosis), increases the solubility of imn. Free cal¬ 
cium released during the injury stimulates phosopholipa.se 
A» and the AA cascade. Metabolites of AA arc important 
sources of reactive oxygen specks. Inflammatory vdls be¬ 
come an important source of continued A A metabolism. 


Decreased concentrations of vitamin E, ascorbic acid, and 

glutathione (induced by scavenging of oxygen radicals) 
predicate the occurrence of lipid peroxidation 

Drugs that Impair Lipid Mediators 

Nonsteroidal A mtf *inflammatory Drugs 

A number of NSAlDs have been studied for their ability 
10 block response lo mediators of endcHoxic shock. Jndo- 

methadn and ibuprofen have shown efficacy in human 

patients 1 Keitelhut el aJ„ 1987). Runixin meglumine has 
been studied in holies and dogs {Shuster et aJ.. 1997; 
Hardic et id., 1983), As with glucocorticoids, however, the 
effects of NSAlDs must be realized within the first 2 hours 
of the onset of endoioxie shock—that is, before mediators 
have been able to stimulate response. The use of NSAlDs 
may shunt A A substrate to the lipoxygenase pathway, 

which may cause detrimental effects. Thus, drugs that 
impair both arms of the A A cascade may prove more 
useful. The efficacy of ketoprufen, an NS A ID that appear* 
to inhibit both prostaglandins and leukotrienes, has been 
shown £0 ameliorate many of the effects of endotoxin 

infusion (Sigurdston and Youssef. IW). The combined 
use of NSAlDs with leukotriene antagonists apparently has 
not been reported in emJotoxic shock, Prolonged therapy 
w ilh NSAlDs should he avoided because of toxic effects. 

Allhough gastrointestinal toxicity is I he major concern in 
most animals, the patient suffering from cndtHoxic shock 
may be more predisposed. 
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Gtueocarfur&uk 

Glucocorticoids are discussed in Chapter 17. Glucocorti¬ 
coids inhibit the enzyme phn*phuIipose A> arid (he release 
of TNI' and IL-2 from activated macrophage* (Boumpa* d 
aL. 1993). Glucocorticoids also alter synthesis of and bio¬ 
logic respond- to collage nase, lipase, and plasminogen act - 
vator, The immunosuppressive actions of glue, •conkands 
arc more pronounced on the cel hilar arm than the humoral 

arm of the immune system. Glucocorticoids have minimal 
effects on plasma immunoglobulin concern rations„ hut can 
modulate immunoglobulin function Imniunosupprcssive 
actions of glucocorticoids, like their anti “inflammatory ac¬ 
tions, involve disruption of intercellular communication of 
leukocytes via interference with lympbokme production 
and biologic action Glucocorticoids block the effects of 

macrophage-inhibiting factor and i nterfeion-y (IFN-y) on 
macrophages. IFN-y, which o released from activated f 
cells, play* m important role in facilitating antigen pro¬ 
cessing by macrophages, Glucocorticoids inhibit the syn¬ 
thesis and release of IL-I b\ macrophages, thereby sup¬ 
pressing die activation of F cells. Glucocorticoids also 
inhibit IL 2 synthesis b> activated T cells. Interleukin 2 
plays a critical role in amplified ion of cell-mediated immu¬ 
nity Additionally, glucocorticoids suppress the bactericidal 
and fungicidal action* of macrophage* 


Septic Shock fcxperi menial models of septic shock 

have shown glucocorticoids to be of benefit if administered 

before or concurrently with endotoxin administration—that 

■ 

is, w ithin the first 2 hours. In canine models, severe mesen¬ 
teric vasoconstriction within the first 15 minutes can lead 
to irreversible shock. Thus, it is important to note that 
glucocorticoids provided no bene lie iaJ effects when they 

were administered .Hi U> 60 minutes after administration of 

the endotoxin (linicaliy. the likelihood of knowing the 
time of onset of cndotoxemia of sepsis is extremely low. 
Rapid-acting, water-soluble agent* such as dexamethasotte 
sodium phosphate i4 to 8 mg/kg, IV), prednisolone sodium 
suit male or sodium phosphate 130 mg/kg, IV). or methyl- 

prednisolone sodium succinate!30 mg/kg, IV j are preferred 
if glucocorticoids are to he used. Shock doses of glut ueortj- 
eoids are 5 to i0 lime* I he immunosuppressive dose. Glu¬ 
cocorticoid* should mu be used indiscriminately for treat¬ 
ment of septic shock. In human patient*, their use is 
eonuoversiaL with no improvement in survival in some 
studies ( Bone et aJ., 1987) (see Chapter 17), Indeed, mor¬ 
tal ity was greater in one study, presumably due to immuno¬ 
suppression and secondary infection. 


Hemorrhagic Shock The u*e of glucocorticoids for 
treatment of hemorrhagic shock is controversial. Some 
studies in dog* suggest that dexameihasone sodium phos¬ 
phate (5 mg/kg. IV) may improve blood flow to the kid¬ 
ney*, lungs, and gastrointestinal tract. Other supportive 
measure*, particularly aggressive fluid Therapy, must also 
be instituted. Appropriate Thud replacement therapy will 
ensure adequate drag distribution to target Tissue*. 


Oxygen Radical Scavengers In the Iasi decade*, a ncu- 
roprertcctivc role bo* been recognized for select glucocorti¬ 
coids and, most notably, methyl prednisolone, Interest 


stemmed from the observation that the ability to inhibit 
CNS lipid peroxidation and influence other pathophysio¬ 
logic processes strongly correlated with neurologic recov¬ 
ery. More recently, the itcuroproicciivc effects have been 
separated from the glucocorticoid activity by the discovery 
of nonglucocorticoid steroids that ore able to equal or 
surpass the antioxidant effects of methyl prednisolone (see 

later discussion of liZftrtudc). 

In a feline model of spinal injury, methylprcdmsolonc 
30 mg/kgj attenuates po^-tioumauc lipid peroxidation, In 

addition, and perhaps because of the inhibitory effect on 

lipid peroxidation, mcihylprednjsokme also supports en¬ 
ergy metabolism, reduces or prevents post-traumatic ische¬ 
mia and neurofi lament degradation, reduces i nlracd tular 
calcium accumulation (resulting in the A A cascade), and 
inhibits vasoactive prostaglandins (PGF;* and thrombox¬ 
ane) la addition, like other steroids, jnethylprednisokirtc 
may increase spinal neuronal excitability, which may jIso 
be important to neurophysiologic recovery. Several perti 
nent points must be appreciated regarding these effects of 
mcthylprednisolonc on spinal cord injury. First, these ef¬ 
fects occur only at a high concentration that achieved 
with an IV dose of 30 mg/kg L Second, the effects are 
hi phasic, with in** at 60 mg/kg A* with many protective 

mechanisms, the drug must be administered early in the 
pathophysiologic process because spinal uptake of methyl• 
prednisolone decreases rapidly with time after injury. Loss 
of effect may reflect a decrease in blood flow to damaged 
tissues or the irreversible nature of Lipid peroxidase Ft 
nally. The time course of neuroproteetion of methylprednis- 
olotte follows the disappearance of the drug from plasma 
nr tissue—that is. it lasts only 2 to 6 hours (the half-life of 

the drag in feline spinal tissueb Thu*, the drug must be 
administered frequently to preserve tissues and maximize 

the potential for recovery 


Lmarvids 

After the unique protective effect of methyIprednisohme 
among the glucocorticoids in damaged nerve tissue was 

recognized, attempts were made to refine the structure of 
the steroidal molecule such that the neumprotcctive (ami- 
lipid peroxidase! effects would be maintained but the glu 
cworticoid effects minimised. The result of these efforts 
was the synthesis of the 21-aminosteroids ot la/amidv 
Tinlazud mesylate is the proMypic drag (Fig 16-11), 
These drugs bn been specifically designed to localize in 
cell membranes and inhibit (iron mediated) lipid peroxi¬ 
dase. Although initial investigations were oriented toward 
acute trauma, because inhibition of lipid peroxidase may 
decrease neuronal degeneration, these drug* may also be 
useful for chronic neurodegenentfive processes, 

TiriLu/ad mesylate is a very lipophilic drug that prefer¬ 
entially distributes to the lipid components of cell mem¬ 
brane*. Because neuronal tissue is composed of a greater 
proportion of lipid com portents, these drags preferentially 
accumulate in ncurunol tissue, its pharmacologic actions 
are complex and include a radical scavenginganhox idant 
effect and a phyaiocbemkol interaction with (he cell man- 
bnuie such that the fluidity of the membrane is decreased 
(Fig. 16-12) Although action against iron-mediated lipid 
peroxidase wa> sought fur these drags, they will in fact 
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inhibii Lipid peroxidase in i«m-free systems as well, Tirila- 
i:a d has proved to be an effective inhibitor of lipid peroxi¬ 
dase in alt in vitro models studied. It also acts to reduce 
hydroxyl radicals either by direct scavenging abilities or 
decreased hpid peroxidase, Stabilization of cell membranes 
is considered an important pan of its protective action. The 
nitrogen component of the steroid is thought to interact 
with the phosphate of the '"head” groups lhydrophilic 

portion) of the bilipid layer via ionic interactions. The 
steroidal component localizes in ihe lipophilic portion of 
the membrane, compressing the phospholipid groups. Re¬ 
striction of the movement of the cell membrane reduces 
the potential lor lipid peroxidase by restricting the move¬ 
ment of lipid peroxy I and alknxyl radicals in the membrane. 

Tirila/ad also has a high affinity for vascular cndothcli- 

uirtl. It appears to be able to protect vascular endothelium 

from damage by reactive oxygen species, possibly by pre- 

sen mg endothelium-derived relaxing function. It also ap¬ 
pears 10 protect the blood-brain barrier again si trauma ti- 
cally or chemically induced permeability Tirilu/ad may 
protect oilier endothelial cells during trauma or hypoxic 
damage such as the hepatic endothelium during hemor¬ 
rhagic shock. 

Animal models used to study the effects (not safety) of 
tinln/ad have been primarily rats and monkeys. A few 
studies have focused on dogs or cats, Mtxleh of CNS 
damage have included that induced by cardiac arrest, al¬ 


tered cerebral blood flow, and subarachnoid hemorrhage. 
The clinical pharmacology of lirilazad has been studied in 
humans, It appears to he a flow-limited hepaiically cleared 
drug. In humans, there is a discrepancy in the elimination 
half-life that approximates 4 hours in one report ami. afier 
steady state, approximates 35 hours, The difference appears 
to Iv a longer terminal phase after multiple dosing com¬ 
pared with single dosing: it is likely that volume of distri¬ 
bution cannot be accurately assessed after single dosing. 
The disposition of tirilozad is linear and does not appear 
to change w r ith plasma drug concentration. Safety studies 
in humans have revealed the drug to be safe. Pain ix-eurs 
at the site of injection, but this has been overcome hy 
dilution of the drug, a change in the site of injection, ami 

frequent catheter changes, Tinlazad does not appear to 

adversely affect the heart, blood pressure, or hepatic or 
renal function, Tirilazad has no glucocorticoid activity and 
will not idler parameters indicative of glucocorticoids (i.c., 

glucose, hematologic indices, adrenocorticotropic hormone* 
or cortisol). Apparent indications for tirila/ad in people 
include acute head or spinal injury* subarachnoid hemor¬ 
rhage. and ischemic stroke. 

The lazaroids have also demonstrated efficacy in trau¬ 
matic shock (Aoki and Lefer* 1990), hemorrhagic shock 
(Hall et ak* 1988). and endotoxemia iSemrad et af. 1989* 
1993), Luzaroids decrease neutrophil accumulation, main 
tain arterial pressure, decrease myocardial injury* and in¬ 
crease survival. La/aroids decrease formation of the eicosa- 
noid mediators and production of TNF. When administered 
to dogs w ithin 30 minutes of endotoxin infusion, lazarouh 
attenuated the effects of endotoxin (Zhang et a!,, 1995k 
Further studies are indicated before the use of lazaroids is 
continued. Currently* tk> lazamid is approved for use in the 
United States. 
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INTRODUCTION 

Cjlucocorticoids are among the most frequently used and 
misused drugs m veterinary medicine Optimal therapy 
with glueocorlieokbi requires a thorough understanding of 
their actions on all hotly systems and knowledge of the 
phanrurcrxlynamiL and pharmacokinetic di (Terences of the 
synthetic glucocorticoid derivatives. The physiologic and 
pharmacologic effects of glucocorticoids have not been 
extensively studied in the dog. or cat: therefore much of 
the information presented represents data extrapolated from 

human patients or rodent studies. Where possible, informa¬ 
tion specjhe it> the dog or cat has h«n included .and 
indicated m such, 


PHYSIOLOGY: CONTROL OF ENDOGENOUS 
GLUCOCORTICOID SECRETION 


CtwtKobopm-releasing factor (CRF) is secreted by the hy¬ 
pothalamus and travels through the hypophyseal portal 
system to the adenohypophysis where it stimulates the 

s y nthesis and secre11 on of adrenocofticotn 1 pin (ACTH i 


from the basophilic cells of the adenohypophysis iFtg 

17 I ). In addition to m role in promoting ACTH secretion. 

CRF appears lo be involved in ihc autonomic, immuno¬ 
logic, and behavioral response to stress independent of the 

hyputhaJumopituitary axis. Admimstraiii m of CRF to dogs 

results in a decrease in gastric acid secretion by activation 
of the sympathetic nervous system* an immediate decrease 
in mean arterial blood pressure accompanied by reflex 
tachycardia, and a marked increase in plasma vasopressin 

concentrations fMol el al., 1994 ). These actions of CRF 

are independent of glucocorticoids. 

The primary function or ACTH is to stimulate the adre- 

nal cortex lo synthesize and secrete cortisol, corticosterone, 
aldosterone t the effect of ACTH on m l ncraloooti icoid se¬ 
cretion is minimal), and weak androgenic substances. Cor¬ 
tisol and corticosterone concentrations in plasma influence 

CRF and ACTH secretion such that increased onneenlra- 
turns inhibit release of CRF and ACTH, and reduced con¬ 
centrations stimulate release of CRT and ACTH. Exoge¬ 
nous factors, such m trait im, heat, stress, and surgery, and 
neural impulses also mediate CRF and ACTH secretion 

Exogenous corticosteroid administration can also suppress 

CRF and AC HI release.. The degree of suppression ds> 

m 

CoDyriqhted n 
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figurt 17-1 TTk rctiihnn’Jiip hdwnn the hjrptitfultittbs piiuiTsirt, And 
adrenal gfcuadv RcIolw of omtootropiB-fekau^ factor (CRI i ii pre- 
venied by feedback mhitviiion of cwticmierriick feio^er™* w rndoge- 
nuuKl. ktikiarf of adraracvAicteropic hnrciitnx L (ACTH) i*. ‘tub^uizml) 
inhibited. ,irnl further aynlficdt. primarily of glucoco nice ids. is inhibited 

TV prrran- ln^ct arjjan of pincraJufartitoid^ is Ihc kldirVL Lhe liver 
itfwJ eardiov iw Lilitr system arc imponani ivgcis of glucocorticoid*. 


pends on the particular drug uved, For example, dexametha- 
sone is 50 to 100 rime* more potent in suppressing ACTH 
secretion than is cortisol (Feldman and Nelson, 1987a). 
The diurnal variation in glucocorticoid secretion that occurs 
in humans has not been well documented in dogs or cats. 

MECHANISM OF ACTION 

The myriad of physiologic effects of glucocorticoids result 
from interaction of the drugs with glucocorticoid receptors. 
Selected activities may, however, be mediated through non¬ 
receptor median]sms. At least three glucocorticoid recep¬ 
tors have been identified, each associated with different 
physiologic effects (Funder, 1992), Differences an alpha- 
and beta-glucocorticoid receptors in RNA ratios and con¬ 
centrations differ among tissues, suggesting differential 
gene regulation by glucocorticoids in different cells (Korn, 
1998). Although every cell type appears to have glucocorti¬ 
coid receptors, the liver is the primary target, The type and 

concentration of receptor varies between species and tissue. 
Within a given tissue, receptor numbers may fluctuate with 
changing cell cycles and age and in response to a variety 
of endogenous or exogenous compounds. Over I S endoge¬ 
nous regulators have been identified for glucocorticoid re¬ 
ceptors (Bumstein and Cidlow r ski, 1992), 


Glucocorticoid receptors are located in the cytoplasm of 

the target cell associated with beat shock proteins and 
an immunnphiUn* an intracellular protein that binds other 
immunosuppressive compounds {Scbimmer and Parker, 

1995). Die receptor is inactivated until hound to a steroid 
ligand (Sc hi miner and Parker, 1995). Steroid* eater the 
cells by passive diffusion, although a rale-limited active 
transport mechanism may also exist. Once in the cell, the 

glucocorticoid binds to the receptor, the heat shock protein 
and other molecules dissociate, and the resulting activated 
reccptor-glucoconkoid complex translocates to the nucleus 
(Fig 17-2). In the nucleus, the complex binds to regulatory 

protein* of larger genes. The short DNA sequences recog¬ 
nized by the activated glucocorticoid receptor are referred 

to as glucocorticoid responsive elements. It is through 
these glucocorticoid responsive elements that specificity of 

glucocorticoid-modulated gene transcription is controlled. 
Transcription of the gene and subsequent formation of the 
targeted protein is either induced or inhibited. Some of the 

proteins that are regulated by glucocorticoids are listed 

in Table 17-1. The proteins encoded by these genes are 
responsible for the physiologic (pharmacologic) effects of 
glucocorticoids. The receptor and glucocorticoid are even¬ 
tually metabolized (the exact location or timing is not 


documented). The cellular half-Life of the activated com¬ 
plex is about 10 hours (Bodine and Litwack. 1990). It is 
not known if the rate of metabolism of the glucocorticoid- 

receptor complex is dependent on the specific glucocorti¬ 


coid involved. 

In general, the mioeralocorricoid receptor acts similarly 
to the glucocorticoid receptor and may be identical in 
structure (Schinuncr and Parker, 1995), No differences 


have been described for glucocorticoid and mincralocorti- 
coid DNA recognition motifs. Difference* in action be¬ 
tween these two steroids retied in part different abilities to 
activate discrete sets of target gene*. This may reflect a 
difference in repression of transcriptional induction. In 

addition, mincralocorticoid receptors have restricted ex¬ 
pression, with the principle sites including the cortical 
distal tubules and collecting ducts, the colon* salivary and 
sweat glands, and the hippocampus. Differences in steroid¬ 
al action also are independent of receptor interaction. Me¬ 
tabolism of the different steroids (e.g,, aldosterone vs. 
cortisol) by enzymes (eg,, 110-hydroxy steroid dehydroge¬ 
nase ) located in steroid-responsive tissues (e.g., kidney, 
colon, salivary glands) appears to provide an enzymatic 
barrier by inactivating the steroid (e.g, t cortisol) to which 
the tissue should not preferentially respond, Certain disease 
conditions may actually reflect an absence of the metaboliz- 


Table 17-1. Examples of Proteins Whose Synthesis la Targeted 
by Glucocorticoid Receptor Regulation 


Induced 

Inhibited 

Lipoeomn-1 

Cytokines 

p , - A d re ek jrcccp*t ir 

Natural killer, receptor 

An giutemin-con verting enzyme 

Inducible mine oxide ^ynihasc 

Neutral f ndnpehdasc 
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■ Adrenoreceptor 

Eiidutbrfiiti 

Na‘. K’-ATPbsc 
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ing enzyme, allowing the tissue to respond inappropriately 
to the inappropriate steroid l Schimmer and Parker* 1W5). 
Aldosterone activates ihe expression of several genes, with 
that of Na',K"-ATPase in the havo Literal membranes of 


tubular cells being the most characterized 

interestingly* cortisone can have different and opposing 
effects, depending on whether it interacts with mmcnilixor- 
ticoid or glucocorticoid receptors. Cortisone inhibits mi¬ 
croglial proliferation through glucocorticoid receptors hut 
stimulates proliferation through m■ nenaliKoriicoid receptors 
(Tanaka et al.„ IW). Dcxamcthasonc also inhibits microg¬ 
lial cell proliferation at concentrations lower than cortisone 


(Tanaka et AL 1997). 

Failure to respond to steroid therapy is observed in 
human patients being treated for a variety of diseases. The 

documented phenomenon of glucocorticoid resistance (both 
familial and iatrogenic forms have been reported in hu- 
mans) may reflect, among other causes, reduced reccplor 

numbers or affinity for glucocorticoid (Lamberts et al.. 
19921 Cellular response to glucocorticoids has been di¬ 
rect!) correlated with receptor numbers. Reversible down 
regulation of receptor numbers and a subsequent decrease 

in biologic effect is a documented sequela of glucocorticoid 
treatment (Burnsiein and Cidlwski, 1992). 


PHYSIOLOGIC EFFECTS 

Physiologic effects ol glucocorticoids are those actions 
required for the "normal ' day-to-day junction of she ani¬ 


mal. These effects can be easily appreciated when gluco 
oofticoids are absent, as in the case of adrenocortical insuf* 

liciency (hypoadrenocorticism or Addison disease), or 
preveni in excessive concern rations, as m h> peradrenoconi- 

cm 


Effects on Intermediary Metabolism 
Carbohydrates, Proteins, and Lipids 


The natural function of glucocorticoids is to protect glu¬ 
cose-dependent cerebral functions by stimulating the for¬ 
mation of glucose by the liver, decreasing its peripheral 
utilization and promoting its storage as glycogen (Haynes, 
IVW). Teleologically, these effects protect glucose-depen¬ 
dent tissues, the brain and bean, from stars anon (Schimmer 
and Parker, l W). The hyperglycemic effect of glucocorti¬ 
coids, as vain in ihe stressed patient, iv due to an increase 
in glucoMOgcncvjs and insulin antagonism. Gluconeogene- 
sis is the result of an increase in precursors necessary for 
gluconcogenesis as well as induction of hepatic enzymes 
that catalyze reactions of glucose synthesis, increased 
breakdown of proteins, particularly skeletal muscle and 
collagen, pro sides gluconeogenic precursors (eg.* ammo 
acids and glycerol). This effect is exhibited clinically as 
muscle wasting, delayed wound healing, and thinning of 
the sim. The anti insulin effbd of glucocorticoids is a 
result of decreased peripheral tissue utilization of glucose 
and reduced affinity of cellular receptors for insulin, l’till- 
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zation appears to be decrca>ed b> translocation of insulin 
receptors from the cell membrane it> an intracellular loca¬ 
tion inaccessible by insulin tSehimmer and Parker. 1^5). 
Metabolism of lipids is also affected by glucocorticoids, 

Specifically. glucocorticoids promote lipolysis. generating 
the free fatly acids that, along with amino adds, serve as 

substrates for hepatic glycogen synthesis and inhibit long- 
chain fully acid synthesis. Effects of glucocorticoids on 
lipid metabolism reflect, in pan. a permissive effect of the 
steroids on other ugeriLs, including growth hormone and 

[^-adrenergic receptors. One sequela of these effects is 
redtttn button of body fat (such as is typified by Cushing 
disease!. Differences in adipocyte sensitivity to insulin and 

the facilitating effects of glucocorticoids may explain the 

redistribution phenomenon (Schimmer and Parker. 1995). 

Water and Electrolyte Balance 

Aldosterone is the most potent, natural corticosteroid that 
impacts fluid and electrolyte balance. Mineralocorticoids 
act in enhance sodium reabsorption in exchange for pouts- 
sium I from the distal renal tubules and collecting ducts) or 
hydrogen (the irercalatcd cells), resulting in a positive 
sodium balance, expansion of extracellular fluid volume. 

and an increase in glomerular filtration fate. Sodium rcab- 
sorption o enhanced by increasing 'the number of open Nar 
and K’ pore*: Na’,K’ AThsc activity at the basolateral 
membrane also it increased, causing sodium to he relumed 
to the circulation. The ratio of monocatiomc molecules 
eschanged is not limited to M. 

Effects of tiuncnducurtiooids arc not limited to renal 
(issues but also include the colon, ilium, ciliary apparatus, 
and salivary and (in human beings) sweat glands. Gluco¬ 
corticoids influence water and electrolyte balance through 

mineral ocorticoid actions. Differences in ussne to response 
to various corticosteroids was addressed previously, Corti¬ 
sol and the synthetic glucocorticoids possess varying de¬ 
grees of mineral*fcurticoid activity, but ail have k-*s than 
l*5f of the mi ncndocorticoid aetiviis of aldostemnc- Gluco- 

eorticoids also import a permissive effect on tubular mecha¬ 
nisms that maintain the glomerular filtration rate. Glucocor¬ 
ticoids have m inhibitory effect cm anti diuretic hormone 
and may decrease permeability of the distal renal tubules 

to mater via a direct action. The poly una/polydipsia com¬ 
monly observed in clogs (hut not cats) receiving glucmtr 
coids niav be a result of a combination of mineralocoriicoid 
and glucocorticoid effects. 

Glucocorticoids influence several aspects of calcium 
movement. In the renal tubular cells calcium excretion is 
increased, and in the small intestine m absorption is in* 
paired Glucocorticoids also increase parathormone secre¬ 
tion. which in turn increase osictidariL-mediated bone re¬ 
sorption The net effect ol glucocorticoids on calcium 
homeostasis is a decrease in total body calcium stores 

p 

Hemolymptiatic System 

Glucocorticoids tend to increase the red blood cell content 
of the blood by retarding erythrophagocytosis Lymphope¬ 
nia, eusiitopenia. and monocytopenia due to cellular redis¬ 


tribution and neutrophilia due to increased release from 
bone marrow. demargination, and a reduction of their re¬ 
moval from the circulation arc all associated with glucocor¬ 
ticoid administration (Schimmer and Parker, 1995), This 
blood cell profile represents the “stress leukogram'* seen 
clinically in patients with elevated concentrations of endug 
enous glucoconjcnids The acute effects of glucocorticoids 

on circulating lymphocytes are due (o sequestration front 
the blood rather 'than lymphucytofysis, although cells of 
lymphocytic malignancies are destroyed by glucocorti¬ 
coids. In addition uj reducing toe number of ci rental mg 
lymphocytes, glucocorticoids also alter toe responses of 

lymphocytes to mitogens and antigens, T lymphocytes are 
inhibited to a greater degree (ban B lymphocytes (see 
Inflowing discussion of immunomodutation). 

Anti-inflammatory and immunosuppressive 

Effects 

Glucocorticoids are most frequently used in clinical medi 
cine fiT their anii-inflammutury and immunosuppressive 

actions (Table 17—2 k Because the anti-inflammatory and 

immunosuppressive effect, of glucocorticoids reflect spe¬ 
cific actions op white Wood cells, these effects are inextri¬ 
cably linked. They generally occur oily when tot amounts 
of steroid are present in concentrations greater than those 
found in toe normal physiologic state litre pharmacologic 
concemratiorpi), The effects of glucocorticoids on leuko¬ 
cyte lumbers was discussed earl ter. Glucocorticoids also 
profoundly affect white blood cell function Ultimately. 

both die humoral and cell-mediated arms of the immune 
response are impacted. 

Glucocorticoids tuhibit early .and late phases of the 
inflammation Responses that are inhibited Include edema 

formation, fibrin deposition, leukocyte migration, phago¬ 
cytic acth ity. collagen deposition, and capillary and fibro¬ 
blast proliferation. Many of these processes involve lym- 

phokines and other soluble mediators of inflammation, and 
n is through these mediators that glucocorticoids exert their 
anti inflammatory actions. Specifically. glucuctJfticoidi in¬ 
hibit (via lipocorttn) flic enzyme phospholipase A , which 
converts arachidonic acid to prostaglandin and leukcrtriene 
metabolites (Fig. 17- L). Glucocorticoids also may specifi¬ 
cally, yet preferentially, inhibit cyclooxygenase 2, toe in¬ 
ducible form of cyclooxygenase (Rixtimaki et al.. I99h: 
Croflond cl at.. 1994), The net effect of this specificity 

mu) be inhibition of inflammatory prostaglandins without 

negatively impacting (he protective effects of prostagtun- 
dins in. other body systems (eg,, gastrointestinal, renal, 

hemostasia). 

Glucocciticoids also inhibit release of tumor necrosis 
Factor and interleukin-2 (IL.-2) from activated macrophages. 
Tumor necrosis factor induces cytotoxicity and cars enhance 
neutrophil and eosinophil function (Haynes, 1990b The 
effects of IL-2 are mainly involved in immune function 
and are discussed later. 'Die release of platelet activating 
factor from leukocytes and mast cells is inhibited by gluco¬ 
corticoids. PI ate let-activating factor induces vasodilation, 
platelet and leukocyte aggregation, smooth muscle contrac¬ 
tion (especially in the bronchi), and increased vascular 
permeability (Campbell, 1990). The action of macrophage 
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irugnuioft-inhibition factor, namely, to arrest the movement 
of macrophages at antigenic sites, is inhibited by glucocor¬ 
ticoids Consequently, macrophages migrate away from the 
affected area, Glucocorticoids also alter synthesis of and 
biologic response to eo 11 agenasc, tipa.se. and plasminogen 
activator. Tlie anii-inflammatory effects of glucocorticoids 
also may reflect inhibition of the inducible form of nitric 
oxide synthase (iNOS) (Yang. 1998}, Synovial macrophage 

nitric oxide production and iNOS synthesis are inhibited 

by dcxamethasonc. The inhibitory effect appears to be 

mediated by lipocoiliii. 

The immunosuppressive actions of glucocorticoids are 
more pronounced on the cellular arm than the humoral arm 

of the immune system (Fig. 17—1), Glucocorticoids have 

minimal effects on plasma immunoglobulin concentrations 
but can modulate immunoglobulin function. For example. 

opsonization of bacteria is inhibited. Therapeutic doses of 
glucocorticoids do not significantly decrease an animal's 
antibody response to imtigenie challenge (e g., vaccina¬ 
tions), The immunosuppressive actions of glucocorticoids, 
tike their anti-inflammatory actions, involve disruption of 

intercellular communication of leukocyte# via interference 

with lymphoidnc production, biologic action, or both. Glu¬ 
cocorticoids block the effects of the migration-inhibition 
factor-y and mterfemn-y (IFN y} on macrophages (Haynes, 
1990), IFN-^y. which is released from activated T celts, 
plays an important role in facilitating antigen processing 
by macrophages. 

Glucocorticoids inhibit the synthesis and release of IL- 
l by macrophages, thereby suppressing the activ ation of T 


cells. Glucocorticoids also inhibit IL-2 synthesis by acti¬ 
vated T cells, interleukin-2 plays a critical role in amplifi¬ 
cation of cdl-mediated immunity. Additionally; glucocorti¬ 
coids suppress the bactericidal and fungicidal action# of 

macrophages. 

The in ununsup press! ve effects of glucocorticoids may 
also reflect actions on die hvpodiulamic-pituituiy-adrenal 
axis. Multiple cytokines appear to regulate this axis. Spe^ 

cificalty, IL-l appears to stimulate the release of CRH, 

directly increase the release of ACTH„ and may cause 
(he adrenals to release glucocorticoids These interactions 

appear to be important to modulation of stress and thus 
maintenance of homeostasis {Schimmer and Parker, 1995). 


Cardiovascular System 


Corticosteroids have two major effects on the cardiovascu¬ 
lar system. Mineral lx orticoids and, to a lesser extent* glu¬ 
es k articoids impact the maintenance of extracellular fluid 
volume as described previously. Interestingly, mincralocor- 
ticoids also appear To have direct actions on cardiovascular 

tissues: increased cardiac hbrosis has been induced experi¬ 
mentally in rats by administration of excessive mineralo- 
corticoids, suggesting an indication for spironolactone as □ 

diuretic in congestive heart failure associated with myo¬ 
cardial disease. (Schimmer and Parker, 19951. In addition, 
corticosteroids [predominantly glucocorticoids) enhance 
vascular reactivity to other vasoactive substances (e.g.. 
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norepinephrine, angiotensin II) (Sehimmer ami Parker, 

1995). 

Meehan isms appear lo include increased receptor num¬ 
bers in the vascular wall or other tissues, Other proposed 
mechanisms of glucoconicoid-mduced hypertension in¬ 
clude reduced activity of depressor systems (c.g. T kalli- 
kridn-kinin, prostaglandins, and nitric oxide i and increased 
responsiveness to angiotensin II and norepinephrine (Sar- 

uta, 1996). In human patients with hyperadrencortieism. 
hypertension occurs. In contrast, in patients with insuffi¬ 
cient concentrations of glucocorticoids. negative sequelae 
include increased capillary permeability, decreased cardiac 
output, and inadequate vasomotor response of the smaller 
blood vessels to catecholamines. 

Bone and Cartilage 


rrudly. Too little will result in muscle wasting (generally 
due to hypokalemia), Likewise, and paradoxically, too 
much also will result in muscle wasting. Increased use of 
ammo acids from muscle proteins is likely to contribute to 

rhiv effect Although the exact mechanisms of muscle wast¬ 
ing are unknown, the term Jlertiid myopathy has been 

coined to reflect this condition in human patients and is 
used to refer to similar manifestations in small animals 
with hyperadienocorticisin (Schiminer aiul Parker, 1995). 


Central Nervous System 


Indirectly, glucocorticoid* maintain adequate plasma con¬ 
centrations of glucose for cerebral functions, maintain cere¬ 
bral blood flow, and influence electrolyte balance in the 
central nervous system (CNS). Glucocorticoids decrease 
formation of cerebrospinal fluid, which results in a reduc¬ 
tion of intracranial pressure. In human beings, glucocorti¬ 
coids are believed to influence mood (including "eupho 
ria'\Jv behavior, and hram excitability (Schimmer and Par¬ 
ker, 1995). The euphoric effect commonly recognized in 

ilogs also is likely lo reflect differences m glucocorticoid 
receptors, Steroids, including glucocorticoids, also appear 

to regulate neuronal excitation. As previously described, 
dexametiusone inhibits microglial cell proliferation; corti¬ 
sone also will inhibit proliferation, but at higher doses, 
through glucocorticoid receptors, but will stimulate prolif¬ 
eration through minendocorticoid receptors (Tanaka ci al., 
1997), Glucocorticoids induce glutamine synthetase in both 
the Central and peripheral nervous syslente {Shirasawa, 
1999 1 . Increased glutamate has been associated w ith CNS 
pathology, although the relationship between the two re- 








Respiratory System 

Glucocorticoids are reported to have "permissive" effects 
on ^.-receptors, promoting branched Nation cHames, 19H9). 
The effects of glucocorticoids on leukotrienes. platelet acti¬ 
vating factor, and other mediators important in the patho¬ 
genesis of respiratory inflammatory diseases are discussed 
elsewhere (see anti-inflammatory effects, discussed earlier; 

and Chapter 31), 


Glucocorticoids antagonize the effects of vitamin P,, accel¬ 
erate bone resorynion, and decrease bone formation (via 

direct action on osteoblasts), resulting m osteoporosis. This 
phenomenon is well documented in humans patients after 
chronic glucocorticoid Lhcrapy, but to the authors’ know l¬ 
edge it has not been observed in animals (Seale and Comp¬ 
ton, 1989). Ai supraphysiologic doses, glucocorticoids in¬ 
hibit collagen synthesis by fibroblasts, depress chondrocyte 
metabolism, and decrease the proteoglycan content of carti¬ 
lage. resulting in morphologic changes in articular cartilage 
(Glade ct al„ I9H3; Adams, 1992). 

Skeletal Muscle 

The permissive effects of glucocorticoids include their in¬ 
fluence on the ability of skeletal muscle tii function nor- 


Alimentary Tract 

Glucocorticoids decrease the absorption of calcium ami 
iron from the gastrointestinal tract and increase the absorp¬ 
tion of fats. Secretion of gastric acid, pepsin, and trypsin 
are increased by glucocorticoids. Gastric mucosal cell 

growth and renewal are reduced by glucocorticoids, and 
mucus production is decreased, resulting in compromise of 
the protective barrier of the gastric mucosa. Collectively 
these effects contribute to increased susceptibility to gastric 
ulceration. A retrospective study in humans found 5% 

developed gastric mucosal lesions while receiving gluco¬ 
corticoids. particularly patients with rheumatoid arthritis 
and collageno>is (Horciefca, 1990). It is not clear whether 

(he effects of glueixorticoids on the gastric mucosa occut 
as a result of impaired mucosal prostaglandin synthesis. 
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all hough failure of misoprostol t PgE j to ptoteci against 
glucocorticoid-induced ulceration indicate-, not. Indeed, 
some studies, have fcho wn that glucocorticoids provide a 

gasiropruu-cfi vc effect during iircsj-induced ulceration 

(Filanetova. n W) Deposition of glycogen in the liver, 
resulting in heputomeguly in animals chronically treated 

with glucocorticoids, is a consequence of increased glyco¬ 
gen synthesis as described previously, Cortisol excess can 
induce pancreatic ductule hyperplasia. 

Reproduction 

Glucocorticoids can induce parturition dun mg the latter 
stages of pregnancy in ruminants and horses, but their 
effect m dogs and cats has not been determined. Glucocor¬ 
ticoid administration to the dog has been associated with 

cleft palate and abortion. Glucocorticoids have been shown 

to inhibit cell division. ON A synthesis,, or both in the 
developing luer. lung, brain, and thymocytes. 

STRUCTURE-ACTIVUY RELATIONSHIP 

There are dose to 50 different generic corticosteroid prod¬ 
ucts available approved for hurnan use and seseral ap¬ 


proved for use in small animals, Thesc drugs differ primar- 
ily in their duration of action, mmeralocofticoid activity, 
and ami-ioflammaiory potency, As the anti-inflammatory 

potency of a particular agent increases, its biologic half- 

life and duration of action also increase. Antiinflammatory 

properties parallel the effects on carbohydrate and protein 

metabolism, hut mineralocnfticotd effects can be altered 

independently by changing the molecular structure of the 
steroid (Fig. 17- 5 i The 4,5 double bond and the Tkclone 
are necessary for minerulocorucoid and glucocorticoid ef¬ 
fects, Addition of a 1.2 double bond increases the ratio of 
glucocorticoid to mineralocorticoid effects and increases 

the duration of action, Flunrination at the C-9 position 
increases both miitcraloconicoid and glucocorticoid poten¬ 
cies and methylaiion at the C-)6 position eliminates mtner- 
alncorttcoid activity, 

CLINICAL PHARMACOLOGY 



Several products are well absorbed orally. For intramuscu¬ 
lar administration, the duration and onset of action of a 
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particular glucocorticoid can be altered by the addition of 

an ester, usually bound to C-21. The glucocorticoid esters 

must be hydrolyzed to release the active, free form of the 

drug,, The sodium phosphate and sodium succinate esters 

are water soluble, can be administered intravenously, and 
are rapidly hydrolyzed. These characteristics make them 

ideal for treatment of acute conditions The acetate, aceto- 
Hide, valerate, and dipropionate esters are water insoluble 

and release ihe active steroid very slowly, providing gluco¬ 
corticoid activity for day 1 ' to weeks (i.e., repo&itol or 

“depo" products) The major ad vantage of Ihcsc esters is 

convenience of administration. Administration at T to 6* 

week intervals, depending am ihe preparation Used and 

disease being treated, has been recommended. Disadvan¬ 
tages include unpredictability of blood eon cent rations, 

chronic suppression of the hypothalamic-pituitary adrenal 
axis tup to 12 weeks or more following did ministration of 
a single do*:)* possible induction of steroid resistance 

(mediated by receptor down-rcgulalionh and the fact that 
the drug cannot be withdrawn should adverse reactions 
develop, Foi these reasons, the authors recommend the use 
of ahort-acting to intermediate-acting preparations adminis¬ 
tered daily or on alternate days over reposilol steroid prepa¬ 
rations . 


There are many forms of glucocorticoids available for 
topical use, including extension* of the skin such as The 
external ear canal and anal sacs, Once absorbed through 
the skin topical conic*steroids are handled by the body in 

the same capacity as systemically administered glucocorti¬ 
coids. The extent ol percutaneous absorption of topical 
g I ucocovticoids depends on factors such ax the vehicle* the 
ester form of the steroid (greater lipid solubility enhances 
percutaneous ab sorpt. on fr. duration of exposure, surface 
area, and the integrity of the epidermal harrier Ointment 

boxes are occlusive and are therefore more likely to in 

crease percutaneous absorption of the same glucocorticoid 
in 4 cream base. Highly potent preparations in any form 
should not be used on abraded skin. 


Glucocorticoids are absorbed and can achieve physio 
logic and possibly pharmacologic concentrations after local 
administration. This includes the skin, as previously noted!, 
synovia] spaces, conjunctival sue. and the respiratory tract 
(Sc hi mmer and Parker. 1995). Suppression of the HA A 
axis has been documented alter ocular {Roberts* 1984 1 and 
topical (Ze noble. 1987) administration for several weeks. 


Distribution, Metabolism, and Excretion 

I si humans (and presumably many animals), endogenous 

land exogenous) cortisol is hound to eortieosteriod binding 

globulin itranscdriin). This a-gkdHilin is secreted by the 

Liver. Whereas it has a high affinity for steroids, it has a 

relatively low binding affinity. Albumin, which has a low 
affinity but large binding capacity, also binds glucocorti¬ 
coids. Corticosteroids compete m :th one another (endoge¬ 
nous find exogenous) for binding sites and at high concert 
trillions will displace one another. Steroidal hormones tend 
to be eliminated by oxidation or reduction followed by 
conjugation (generally glucuromde or sulfate) and excre¬ 
tion fprincipally renal|, Metabolism occurs al both hepatic 
and cxtrahepatic tincluding tlie kidney) sites. The impor¬ 


tance of I ip-hydroxysten>id hydmgcna.sc in determining 
aldosterone-responsive tissues was previously addressed. 
Biliary and fecal elimination do not appear to be that 

significant iSchimmcr and Parker. 1995), 


PREPARATIONS 

Knowledge of a few commercial preparations is sufficient 
for most clinical purpose* (see Table 17-2). Selection is 
most commonly based on balancing the need for efficacy 

with the risk of adverse effects Some distinct characteris¬ 
tics of selected steroids arc presented here. 



Hydrocortisone is identical to cortisol, the most important 
endogenous glucocorticoid for most species. Because of 
the short duration of action (<12 hours) and low potency 
of hydrocortisone, it is not frequently used tor systemic 
therapy. Hydrocortisone is available in creams and ninn 

ruents for topical use. 



Prednisone is rapidly metabolized by the liver to predniso¬ 
lone (CM I kerol reduction). Liver disease probably has 

minimal effect on activation. Previnisolnne has an interme¬ 
diate duration of action (12 to 36 hours) and is therefore 

ideal for alleroate^-diy £ulmini stratum. 



Meihylprednisolone possesses lipid antioxidant activity that 
has bivn show n to be beneficial in the treatment of expend 
menial spina] cord trauma in cats and ex pen mentally in¬ 
duced E, <Ttfli bacteremia (Arvidsson et al. t I99CJ; Means. 
19811. Incimtro-st, tncihylprednisohHW did not appear clitii- 
cally hcnclicia) m a canine model of spinal trauma, al¬ 
though the model may have caused insufficient damage for 
effective evaluation (Coates 3995). Although some other 
glucocorticoids idexamethasone, prednisolone) fire effica¬ 
cious as lipid antioxidants, mcthylprednisolorie is the most 
potent MeihylprcdmsuLonc has an intermediate duration of 

action (I 2 to 36 hixirs) and in uIk» ji piwul tolxlidutc tot 
alternate-day administration. 



Dexamethasone is a highly potent glucocorticoid but has 

virtually no mineralocorticoid activity. It possesses some 
lipid antioxidant activity. Fbe prolonged duration of action 
(biologic half-life approximately 4ft hours) of dexametha- 

sone makes it inappropriate for alternate-day administra¬ 
tion. 
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Betamethasone 



Betamethasone is a very potent glucocorticoid that varies 

from dexamethasone only in the orientation of a side chain. 

Thus, like dexamethasone, it has virtually no mirterakKorti- 

cokJ aeii\jiy It hu* a long duration iif action fhiologic half- 

life approximately 48 hours) md is therefore not appro¬ 
priate for alternate-day administration. 



Bcclumcthusonc i\ a glucocorticoid characterized by high 
first-pass metabolism and thus low systemic btoavadabiHiy 
The dnig is used as an inhaled product for treatment of 

human asthma. 


Ti n I ai a d Mesylate 

Tiriluzsd mesylate is-a novel, nonglucocortkoid, 21-amino- 
steroid (lazanoid) that possesses potent antioxidant activity 
(i.e . protects against oxygen-derived free radicals). Unlike 
the glucocorticoids, this agent does not inhibit phospho¬ 
lipase A ?J but ti does inhibit .ipid peroxidation-induced 
arachidonic acid release (Brown and Hall, 1992), The 
mechanism appears to reflect, in part, insertion into the cell 
membrane isee Fig. 16-12, p 307), These products arc 
discussed m depth in Chapter 16. 


Fludrocortisone 

Fludrocortisone is a synthetic steroid hormone with miner* 
aJcioorticoid (no glucocorticoid) activity only. Fludroconi 
sone acetate is administered orally at 24- to 48-hour inter" 

vah tor treatment of hypoadrenocorric ism. 


Deoxycorticosterone pjvalate I DOCP) is an ester salt ul 
a synthetic steroid hormone with mineralocorticoid i.no 
glucocorticoid) activity, Ibis form of desoxycorticosterone 
possesses a 20- to 30-tlay duration of action after intramus¬ 
cular injection Addisonian patients who have failed to 
completely respond to fludrocortisone may respond to ther¬ 
apy with DOCP. Currently. DOCP has been approved 

through CIBA-Geigy 



Unless one is administering glucocortieuids for replace¬ 
ment therapy in a deficiency state (it . hypoadrenococti- 
asm), glucocorticoid therapy is not directed at the inciting 
agent Glucocorticoid therapy is intended to reduce the 
physiologic processes that are activated in respoiMe to the 
disease (Table 17-3). In general an anti - i n flammaloiy dose 
is considered to be 10 times the "physiologic'* dose, and 
immunosuppressive doses are twice the anti-inflammatory 
dose, Shock doses of glucocorticoids are 5 to 10 limes the 
immunosuppressive dose. When treating a patient for art 
immediately life-threatening condition such as shock m 

cerebral edema. Large doses of glucocorticoids should be 

used. Similarly, autoimmune diseases such as immune* 
mediated hemolytic anemia should be treated aggressively. 
Therapy should, be initialed and continued with an unmuno- 
suppressive dose until consistent improvement in the pa¬ 
tient's stilus is observed. Because high doses of glucocorti¬ 
coids are often required to adequately treat i mm tine- 
mediated diseases* adverse effects are likely to occur. Con¬ 
current administration of additional immunosuppressive 
drugs (azathtoprine, cyclophosphamide) may allow the glu¬ 
cocorticoid ikise to be decreased. Dose reduction in patients 

with autoimmune diseases should he conducted gradually. 
The reduced dose should be continued for at least 2 weeks 
before the ncxi attempted dose reduction, and The actual 
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dose should be decreased by no more than half U 1% 
essential to assess the patient's status frequently for recur¬ 
rence of clinical signs. 

Conversely, the smallest dose rhui will achieve the de¬ 
sired el feci should be used if glucocorticoids are to be 
administered f<w. relatively benign, chronic, mflarmnaiory 
conditions such as atopy or flea allergy dermatitis This 

dost 1 is determined by trial and error and must be reevulu- 
aied from rime to time. Periodically; an attempt should be 
made to reduce the dose. An every-other-day dosage >egi 

men with a short-acting or jntermed Late-acting agent can 
achieve therapeutic effects without untoward effects in 
many patients. Agents that arc ideal for alternate-day ad¬ 
ministration include prednisone, prednisolone, and methyl- 
prednisolone. The duration of action of hydrocortisone 
and cortisone may be too shun for effective alternate-day 
therapy Although triamcinolone A duration of action is 

similar to those of prednisolone and methyl prednisolone. 

its ability to suppress the hypothalamic-pituitary adrenal 
axis is more typical of the long-aciing agenis such as 
dexamelhasorte and betamethasone. Concurrent treatment 
with nonglucocorticoid antipruritics such as antihistamines 

or fatty acid supplements should be attempted in order to 
reduce the glucocorticoid dose (Miller and Scott. 1994). 
Side effects can occur if withdrawal of a glucocorticoid 

occurs too rapidly. In human patients receiving glucocorti¬ 
coids. the most frequent problem encountered with rapid 
withdrawals is recrudescence of ihe underlying condition 

lot which the glucocorticoid was indicated (.Schimmet anti 
Parker. 1995). The most severe but rare complication, how - 
ever, is acute adrenal insufficiency. Because of variability 
in glucocorticoid impact on the hypothalamic adrenal axis 
pod variability within and between animals, predicting 

which animal is likely to develop insufficiency is difficult. 
In general, iatrogenic Addison disease is not common, but 
even this risk can be minimized by gradual withdrawal of 
the glucocorticoid. In human patients, those who receive 
supraphysiologic doses for 2 weeks within the preceding 
year are considered to have sortie level of hypothalamic- 

pituitary adrenal suppression (Schimmer and Parker, 1995). 


and combinations thereof) should be attempted ’before sen¬ 
tencing a patient to chronic glucocorticoid therapy. Initial 

treatment wirh prednisolone at an anti-inflammatory induc¬ 
tion dose oi 0.5 to 1 mg/kg per day is recommended After 

resolution of clinical signs the therapy should be switched 

to an Utcmate-iUty regimen An effeclive alternate-day dose 
can bet: achieved by taking the lowest effective daily dose 
and increasing it by 50% (Bevicr, 1990). Some dogs may 
require medication every 3 to 1 days. The use of injectable 
repositol forms of glucocorticoids is m t recommended for 
treatment of canine atnpy. 

Atopy is believed lo exist :ti ifis 1 cai also There is little 

information regarding iht efficacy of antihistamines and 
faih acid supplements as antipruritics in the cat. Glucocor¬ 
ticoids are the therapy of choice for treatment of atopic 

pruritis in the cat l Car loth, 1992). As with dogs, short 
acting to intermediate-acting compounds (prednisolone I 

to 2 mg/kg per day) arc recommended, and alternate-day 
therapy should be the goal 


Otitis externa, often occurring as a component of atopy, is 
frequently responsive to lopical glucocorticoid therapy (see 
Chapter It!) Products usually ecmtiin an antibiotic and 
antifungal in addition to the glucocorticoid, and these 

agents can help resolve secondary infection* It is important 
to note that topically administered glucocorticoids can be 
absorbed syslcmically (Meyer cl a! . I990i. Efforts In re 
move or resolve the inciting factor* should be made in 
case* of chronic otitis externa. More severe otitis externa. 

such as idiopathic hyperplastic otitis externa of cocker 
spaniels, may require systemic glucocorticoid treatment 
I prednisolone at D.5 to ) mg/kg per day H Royschuk, 3 994). 

Fo 1 ioui■ i 1 p c vain inations, usually at 2-wcek iritcrvals, 
should include utoscopic and cytologic examinations to 

identify potential complications (otitis media, secondary 
yeast or bacterial infection, parasites, and so forth). El 
should be stressed that glucocorticoid therapy is not a 
substitute for thorough cleaning and dry ing nl the ear. 






Glucocorticoids are the cornerstone of therapy of many of 
the autoimmune diseases affecting the skin, including the 

pemphigus complex, systemic lupus erythematosus, and 
discoid lupus erythematosus Optimal therapy for each of 

these diseases varies, us some mat respond to gluvovofti 

colds alone and some may require a combination of gluco¬ 
corticoids and alternate immunosuppressive drugs such as 

azathioprine or cyclophosphamide. 

The long-term management of canine atopy (allergic 
inhalant dermatitis) frequently requires the use of glucocor¬ 
ticoids If at all possible hyposensitization and avoidance 
therapy should be attempted before medical management 
Although glucocorticoids are the most effective anti-in- 

flammaioryAimtprimtic medication currently available for 
the* atopic patient, alternate forms of therapy, a% previously 
noted (c| . antihiviamines. misoprouiI + omega fatly acids. 


Glucocorticoids have a pivotal role in the treatment of 

selected respiratory conditions. Thdr efficacy as broncho- 
dilators (through their permissive effects on Brreceptor) 
and as an anti-inflammatory a yen) bo- been well docu¬ 
mented in patients with asthma. Among clinically used 

anti-inflammatory drugs, glucocorticoids alone inhibit pros¬ 
taglandins. Lcukoiricnes, and pi aide l-activating factor. 
Their effects on macrophage processing arc' well docu¬ 
mented. I hese mediators have importani roles in the patho¬ 
physiology of chronic bronchial disease. In human patients, 
inhaled glucocorticoids (hcclamcthasonc, triamcinolone i 
lend to be first-line drugs. In cats suffering from bronchial 
asthma, glucocorticoids arc administered acutely and arc 
the cornerstone of Long-term therapy. Preference for the 
particular drug varies among clinicians. In patients suffer¬ 
ing from status asthmaucus, water-soluble preparations of 
prednisolone lend to be used for their rapid effects, whereas 

FI 
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dcsamclhasune may be preferred because lL is more potent 

and provides a more prolonged effect. A combination of 
both product might be considered for immediate effects 
followed by the more prolonged effects, Long-term therapy 
gene rally consists of oral forms of prednisolone, although 
some clinicians may prefer triamcinolone because of its 
enhanced potency. Alternate-day therapy may. however, be 
of no benefit for ibis intermediate-acting to long-acting 
glucocorticoid. 

As with other conditions requiring prolonged therapy, a 
higher dose is administered initially * with tapering of the 
dose to & minimal acceptable level. Life-Long therapy may 
be necessary for some cats The use of rcpitoitol steroid 
preparation* is i\>fitrovcT>iial- Although convenient, lack 
of predictability regarding re treat mem may preclude their 
effective use. In cases of relapse, intravenous administra¬ 
te'-u of dexameihasore or nebulized steroid therapy may be 
of btnefil. Greater discretion is indicated for long-term use 

of glucocorticoids in chronic respiratory diseases in dogn. 

Nomnfcc linns diseases associated with eosinophilic or 
macrophage infiUr.dc* are indications for glucocorticoid 
therapy, usually in conjunction with hronchixJiIator therapy 
Short-acting glucocorticoids can be used m a shori-IcTm 

basis (<4H hours y to break a cough cycle m patients with 
upper respiratory syndromes a_w>tiiucd with inflammation 
{s cl. trachcobrnne h i lis). 

Musculoskeletal 

Underfunding the implications of glucocorticoid use for 

the inruttncm of osteoarthritis fOAl requires appreciation 

of the paihoph y siology of OA and the effects of glucocorti¬ 
coids on normal joint physiology. Glucocorticoids have 
variable and opposite effects on joint physiology, di* 
pending on the dose used iChunekamrai el ah, 1989). Low 
conecntnilion* appear to be chondropfOtectivc. whereas 
higher concentrations arc chondrodestructive. 

The term uemui ur$fw>path\' was coined to refer to the 

destructive condition that occurs in foints after multiple 

intti-articular infections of glucocorticoids in human pa 
tiertts i [Chunckatnrai el al, 1989). In animal models fin- 
dud mg dogs), ihe detrimental effects of glucocorticoids 
can occur after administration of a single intro-articular 

injection or multiple systemic doses. In addition to the 
destruction indueoi by glucocorticoids on cartilage. indi¬ 
rect damage may occur due to failure to rest an injured 

joint. Finally, glucocorticoids negatively impact subcluon- 

dral bane by inhibition of osteoblastic activity, 

Despite the obvious role glucocorticoids have in pre¬ 
venting cartilage catabolism and controlling mflammaikwi. 
their use Mr the treatment of osteoarthritis is controversial 
Although slujrt-tevm «><: is generally accepted tor acute 

conditions or irauma, long-term use is less acceptable. 
Much „>f the controversy might he resolved if a h physio- 
logic dose” could be defined. In a canine model of OA. an 
oral dose of 0 2 lo 025 mg/kg per day prednisone or 
an intro-articular dose of 5 mg per month triamcinolone 
hexacetonide significantly reduced the incidence and sever 

ity of cartilage lesions and osteophyte formation tPelletier 

and Mancl-Pelleiier, I9H9). The advantages of intra-articu- 
lar administration include minimi nation (but not lota! 


avoidance) of systemic effects. Disadvantages include the 

potential need for chemical restraint an.il the risk of sepsis. 

Newer glucocorticoids characterized by increased ami- 
inflammatory potency yet decreased negative effect" on 

cartilage may resolve the controversy regarding the use of 
glucocorticoids in the treatment of OA Until these drugs 
arc- available, or a "physiologic dose" has been established, 
the authors recommend reservation of glucocorticoids m 
the treatment of OA to the animal that has failed to respond 
to chondropnxeclive agents or nonsteroidal unti-inflamma¬ 
tory agents that ire cbondropfotective. Concurrent use of 
glucocorticoids and nonsteroidal anti-inflammatory agents 
enhances the. risk for gastrointestinal ulceration and should 

be avoided. Finally, if glucocorticoids are used, low doses 
fas noted above) should be administered, ami the simulta¬ 
neous use of disease-modifying chondroprotective agents 
should he considered. 

Central Nervous System 

Glucocorticoids are used for treatment of both brain and 
spinal cord disea.se. Their beneficial effects include protec¬ 
tion from free radicals, reduction in intracranial pressure 
(decreased production of cerebrospinal fluid), and mainte¬ 
nance of normal micro vasculature integrity. Glucocorti¬ 
coids appear to be beneficial In reducing or preventing 
cerebral edema associated with neoplasia; however, cere- 
brai edema caused by trauma is thought to be, less respon 

Si vc to glucocorticoid therapy. 

There is increasing evidence that lipid peroxidation, and 
resultant formation of oxygen-derived free radicals, plays 
an important role in tissue damage subsequent to brain 
or spinal cord trauma. Several glucocorticoids, including 
me thy [prednisolone (most potent), de same thus one, and 

prednisolone, ire capable of inhibiting lipid peroxidation 
(Brown and Hall. 1992). Their ability to inhibit phospho¬ 
lipase Aj may also protect injured nervous tissue, Lor 

treatment of acute CNS injury, the water-soluble salts 
should be used. Recommended dosage regimens for these 
agents in die treatment of CNS injury in dogs and eats arc 
methylprodnuuloiic sodium succinate .34) mg/kg intrave¬ 
nous (IV), followed by 15 mg/kg 2 and b hours later,, and 
then 2.5 mg/kg, pci hour for the first 48 hours; prednisolone 
sodium succinate 60 mg/kg TY followed by 30 mg/kg 2 
and 6 hours later, and then 5 mgfleg per hour for the first 

48 hours; dexamethasone sodium phosphate 4 mg/kg IV 

every 6 hours for the Ij rs-t 48 hours (Brown and Hall, 

1992). in studies involving cats with spinal cord Injury, 

methyl prednisolone sodium succinate -treated cals had sig¬ 
nificantly improved neurologic outcome, whik the neuro¬ 
logic outcome ol cals treated with dexamethasone was 
ikk significantly different than placebo (Hociiein ef j|„ 

1983. 1985), 

Noninfeciious, or so-called steroid responsive, meningi¬ 
tis and granulomatous rneningaencephalius .are diseases 
that frequently respond dramatically to glucocorticoid ther¬ 
apy. Prednisolone at a dose of 2 to 4 mg/kg per day has 
been recommended. 

Inflammatory Bowel and Liver Disease 

Inflammatory bowel disease in cals (especially those with 
lymphocytic-pla&macytic infiltrates) is frequently respon- 
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sivc <o prednisolone M 2.2 mg/kg per d«ay (Toms* 1992), 
For more severe cases, dexamethasonc ai 0,22 mg/kg per 
day plus metronidazole imy he effective. In either case, 
the initial dose should be maintained for 2 weeks beyond 
the time that the cat’s din teal signs begin to resolve. Cats 
that respond immediately should receive the initial dose 
toi at least 4 weeks before doxe reduction ?s attempted 

lnflamniaiory bowel di.sm.se in dogs may be less retpon* 
sive to glucocorticoid therapy than is the case in cats 
(canine paticnb with eosinophilic infiltrate* are an excep¬ 
tion!. Initial treatment of lymphocylic-plasmarytic enteritis 

and colitis is with prednisolone 2,2 mg/kg per day Fre¬ 
quently, additional therapy is necessary (metronidazole, 

azathioprineT In all cases, dietary modification should ac¬ 
company pharmacologic therapy. Alimentary lymphosar 
coma shcwM be ruled out before steroid 'therapy (especially 
in cals). 

Corticosteroid therapy for liver disease remains some¬ 
what controversial. Clinical studies in human medicine 
have shown that steroid therapy in chronic active hepatitis 

improves survival rates Nonsuppurative cholangitis/cho- 
langiuhepatiiis may respoebd lu immunosuppressive gluco¬ 
corticoid therapy. 


Gingivitis and Stomatitis 

'Five eosinophilic granuloma complex in cats is usually 
responsive to high-dose glucocorticoid therapy such as 
mcthylprednistdonc acetate 2i> mg intramuscularly every 2 
to ^ weeks for three treatments Lymphocytie-plasmaeytic 
gingivitis and stomatitis in cals may respond to glucocorti¬ 
coid therapy (prednisone 2 io 4 mg/kg orally every 24 
hours h 


Shock 

Septic Shock ( sec also Chapter 10) 

The use of glucocorticoids in septic shock are controversial 
despite (he recognition of their potential benefits as early 

as 1951 (Lcfcnng and Neugcbaucr 1995: Hardic. 1990), 
Evidence varies with experimental versus clinical studie*. 

Ex pertinciiLoJ models of septic shock have show n glueocot 
ticoids to be of benefit if administered before or concur¬ 
rently with endotoxin administration (be,, within the first 2 
hour*) lit canine models, severe mesenteric vasixonstric- 
firm within the first 15 minutes car lead to irreversible 

shock. Thus* it is. unlikely that glucocorticoids will provide 
beneficial effects if they are administered 30 to fiO minutes 
after administration of the endotoxin (Haskins, 1982). One 
of the difference 1 ! between results of experimental versus 

clinical (spontaneous) models of septic shock may be 'the 
choice of outcome measures. Often, survival in experimen¬ 
tal models is based on short-term analysis (i.c.. survival 

for several hours). In addition, clinically, the likelihood of 
knowing the lime of onset of endutoxemia or sepsis is 

extremely low. 

The use of glucocorticoids foe human patients suffering 
from sepsis and septic shock was addressed in a Urge meia» 

analysis of human clinical trials (Lefering and Ncugebauer. 


I *>?5) In this study, 10 of 49 published report! in vest i gat¬ 
ing the effects of corticosteroids in septic shock human 
patients were considered to be (be “best 1 bused on urien- 
titic design « c.g=. controlled, blinding techniques and so 
forth). Even within these 10 studies, however, differences 
in experimental design, definition of septic shocks drugs, 
dosing regimens, and timing of steroid administration and 
other design considerations limited the number of conclu¬ 
sions that could be made. Mortality rates often were the 
basis of analysis; however, mortality was not determined 


at the same time in all 10 studies. Yet, information provided 
by the analysis might he relevant to veterinary patients Of 
the 10 studies examined, only one study offered a signifi¬ 


cant positive effect tor patients receiving glucocorticoid* 
Most studies show a beneficial effect of steroids during the 
first few hours after the initiation of shock. Low dose 
versus high dose appealed to lx 1 unimportant in delermimne 
survival or response. Different drugs did not seem to make 
a difference, although only dexamethuxone and methyl- 

prednisolone were studied in more than one trial, Patients 
with sepsis associated! with gram-negative infect ions dem¬ 
onstrated a slightly better outcome. The most common or 
severe side effects after steroid treatment was gaMroinicMi- 
nal bleeding (reported in five studies), althoi»gh adtmnivtra- 
lion for 6 days appeared to be the major reason this side 

effect was important. Superiftfeciicn (secondary infection) 

w as reported in 7 of the 10 studies. The concern of second¬ 
ary infection m dogs suffering from sepsis or septic shock 
also has been expressed in the veterinary literature (Hot die, 
1990 k Ijcfenng and Ncugebauer (1995) concluded thstr the 

broad use of corticosteroids in patients with sepsis nr septic 
shock '“is not beneficial" and lhai a new trial would not 


be indicated They also agreed, however, that short-term, 

high-dose treatment ix not associated with an increased risk 
of complications. The authors recognize that very early 
initial ion (or prophylactic use) of steroid therapy ip gram- 
negative infections may reduce the generalized inflamma¬ 
tory response to infection (Letering and Neugehuuer, 
1995). 

The use of glucocorticoids in dogs or cuts in sepsis or 

septic shock might be approached in a similar manner. 
Should glucocorticoids be used, rapid-acting, water-soluble 

agents such as dexanveihasone sodium phosphate (4 to 
8 mg/kg. IV). prednisolone wnlium succinate or sodium 
phosphate (30 mg/kg, IV). or methyl prednisolone sodium 
succinate (30 mg/kg, IV) ore preferred. Shock doses of 

glucocorticoids are 5 to 10 times the immunosuppressive 
dose. Short-term administration (one so two doses.) should 
be considered. 


Hemorrhagic Shock 

The use t n glucocorticoids for treatment of hemorrhagic 
shock is controversial. Some studies in dogs suggest that 
dexamethasufte sodium phosphate (5 mg/kg, IV) may im¬ 
prove blood flow to the kidneys, lungs, and gastrointestinal 
tract (Pa pi eh .and Davis, 1989). Other supportive measures, 

particularly aggressive fluid therapy, must also be inxii- 
luted Appropriate fluid replacement therapy ensures ade¬ 
quate drag distribution to target tissues. 
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(Florinef) or DOCP is unavailable. prednisone or cortisone 
may pro v ide adequ ate miner a loci srt i coid act ivity. 


Neoplasia 

Prednisolone is often included in combination chemother¬ 
apy protocols for treatment of lymphoma and multiple 
myeloma for their cytotoxic actions The 4*c of glucocorti¬ 
coids as a single agent for treatment of lymphoma can 

rapidly induce multiple drug resistance in the neoplastic 
cells. When this occurs, the tumor will fail to respond not 
only to prednisolone hot also to other chemotherapeutic 
agents [doxomhicin, vincristine) as well For this reason. 

single-agem chemotherapy of lymphoma with prednisolone 

is not recommended. Glucocorticoids are often used in 
patients with mast cell tumors to decrease the inflammatory 

response associated with mast cell dcgnuiuhdion. Addition¬ 
ally, glucocorticoids may induce a partial or complete re¬ 
mission in some canine patients with mast cell tumors 
(McC*w ct al , 1W), 


Ophthalmologic 


Topical gliKrocorticoid therapy is efficacious for treatment 
of noninfeefious conjunctival, scleral, corneal, and anterior 
uveal inflammatory diseases. Before topical corticosteroid 
use, however, the corneal epithelium should he examined 
{via fluorescein dye> for the presence of corneal ulceration. 

The presence of conical ulceration precludes the use of 
topical conics toroids. Prednisolone acetate penetrates the 

intact conical epithelium and is therefore effective for 

treatment of intraocular inflammation i Davidson, I9H9|. 


Systemic absorption of topical ophthalmic corticosteroids 
has been documented in dogs. Systemic glucocorticoid 
therapy is necessary for treatment of noninfectious poste¬ 
rior segment inflammatory conditions. 


Hematopoietic 

Glucocorticoids arc the mainstay, first-line therapy for both 
immune-mediated hemolytic anemia and thrombocyto¬ 
penia. There is anecdotal evidence that initial treatment 
with dcxaiticthiisiMe may be superior to prednisone therapy, 

bui no ctmtndied studies have substantiated this churn. 

Prednisone (2 to 4 mg/kg per day) or tkxameLhasone (0.3 
to 0.6 mg/kg per day) therapy should he continued until 
erythrocyte or platelet numbers steadily increase. Subsc 
quently. the dose should He slowly iover 3 to ft months) 
tapered. Addition of glucocorticoids is also beneficial few 
treatment of immune-mediated neutropenia and for treat 
mem and prevention of transfusion reactions. 


Hypoadrenocorticism 

An addisonian crisis requires treatment with rapid-acting 
glucocorticoids and mincralocorticuids. Not all synthetic 

glucocorticoid* are effective for replacement of mmeralo 
con i coid delta ency Dexameibasone roethy I predn istdone, 
triamcinolone, and betamethasone .ire virtually devoid of 
mineral'icorticiml activity, For treatment of acute hypoadre¬ 
nocorticism. if j mineraloconicoid such as fludrocortisone 



Adverse reactions resulting from glucocorticoid therapy 
can occur through either cessation of therapy m prolonged 
use. Acute adrenal insufficiency results from rapid with¬ 
drawal of glucocorticoids after prolonged treatment {see 
earlier discussion of clinical use). Tenronation of gluoocor- 

tteo'd therapy in a chronically treated pattern should be 
performed gradually over several months Complete recov¬ 
ery of the hypothdamiC'pttuitary -adrenal axis may require 
months. During this tiw, patterns may need supplemen¬ 
tal glucocorticoids under 11 stressful'*' situations (c.g., vur 
gcryj. 

Complications of glucocorticoids related to prolonged 

therapy are described Later. In general, dogs are more 

susceptible to these complications than are cats. The inci¬ 
dence of adverse effects resulting from glucocorticoid ad- 
ministration is frequently related to the dose and duration 
of treatment. Alternate-day therapy with short-acting prepa¬ 
ration^ can significantly reduce the incidence of adverse 

reactions. 


Central Nervous System 

Glucocorticoids induce polyphagia in dogs and to a lesser 

degree in cats This may contribute to the development of 
obesity in some patients but may stimulate the appetite of 
an anorexic patient. Changes m mood or behavior have 
been noted in human patients treated with glucocorticoids. 

Although these Me more difficult to- docutnem in veterinary 

patients, roost clinicians have noted positive attitude 
changes in patients being treated with glucocorticoid*. 



Muscle weakness and muscle atrophy are commonly ob¬ 
served in dogs with hyperadrenocorticism and dogs reoeiv - 
ing large doses of glucocorticoid!; (see previous discus¬ 
sion). These effects in part reflect rouble wasting that 

may result from the catabolic gluconeogenic effects of 

glucocorticoids „ 

Glucocorticoids arc associated with osteoporosis. and 

vertebral compression in 3tYk to StbS of human patients 

receiving the drugs chronically. Mechanisms include direct 

inhibition of osleobLasts (decreased bone formation), inhi¬ 
bition of calcium absorption from the intestines, increased 
parathormone secretion, which in turn increases osteoclasl- 
mcdiated hone resorption. and increased calcium excretion 
(Schimmer and Parker. 1995). Osteoporosis is not a clini¬ 
cally recognized entity in small animals receiving glucocor¬ 
ticoids, in part because of differences in body posture as 
well 3 l\ duration of therapy. Prudence is indicated, however, 
when glucocorticoids are used in the face of conditions 
that facilitate or are facilitated by the negative sequelae of 
glucocorticoids on bone formation. Aseptic necrosis has 
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been reported in human patients after a short course of high 
doses of glucocorticoids iSchimmer awl Parker, 1995 J 


Gastrointestinal anti Liver 

The Likelihood of glucocorticoids causing gastrointestinal 
ulecration ii controversial. [n general, patients that develop 

uiteration ore predisposed to ulceration due to stress or are 

receiving other drugs that contribute to gastmintesiina] 

damage, most notably nonsteroidal arui inflammatory 
drugs In stressed am mils, peripheral e fifed * of centrally 
or peripherally mediated norepinephrine may be important 

to the manifestation of gastrointestinal ulceration mediated 

by glucocorticoids (Bakke et al. 19X6).. Colonic perforation 

][i dogs with spinal cord injuries has been associated wiLh 
the use of dexamethasone, perhaps in part due to nwdula- 
Lion of local blood flow. Pancreatitis has been associated 
with the use of glucocorticoids alone and in combination 
with azmhioprinc. GIucoconicoids can induce hepatocellu¬ 
lar swelling due tt> fat, glycogen, or water accumulation. 

Clinically these changes are seen as hepatomegaly and 

elevated liver enzyme activity. In dugs, induction of a 
steroid-induced alkaline phosphatase isoenzyme occurs in 
palienis receiving glucocorticoids. 


Metabolic 

Glucose intolerance, insulin resistance, overt diabetes niel¬ 
li tus, and hyperlipidemia can be induced in canine patients 
receiving glucocorticoid therapy. 


Endocrine 


Exogenous administration of glucocorticoids suppresses the 

hypothalamic-pituitary-adrenal axis via feedback inhibition 
on the anterior pituitary ami the hypothalamus, Oirotik 
suppression of ihe avis can. result in iatrogenic: hypoadreno¬ 
corticism on discontinuation of exogenous glucocorticoids. 

Glucocorticoids cause a decrease in plasma concentra¬ 
tions of total triiodothyronine, thyroxine, and thyroid stim 

ulating hormone, with a normal free triiodothyronine and 
i h y rti x i ne c o ncentrat ton (Pe Idman and Ne Sson. IV8 7 b) 
Therefore, when assessing thyroid function in animals re¬ 
ceiving glucocorticoid* thdr influence on total thy mid 

hormone concentrations should be kepi, in mind, Glucocor¬ 
ticoid administration does not result in clinical hypothy¬ 
roidism btrcuuMi the fee hotJiiwte cixiecntnitkm is mini¬ 
mally affected. Glucocorticoids increase parathormone 
secretion. 


Renal 

Polyuria and polydipsia are classically associated with glu¬ 
cocorticoid excess (cither endogenous or exogenous | r Sev¬ 
eral factont probably contribute to this effect, including 

increased glomerular filtration rate due to increased vascu¬ 
lar volume, increased renal calcium excretion, inhibitory 


actions on anudiureUc horrnorte. and direct actions decreax 
mg permeability of the distal tubule,. 


Cardiovascular 

Many human patients receiving glucocorticoids develop 

hypertension ys a result of sodium retention Hypertension 

occurs to dogs with h y peradrenocorticism and presumably 

could in veterinary patients receiving exogenous glucocor¬ 
ticoids also. Postulated mechanisms for hypertension in 
canine bypcradrenocorticism include increased activation 
of angiotensin J. increased vascular responsiveness to cate¬ 
chol, imines. and reduction of vuiuKlilator pmsiaglandins. 


Immune Function 

Glucocorticoid therapy ^ associated with an increased risk 
of bacterial, viral, and fungal infection, although this effect 
is dose dependent, A single dose of a short-acting to 

intermediate-acting glucocorticoid is unlikely to signifi¬ 
cantly suppress immune function. Chronic administration 
of glucocorticoids can result :n recurrent cystitis, scptice- 
mm. and endocarditis. This docs not, however, justify the 
routine use of ammucTohtals to ''cover 1 ’ the patient in 
order lo avoid bacterial infection. A bactericidal antimicro¬ 
bial agent selected on the basts of culture and sensitivity 
result's should he used in the case of a documented bacterial 

inf eel ion, 



Pulmonary thromboembolism is a potential complication 
of hyperadrenocorticism and presumably can occur with 
excess exogenous glucocorticoids also. The exact patho¬ 
physiologic mechanism is unknown but may be a result of 

obesity, hypertension, increased hematocrit, oi hypercoagu¬ 
lability In addition, because of the myopathic effect of 
glucocorticoids, muscles of respiratory function may he 
weakened in animals receiving high doses of glucocorti¬ 
coids (Schi miner and Parker, 1995). 



The administration of small doses of glucocorticoids to 

children has been associated with retardation of growth 
The mechanism may reflect changes in collagen synthesis 
but ate likely to be much more complex. Pnepartum expo¬ 
sure to glucocorticoids c m predispose experimental ani¬ 
mals to malformations (e g . cleft palate). 



Glucoconicoids produce profound actions on virtually all 
systems of ihe body. Many of these effects can be tolerated 
by a healthy animal, but in certain disease states the use of 
glucocorticoids may be deleterious. Those diseases arid 

conditions that the authors consider to be major, moderate. 
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and minor contraindications lo glucocorticoid therapy are 
mentioned. 


Infectious Disease 


Infectious diseases are a major contraindication. Glucocor¬ 
ticoids cuil exacerbate viral, bade rial, and fungal infections 
due lo their immunosuppressive properties {although a sin¬ 
gle ami-inflammaicfy dose of a short-acting agent is un¬ 
likely to be harmful). 

Diabetes Met I it us 

■ 

Diabetes meHitus a major contraindication. Glucocorti- 
cuid-mediated gluconeogcncris and general anti-insulin ef¬ 
fects make it extremely difficult to regulate d tabetic pa¬ 
tients. 


Renat Fa it we 

Renal failure ts a moderate contraindication, Increased pro¬ 
tein catabolism induced by glucocorticuids results in in¬ 
creased quamities of niftigemAU waste products to be 
excreted. Additionally, patients with renal failure arc al 

ready immunocompromised. Further immunosuppression 

would greatly increase the nsk 01 developing pyelonephri¬ 
tis 


Corneal Ulceration 

Corneal ulceration is a major contraindication. Topically 
administered glucocorticoids delay healing ol the cornea 
and may lead to corneal perforation. 



Pancreatitis is a moderate contraindication. Glucocorticoids 

are believed to aggravate pancreatitis by increasing fatty 

ackt circulation. 


Gastrointestinal Ulceration 


Gastrointestinal ulceration is a moderate contraindication. 
Glucocorticoids promote progression of ulcerative disease 

by delaying healing, increasing acid and pepsin secretion, 
and reducing the rate of mucosal cell pn A \fcratiun in the 
gastrointestinal tract. Patients with eosinophilic enteritis, 
lymphocytic-plasmacytic enteritis and certain ulcerative 
and granulomatous enreritides are potential exceptions. Co¬ 
lonic ulceration is a significant risk in animals with spinal 
trauma that are receiving dexarnethoMHie Concurrent non¬ 
steroidal anti-inflammatory drug administration greatly in¬ 


creases the likelihood of gastrointestinal ulceration and is 
tun recommended. Misoprostil, a prostaglandin E- ana¬ 
logue, may provide protection against glucocorticoid- 

induced gastric ulceration. 


Pregnancy 

Pregnancy is a moderate contraindication. Glucocorticoid 
administration has been associated with abortion and cleft 
palate m the dog. Additionally, glucocorticoid adminiktra- 
tion to a bitch within 24 hours of parturition reduces 

neonatal intestinal permeability of immunoglobulins, 

thereby reducing colostrum absorption (Gillette and Fil 
kins. 1966). 


Epilepsy 

Epilepsy is a moderate contraindication. Endogenous glu¬ 
cocorticoids suppress neuronal excitability perhaps by po¬ 
tentiating the inhibitory effects of the ncuni transmitter y- 
aminobutyric acid. Chronic glucocorticoid use has been 

reported to be associated with lowering the seizure thresh 
old. The mechanism for this possible effect is not dear. 
Exogenous glucocorticoids may. however, down-regulate 
steroid receptors, resulting in increased neuronal excitabil¬ 
ity 
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Claudia L. Barton 


Throughout the centuries the sufterers ol this hu,ve been ll*e- subject of alrttoM ever) 1 

cii kLiV'ihlf* form ui rupee mcmuliiHi. Tlie lie Ids and ftmetfu. the spoiheeiuy step and lenipk have been 
ranuckcd for some wcccnful means of relict from this intractable malady. Hardly any animal has 
escaped making its cuntribuliun in hide ur hair, tooth or toenail, thymus or thyroid, liver or spleen in 
the vain search For a means of relief." 

BainbmiOgc 
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INTRODUCTION 

COMMON SIM EFFECTS OF 
CHEMOTHERAPY 

DflUGS USED I ft? CANCER CHEMOTHERAPY 

Alkylating Agtnu 

Cyclophosphamide 

Mdphfllan iPtitrvylalinina Mustantl 

Chlorambucil 
N itrottiureos 
Daeartimzina 


Mtolic Irh^bitori VmcB Aku u-ds 
Arhtumar AntitMobcs 
PoiorulHcin 

Doxorubicin Analog utt 
Dictinoinytki IActinomyc in D) 

Bleomycin 

Mitountrofl* 

Anumatabulitfli 
MathotrtMtie 
Cvtaane Arabtnoaicte 


5-RuorouTKil 
Hydrcwyvrw 
Platinum Drags 
Gitpiftti ft 

Carbopiatin 
Mitcaflafiaoux Drags 
L-AiparaQinut. Fapiipjrpu* 

firosicam 
Cert re-': ttroids 



Before appro priaii: treatment for a particular cancer can be 

institute*! the tumor must first he diagnosed by cytology 

or histopatholngy Testing is then conducted 10 allow slag* 
ing of (he tumor—-to determine if there is clinically visible 
evidence of metastatic spread. Lymph tuxie cytology oc 
biopsy, radiographs, ultrasound examination*, and com¬ 
puted tomographic or magnetic resonance imaging scans 
may be used as staging procedures. Finally, (he biologic 
behavior typical for the cancer must be considered. If, as a 
rule, the tumor remains localized, surgery or radiation 
therapy—or a combi nation of ihe two—may be the best 
way IQ obtain cure or control* If the tumor is likely to 

metastasize by lymphatics or hemalogenoudy, however 

some form of systemic therapy must be added to maku a 
cure more likely. Systemic therapy involves the adminidym* 

tion of biologic agents, hormones, or cytotoxic chemother¬ 
apy. Theoretically* cancer chemotherapy is given to kill or 
suppress the growth of malignant cells without killing 
normal cells in fact, however most of (he commonly used 
drugs are capable of killing both normal and malignant 

cells*. depending mi the dose administered. To be useful in 
clinical practice, an antineoplastk drug must possess selec¬ 
tive toxicity—in other words, it should be more toxiv to 
cancer cells than to the normal host cells at conventional 
doses.- This chapter addresses the cytotoxic agents com¬ 
monly used in the treatment of cancer in dogs and cats. 

Drug’s used in chemotherapy cause their anticancer ef¬ 
fects by interacting wiih important substrates or enzymes 


thill arc related u> DMA synthesis or function. Therefore* 
most anticancer drugs ore ineffective agaimt cells that arc 

not active 1> proliferating. Tumors with a high mitotic index 
are much more likely to be sensitive to chemotherapy than 
those in which mitotic activ rly is low. Because chemothera¬ 
peutic drugs are effective principally on cells that are 
actively replitaung. it is important to have an understand¬ 
ing of ihe phases of the cell cycle before discussion of 

individual drugs (Fig. 18-1). The part of the cell cycle in 
which active mitosis occurs has been termed the **M" 
phase; it is quite short in all cells, generally lasting Jess 


s 
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than I hour. The period during which DNA synthesis 

occurs for chromosome doubling in preparation for mitosis 
is called “S" and ranges from K ro 30 hours. When sden- 

tiMs began In learn about ceil division, they realised that 
there were other phases in the cell cycle; because they did 
mn understand what was occurring in the cell at these 
times, the phases were called ' CT’ (G, aod G/t for + 'gap. 
G l follows mitosis, and protein synthesis and UNA sran- 
*c option are occurring during this phase. G, is extremely 
variable in length„ depending on the cell type, ranging from 
7 to I7EJ hours. G^ precedes the next mitotic event and is 
usually brief, ranging fmm 1 to 4 hours. Go has been used 
to liesenbe those cells that are not actively cycling Certajn 
cell types, such as myticytes and neurons, enter G„ and 
rarely or nexcr cycle again Olhei cell types, such as 
hepatfK vits, proliferate in young animals and then cease 
cycling at maturity but arc capable of beginning to cycle 
again if cell replacement ji necessary. 

Chemotherapeutic drugs can be classified into three 
groups baied on their activity in the phases of llw cell 

cycle. Agents that air considered to be Lethal lo cells in all 
phases of the cell cycle* with resting cells is sensitive as 
proliferating cells, are culled t yvf* nt-na^nrijfc. Examples 
include nitrogen mustard and high-dose cyclophosphamide. 
Agents that are capable of damaging both resting and 
cycling cells (although cells in cycle are much more semi- 
ti vc I i nc Iudc eonvcntionabdose eycIopho%phamicle and 
doxorubicin. These drugs spare resting cells and arc called 
ijirif spt-ctfu. Agents that are phase iper iftt exert their 

lethal effects exclusively or primarily during one phase of 
the edl cycle, usually S or M: resting cells and cells in the 

other phases of the cell cycle are not killed., Examples 
include methotrexate, cytosine arahinoskk. artel vincristine. 
Most cancers in animals as well as m humans arc 

diagnosed only after they arc well advanced In die I on k 
S kipper used the rodent 1.13111 leukemia to illustrate this 
point and to determine cell kill kinetics in tumors (Skipper 
ct aL 1964 . The LI 210 Leukemia is a rapidly growing 
tumor with a growth fraction of 100% and a doubling time 

of only 12 hours. At this rate of growth, a billion cells 
would accumulate in the rodent only l 4 # days after injection 
of a single cell! After treatment of the leukemia with 
chemotherapy. Skipper et al. (1964) determined ihat cyto¬ 
toxic drugs kill by log kill kinetics; that is. a given dose of 

an effective drug kills a constant fraction of cells and not 

a constant number, regard Levs of the number of cells pres¬ 
ent. This principle is known as iht fractional kill hvpofhe 
-tri. For example, if a certain drug is known to kill 90% of 

the tumor cells present, it will kill 90% of the cells whether 
the beginning number is 10 cells or 10 billion cells. Thus, 
thcoret ica 11 y. it should be possible to cure with chemother¬ 
apy with rapid successive administration of chemotherapy' 
drugs (Table 18 1). In fact, anlincopUstic drugs kill an 
extremely variable fraction of cells, ranging from a very 
small fraction to a maximum of 99 99%; for many tumors, 
the fractional kill is disappointingly small Theoretical 

wiih chemotherapy are prevented by f I) our in¬ 
ability to give drugs in rapid succession because of host 

toxicity and (2) tire development of a drug-resistant popula¬ 
tion of tumor cells during the course of treatment. 

Tumors as small as l g (Iff 1 tumor cells—I billion) mu\ 
be detected in die body* especially if they are located in 


“cures" 


TaMa IS-1. Tumor Depopulation Related to Snccessuvn Drug 
Cycles Assuming e 90% Fractional Csll Kill in ■ Model System 
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areas like the skin or mouth it is far more common, 
however, for tumors to escape detection until they ore 10 
g t|0 lfl rumor cells) oi more The maximum malignant 
tumor mass compatible with life in human* is about I kg 
(I0 1 tumor cells t. If one assumes that a given tumor 
originates from a single cell, then a l-g rumor (Iff cells) 
has gone through 30 doublings from the original cell. To 
get to 1 kg, only about 10 more doublings must take place,, 
It should be clear from these sobering numbers that a large* 
unresectablc tumor burden with only modest sensitivity to 
chemotherapy cannot be cured or. in many cases* even 
palliated with conventional chemotherapy administration 
protocols. The average volume doubling time for various 
human solid u,c., noijleukcmicj tumors is abour 2 months. 
For certain rapidly growing tumors such as embryonal 
nephroma, seminoma. lymphoma, and the leukemias* how¬ 
ever, the volume'doubling time is less than 1 month. For 
other tumors, the volume-doubling time is as long a 1 ' 1 
year Because chemotherapy affects rapidly dividing cells* 

tumors with short volume-doubling limes are generally 
chemotherapy sensitive, whereas tumors with long volume- 

doubling limes are generally chemotherapy resistam. 

In considering the efficacy of chemotherapeutic drugs* 
criteria have been described for measuring, response* This 
evaluation is conventionally made alter two cycles of che¬ 
motherapy have been administered: 

Ctnnpfete rrxpnrfsr (I Rh- resolution of all measurable 
neoplastic disease for a period of ai leasi I month. A 
chemotherapeutic drug th*d can cause a CR ill a 
significant number of animals with a specific cancer 
is quite likely to increase disease-free survival, espe¬ 
cially when used as an adjuvant agent. 

Partial response (PRh reduction in measurable tumor 
dimensions o| at least 50% for at least I month, 

Altlmugh ii temporary PR may provide the animal 
with some decrease in discomfort from the cancer* it 
is unlikely lo have a significant effect on survival. 

Stable disease (SDh -No change is noted in measurable 

tumor dimensions, or a response is seen that is less 
than a PR. 

Certain criteria may be useful for declaring a treatment 
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protocol ineffective or unsafe in a specific patient. Progres¬ 
sive growth {greater than 15% I in a mensurable tumor 
lesion or the appearance of new- lesions after two cycles of 

chemotherapy would suggest that the protocol is not useful 
for the tumor being treated. Severe toxicity with irrevers¬ 
ible. cumulative, or unpredictable manifestations a ho gen¬ 
erally suggests thill the drug should no longer be used for 
this particular patient. If symptoms from the cancer lead to 

the patient's deterioration* with the only response to drug 
treatment being SD or PR,, the drug should be discontinued 
and another treatment selected if possible. 

The common cancers in dogs and cots cun he broadly 
divided into three categories, lire first category is tumors 

in h htch the celts are exquisitely sensitive to ch - mothcrupy. 
In these tumors, CR can usually be obtained, and chemo¬ 
therapy is therefore the accepted treatment of choice. Cure 
or complete, long term remission can be expected, and 
surgery or radiation therapy will not generally be necessary 
to decrease cell numbers hefirre chemotherapy is adminis¬ 
tered, An example would be the IninsmissiMe venereal 
tumor for which an extremely high cure rate is possible 
with vincristine administration even when metastatic dis¬ 
ease i* present. Another example is lymphoma, for which 
rapid and complete response is seen with chemotherapeutic 
treatment. In most cases of lymphoma, however, remission 
lasts only I ft to 12 months because a drug-resistant popula¬ 
tion of tumor cells develops during treatment. For this 
reason, chemotherapeutic treatment of canine and feline 

lymphoma h generally considered to be palliative, not cura- 

ti ve, 

The second category is turnon in which the re!is tire 
onh motlesit\ sensitive to chemotherapy. Partial response 
max he obtained in some of these tumors, whereas in 
others response to drug treatment may be minimal. Chemo¬ 
therapy may play a part in the management of these cancers 
hut only with previous or concurrent surgery or radiation 
therapy. An example of this type of tumor is canine osteo¬ 
sarcoma, for which carhoplaiin is often used as an adjuvant 
treatment after amputation. Adjuvant chemothertipy is 
given along * ith or after another treatment modality, like 
surgery or radiation therapy, lo increase the percentage of 
curative resections; m other words, it is used m hopes of 
convening a palliative treatment to a cure Realistically, 
cures may occur but are rare in tumors with modest sensi¬ 
tivity to chemotherapy; palliation with some prolongation 
of life is generally die best result that can be expected- 
The third category is tumors far which chemotherapy is 
onh rurrty of mi x mine for ptillutrion or cu n: Progression 
of the cancer despite chemotherapeutic treatment is the 

outcome for most of these cancers. Many it not most 
tumors of dogs and cats rill into this category. 

In principle, all cells that are actively cycling in the 
body should be sensitive to chemotherapy; however, the 
fact that chemotherapy is generally only modestly effective 
speaks to the fact that this is not entirely true. In many 
cancers, the tumor cells arc actually less sensitive to cyto¬ 
toxic drugs than are the hematopoietic cdb within the 

marrow cavity. This forces it clinician to give a chemother- 

apeutic drug and wail to evaluate the toxic effects produced 

before another course of treatment can lie administered. 

During the interval of lime in which the dog or cat A 
neutrophil or platelet count is too low to receive another 


drug, endogenous hematopoietic growth factors arc being 
produced, mediating proliferation of stem cells, and the 
bone marrow recovers and peripheral ceil counts return to 
normal. Return of blood counts to normal after chcmothcr 
apy is the usual point at which another course of treatment 
may be given. It is important not lo give another cycle of 
chemotherapy when peripheral blood counts are extremely 
low because stem ceJI-x are actively proliferating at this 

lime; treatment with cytotoxic drugs administered when 
stem cells are actively dividing increases the chance that. 

the stem cell population may be killed and recovery may 
never occur. In humans this is the point at which bone 
morrow or stem cell transplantation is performed 

Unfortunately. tumor cells may recover from chemother¬ 
apeutic injury and begin to proliferate again before the 
animal's marrow recovers. Even when a tumor is exqui¬ 
sitely sensitive to drug treatment and an apparent complete 
response is obtained, a line of drug-resistant ceils often 
develops. It is a common clinical experience to find that a 
tumor may respond quite well to the finu treatment with a 

drug, with progressively less impressive responses as the 

drug is given repeatedly. Classically, multiple-drug resis¬ 
tance occurs when large numbers of the cells in a tumor 

express a gene that produces P-glycoprote in, a iransmem¬ 
brane protein important in cell transport. This protein 
pumps chemotherapeutic drugs from the inside of the cell 

to the extracellular environment so that they cannot acl 
within the cell. Other mechanisms leading to acquired ding 
resistance include (1) the development m the tumor cell of 
alternate metabolic pathways to avoid the chemotherapeutic 
drug's mechanism of action; (2) a decrease in the fraction 
of tumor cells actively dividing after several cycles of 
treatment, thus protecting the remaining cells against dam¬ 
age; and (3) tumor cells may enter a biologic "sanctuary 
die" in which they arc protected from injury because of a 
lack of drug diffusion into Thai area (i e>. brain i Delaying 
administration of chemotherapy because of hemaioprietk 
or gastrointestinal toxicity often results in a patient in 
apparent "remission," with no visible neoplastic disease 
but with large amounts of microscopic tumor. 

Mull i plc-drug resistance ultimately develops as a result 
o! chemotherapy being administered in a regimen that 
is “l«o little, too late." The highest possible doses of 
chemotherapy given as frequently as can be tolerated by 
the patient, early in the course of the neoplastic disease 
{when smaller numbers of cells, are present), have a much 

higher chance of producing a cure than chemotherapy given 
after a large number oi tumor cells have infiltrated various 
organs. In humans, the wait for marrow recovery has been 
overcome with the use of bone marrow or stem cell trans¬ 
plants, performed after chemotherapy treatment given in 
doses high enough to kill tumor cells as well as ablate 

normal marrow cells. The extreme expense, technical dif¬ 
ficulty, and morbidity of this procedure do not allow for its 
use in dogs and cats as a routine clinical procedure as yet.. 
In veterinary oncology in the waning days of the twentieth 

century, we are limited to palliation of tumors; only rarely 

can we expect to cure, 

A regimen of chemotherapy treatment can foe divided 
into several phases, The period of induction is the. initial 
in tensive chemotherapy intended to produce Remission. Re¬ 
mission is defined as the point at which no measurable 
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tumor mass cun be found; for lymphoma, remission is 
declared when the enS arced lymph nodes, liver, and spleen 
have relumed u> normal size and mail gram cells have 

disappeared from the bone marrow. This does not mean 
that all (or even most) tumor cells have hern killed, how¬ 
ever, and consotidaiHm therapy with different drugs may 

be given after apparent clinical remission to prtriucc a 

larger minor cell kill, For some minors such as lymphoma, 

the animal may be given ‘pulse" doses of drugs after 
induction and consolidaiion to maintain the gains obtained 
with the induction protocol; this is called the maintenance 
phase of chemotherapy. Recently, intern fixation protocols 
have been described for tumors in which drug resistance 
is common. These protocols are administered during the 
muirttenancc period when the patient sv in apparent remis¬ 
sion and are an attempt to kill developing drug-resistant 
clones of cells by using one or two drugs at high doses, 
"'Combination'' chemotherapy is, in general, more ef¬ 
fective than single-agent therapy. Use of multiple drugs 

sequentially provides additive antitumor effects without 

greatly increasing host toxicity, especially if drugs are 
selected careful I y. Combination chemotherapy may delay 
tumor resistance to drugs compared with single agents. 

Picking different drugs that have effects on moire fharr one 
cel I-cycle phase may also result in a greater fractional cell 
kill per cycle of chemotherapy. 

There arc three phases in the development of a new 
chemotherapeutic drug. Many man • made chemicals and 
naturally occurring compounds arc screened I generally by 
the National Cancer Institute or by industry) for cytotoxic¬ 
ity. first an culture-s of cancer cells and then in mice or rats. 
If a particular' compound looks promising, a Plm,w / trial 

is conducted, providing an initial pliannacoLogic evalua¬ 
tion. The appropriate mode of administration is established 

for the drug, and common side effects are discovered 
Patient tolerance of increasing dosage is also determined. 
Phase I trials are conducted on very small numbers of 

patients, generally with advanced and ultimately terminal 

cancers for which no conventional treatment is available, 

and doses tolerated by these patients may be bdou, the 

ultimate therapeutic range. If tin* compound shows no 
prohibitive toxic ily and shows even -slight efficacy ISD or 
PR in a few patients), the Phase // trial begins, in this 
phase, "screening" for efficacy of the drug against a van 
etv of tumors is conducted. After the spectrum of activity 
i\ determined, dose-response relationships are determined. 
‘Hie Phase I'll trial is then used 10 determine drugs that 
work effectively together, and the new combination proto¬ 
col is ultimately compared with the existing "besfo Lreal- 

ment. 


Tradi initially, in estimating the appropriate dose of u 

drag to administer to 4 patient, clinicians have used body 
weight of the patient as the main criterion: the dose has 
been figured a> the number of milligrams per kilogram to 
he given. In a scries of studies begun in the IKbOs, how¬ 
ever. ii was demonstrated that many physiologic parameters 
could heller be estimated on the basis of body surface area 
|BSA). Basal metabolic rate, blood volume, cardiac output, 
and renal function parameters were found to correlate much 
better with the individual's BSA than with weight. It was 
then found that drag doses calculated per unit of body 
weight were greater in smaller animals and children than 


in larger animals and adults, whereas doses calculated per 
unit of surface area were similar for all ipectes and ages, 

Based on the findings 111 these studies, researchers con¬ 
cluded that B%A might be useful as a standard for calculat¬ 
ing drug doses in cancer chemotherapy flic calculation for 
determining BSA for a given species is mwk by using 
the formula 


BSA in m 


K , X W= 


n 


it>* 


in the above formula, K*, is a factor based on the different 

metabolic rate of each species; for the at it is Kiri, mi 
for the dog it is ]0.1 W is the body weight in grams. 
Because the K values for dogs and cat arc quite close, a 
table has been formulated that allows for quick estimation 

of the BSA based on the animal's weight in kilograms 
(Table 18-2), The Appropriate dose of the chemotherapeutic 

agent to be administered is calculated by multiplying the 
dme/nr by the paticmA BSA (ni 1 ) taken from the table. A 
serious and potentially fatal mistake made by sorin' clini¬ 
cs ana when using a nomogram or table to estimate the BSA 
has been to use the animal * weight in p*funds rather than 

in kilograms. To avoid this, a good rule is to calculate the 
dose of s. chemotherapeutic drug yourself and then ask 
another individual to separately calculate it also before die 

drug A administration. 

Recently, the use of BSA as a means of calculating 
doses for all chemotherapeutic agents has been questioned. 
For many chemotherapy drugs, myelosuppression is the 
most common form of toxicity and is dose limiting; it has 
been found dial BSA docs not correlate wc)J with cither 

stem cell number in the bone marrow or resulting hemalo 


Table 1b-2, Convertion Tibia of Weight to Body Surface Area 
in Meters for Oops 
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poielrc toxicity, In facl, correlation i* highly significant 

between boric marrow effecix of the cytotoxic drugs and 

body weight. 

A Phase I study in dogs was performed to evaluate 
toxicity of doses of intravenous mclpbidiun calculated by 
BSA, A significantly greater number of small dogs ex peri 
enced significant toxicity than did large dogs {Page et aL 
J9K8i, Another study compared marrow toxicity induced 
by doxorubicin given at 30 mg/m' to that induced by the 
drug given ,it doses calculated at I nig/kg {Arrington et al,, 
IW). Li was found that a disproportlunate Iy greater num¬ 
ber of dogs weighing less than 10 kg developed severe 

myelosuppression at the 30 mg/m dose than al the 1 mg/ 

kg dose. 1 united toxicosis was seen in dogs weighing 
greater than Hi kg with either of the dosing schemes, 
however Plasma doxorubicin concentrations were les* after 
treatment at the 1 mg/kg dose in both laige and small dogs 
than in those given 30 mg/m 1 , and cl is possible that 1 mg/ 
kg may be- an i ^appropriate I y low dost* for treatment of 
animals with cancer. 

For drug> that may produce severe myelosuppression* 
measurement of hematopoietic stem cell numbers for each 
individual patient would dearly provide the most informa¬ 
tion to prospectively calculate doses for chemotherapeutic 
agents. Until such a test is available, however, we must 
use the times available in the literature, always carefully 
taking into account the individual animal s response to the 
previous drug dose before administering the next treatment. 
If a. dose of I mg/kg is well tolerated by a dog or cat 
weighing less than 10 kg t the next dose may he increased 
slightly, gradually approaching the dose calculated by BSA: 
this is called dose esrai&ltio ft. 


In daily clinical practice, we judge the adequacy of 

therapy by measuring the response of visible, measurable 
masses; only much later arc wc able to evaluate the results 
of our treatment by survival results. In a rodent model for 
osteosarcoma, reduction in the dose intensity of melphalan 
and cyclophosphamide caused a marked decrease in the 
cure rate Ion$ before there nm a rrdurrion in ike rate nf 
complete clinical remission. On Ihc average* it is estimated 
that a lime reduction of approximately Zh% leads to a 
loss of in the cure rate (DeVita, 1993). A positive 
relationship between dose intensity and response rate has 
been demonstrated in many human tumors, including lym¬ 
phoma and ovarian, colon, and breast cancers We should 

administer the highest dose of a chemotherapeutic drug 

* ■ ■ 

that can be tolerated by the patient if we are attempting to 
cure; if palliation is oui only goal, a dose that will produce 
clinical remission without dose escalation is possibly ap¬ 
propriate. Careful patient monitoring for therapeutic re¬ 
sponse arid toxicity is still the best way to titrate the drug 
dose for each individual patient. 

Because chemotherapeutic drugs are quite toxic, the 
following guideline* for making the decision to begin che¬ 
motherapy are critically important: 

1. Use chemotherapeutic agents only w hen a diagnosis 
of malignancy has been established definitively, either by 
cytology or histopatbology. 

2. Determine whether the particular tumor is known to 
respond to the treatment in a reasonable percentage of 
cases, with tonicities that will be tolerated by the patient 
and its owner. 


3. Follow objective measurement* of the tumor or ns 
markers {e.g., hyperglubulinemia. hypercalcemia) if at all 

possible hi determine whether die chemotherapy being ad¬ 
ministered is of benefit or should be discontinued. 

4. Do not use chemotherapy for u patient unless proper 
supportive facilities are available for monitoring and treat¬ 
ment of any complications. 

$ Do not use chemotherapy unless the animal** owner 
is likely to be compliant with instructions for drug adminis¬ 
tration arid monitoring and observant of early sign* of 
complications. 


COMMON SIDE 




Cell* of normal t^sue art damaged by chemotherapy; most, 
given time, will recover, Tissues that are especially affected 
include those in which the cells have a short life span and 
require constant renewal tie,, bone marrow, gastrointestinal 

mucosa, gonads, and hair follicle*). Myelosuppresston and. 

subsequent infection ore the most common dose-Limiting 
toxic effects of chemotherapy. Drugs that seem to be partic 
ulariy myeLovupptressive in dogs and cats include cyclo¬ 
phosphamide, carboplatiit, doxorubicin (particularly when 
used in combination with another chemotherapeutic agent), 
CCNU (chi oroethy I -cy clohe xy l-nitrosourca), BCNU {bis- 
chloroethyl-nitrosourea), and vinblastine. In some cats, vin¬ 
cristine has been it Hied to produce a marked and prolonged 
neutropenia {Hahn et al., 1996). 

Many mechanisms contribute to infection after chemo 
therapy. Certain chemotherapeutic agent* prevent phago¬ 
cyte mobilisation or impair function of these cells. Some 

cancers infiltrate the bone marrow, producing myetaphthisis 

and contributing to cytapenias. Suppression of leukopuiesis 
by chemotherapy drugs may lead to associated barrier 

disruptions of the skin, oral cavity, auk! alimentary tract 
mucus, and the normal pulmonary “mucociliary elevator” 

may not function effectively to clear bacterial organisms. 

Hmtogenou* bacterial infections may develop, caused by 

the host’s native rnicrobial flora; these are commonly due 

to aerobic and anaerobic gram-negative rods from the gas¬ 
trointestinal tracl or Staphylvc(Kcns from the skin. In addi- 
tion, hospiiaUjwd patients frequently develop catheter re¬ 
lated bacteremias, often due to microbes transmitted to the 
susceptible pattern From the hospital environment or from 
another animal; these organisms may be antibiotic resistant 
Patients with absolute neutrophil numbers more than 
IMKVjxL are generally protected against endogenous infec¬ 
tions. Fn «n 1000 to 1500/pL, the owner is advised to 

monitor the animal'* condition and report any fever or 
anorexia. From 500 to 1000 /lsL, prophylactic antibiotics 
are generally dispensed unless ibe period of neutropenia is 
anticipated to be very short. When the absolute neutrophil 

number is less than 500/pL, the animal should probably 

be hospitalized for intravenous antibiotic administration, 

and treatment with granulocyte colony-stimulating factor 
may be considered fn general, antibiotics should not be 
given pmphylaetically for neutropenia unless necessary be¬ 
cause they increase risks for development of bacterial resis¬ 
tance and For fungal infection in the immunocompromised 
patient. 

When necessary, choice of an empirical antibiotic regi- 
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men should take into account the type of infection the 
patient is likely to have ■ -home acquired (probably endoge¬ 
nous) or hospital acquired {likely to b t exogenous awl 
possibly antibiotic resistani), An appropriate antibiotic 

combination lor use m the febrile neutropenic patient an 

aminoglycoside plus an antipscudotnonal penicillin (hear- 
all in, carbciiicillin, piperacillin mu cephaJospori ii lcephalu- 
thin. ccfazolin, cefoxitin I. The riu regeneration cephalospo¬ 
rin ceftazidime h an antibiotic with an excellent spectrum 

of efficacy against gram-negative bacteria and Pseudomo - 

*m\ and il is modcnildy effective for treatment of Siaphy- 

lofoi-i'us infections Because it hits poor efficacy against 
anaerobic organisms, it nuisi be combined with a drug 
like clindamycin or metronidazole or an antip - eudomonal 
penicillin: Uiese combinations arc very useful to treat infec¬ 
tions in neutropenic cancer patients Tmipcnem is useful as 

n single agent for these patterns. with excellent efficacy 
aga ust enteric gram negative bacteria. Ps?u<tomtrtMS\ arv 
aerobes, and StaphyUmraMS* but the high cost of tins 

antjbiotic usually prevents it> u« in vetrnnary medit ine at 
this lime. 

If myelosuppression is severe aid life threatening. re¬ 
ar m b t n ant grand I oc y t« -col on y stimulating fact or (rhG - 
CSh) may tic administered. This is a human glycoprotein 

that regulates production of neutrophils within the bone 
marrow and is produced in Es 'hem hia c&ti bacteria. It 
stimulates neutrophil progenitor proliferation, differentia- 
Lion, and functional activity with minimal toxicity. Long¬ 
term use of the human product in the dog cn cat (longer 
ihun 3(1 day ■, i resulted in antibody formation, however, w ith 
significant and prolonged decreases in neutrophil counts 
(Hammond et a).. 1991k At a daily dose of .5 pg/kg 
subcutaneously, the effects of canine rG-C'Sh on the normal 
canine bone marrow are rapid and predictable (Obradovich 
el al . 19911): Mean neutrophil counts in normal dogs in¬ 
creased u> 26,33(19x1 after one injection, with a maximum 
L '■ 4 Jj i l of 72.1259x1. by day Id of administration. The 
neutrophil counts returned to normal in these dogs within 
5 days after discontinuing daily therapy. Recombinant hu¬ 
man G-CSF has resulted in similar elevations of neutrophil 
counts in the dog l Fort bmp el al., I9KK)„ In cats \n )4 
days of rhG C'SF resulted in maximum neutrophil counis 
ranging from 20.370 u> 6l.4THVpJ- (Fullon el aU 1991), 
Thus, a short course of rhG-CSF may be used in dogs or 
cats either befarv aggressive chemotherapy in an attempt 
to ameliorate or prevent mjclusuppncssion or as a rescue 
after chemotherapy has induced significant neutropenia. 

Another frequent side effect of chemotherapy relates 
to the gastrointestinal loxiciiy of these drugs; anorexia, 
vomiting, and diarrhea may be nriled in some individuate 

treated with cytotoxic agents These side effects are not 
noted in tlw dog and cut us predictably as in humans, but 
can occur in sensitive individuals with most of the com¬ 
monly used drugs. Agents with a high potential for acute 
nausea after administration include cisplatin, dacarbazine. 
the nitrosoureas, arwl high-dose cyclophosphamide; those 
with a moderate potential include carhop I at in, conven¬ 
tional-dose c\clopho^pbanude doxorubicin, mitoxantrorte, 
and, occasionally, viucrisiine. In animals with only mild to 
moderate nausea, rncioclupramidc or prochlorperazine may 
be effective. Premedicating with subcutaneous administra¬ 
tion of butnrphanol al 0.4 mg/kg often blocks the pnstad- 


mimstraiion vomiting caused by osplutm administration 

(Moore et al., 1994a.). 

In animals with severe nausea and vomiting from che¬ 
motherapy (which is, luckily, rare), the serotonin 5-hy- 

droxytryptamine (5-HT) receptor antagonists may lx- given 

either orally, subcutaneously, intramuscularly. or recta11y. 

The utost commonly available member of this class of 
drug--, is ondansetron, but several newer amirmeiies of the 
class are under development or are in clinical trials in 
humans; they art currently very 1 expensive The dose of 
ondansetron for the dog is 0.1 to 0.2 mg/lh subcutaneously 
two to three times daily. The serotonin receptor antagonists 
act mure specifically than other anticmeucs to prevent the 
vomiting induced by chemotherapy or radiation. Serotonin 
receptors of ihe 5-ITT type are located on vagus nerve 
terminals and in the chcmoreccptor trigger stone. Serotonin 
is rdeased from enterehromaftin cells in the small intestine 
when they are severely damaged. The released serotonin 
stimulates vagal afferent^ through the 5-HT receptors„ and 
nausea and vomiting ensue. Ondansetron blocks the 5-HT 
receptor si re. which prevents the serotonin effect. 

Other gastrointestinal side effects may also occur Doxo¬ 
rubicin sometimes produces a severe hemorrhagic colitis 
in dogs, [itr which hospitalization and symptomatic treat¬ 
ment with antibiotics and intravenous fluids may he neces¬ 
sary Anorexia may be noted with several drugs, especially 
in cats with doxonibicin or vincristine administration. Ap¬ 
petite stimulation with cyproheptadine may help these cats, 
but enteral feeding is occasionally necessary 

Several commonly used chemotherapeutic drugs pro 
duce phlebitis, local necrosis, or both at the site of adminis¬ 
tration if extravasuted. Those that cart be expected to pro¬ 
duce severe reactions include the vinca alkaloids, 

doxorubicin, and dactinomycin; moderate reactions may I'e 
seen wiih 5-fluorouracil. bleomycin, cisplatin. dacarbsrinc, 
and miloxiuitmne. These cytotoxic drugs may irritate die 
lining of access veins during administration, producing 
phlebitis, or may escape the cutaneous vasculature and 
spread throughout the surrounding tissues, causing a local 
inflammatory reaction (chemical cellulitis). Alternatively, 
some of the drugs produce local tissue necrosis when 
extravacated- With doxorubicin, the most dramatic and se¬ 
vere reactions are produced. Extravasation produces 

marked epidermal hyperplasia, with mitosis of many epi¬ 
dermal cells at the margins of the lesion; the reaction w ill 
contain individual necrotic kcraiinocytes. lobular pannicul ■ 
it is, and reactive fibroblasts and endothelial cells. No in¬ 
flammatory reaction will be seen. Ini the area of direct 
extravasation, panepidermal, dermal, and subcutaneous tis- 
sue net toms will he present. This necrosit begins l to 2 
weeks after die drug is extra vacated and may continue for 
up to 4 months. 

With all these drugs, extreme precautions should be 
taken to present extravasation, with meticulous care with 
venipuncture and catheter placement The infusion should 

be terminated immediately if the patient shows signs of 
pain during drug administration. If the catheter nr needle 
is ’.idt present, aspirate any fluid possible from the exlrava- 
sated area. Fot vinca alkaloid extravaxalion. inject 150 U 
of hyaluronidase through the patent catheter or needle and 

apply local heat for 15 to 30 minutes four times a day for 
hours. For anihracycline extravasation, apply an ice 
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pack fur 15 u> 30 minutes four limes a day and l MJKv 

DMSO locally several lines dash fur 72 hours; consider 
surgical removal if (he area of extrav oral ion is confined. 
Because treatment is not particularly effective in preventing 

the local irritation or necrosis caused by extravasation of 

these drugs, prevention is the best answer! 

Alopecia h common in certain breeds uf dogs after 
chemotherapy, particularly after administration of doxoru¬ 
bicin or cyclophosphamide. Hair loss is predictable in 
poodles and in ranged breed dogs of poodle lineage: it is 
also seen commonly in lemers and Old English sheepdogs. 
Occasionally, h may be doled in other breeds as well It is 
common for to lose their whiskers during chemother¬ 
apy. l : or sonic owners, the alopecia induced by chemother¬ 
apy is very distressing, and owners of breeds in which this 
is likely to occur should he prepared for this possibility 
Hair regrowth begins within I to I months after cheroother 
apy is discontinued Ah alteration m the color or texture of 

the new hair may, however, be noted; the regnown hair 

may be a lighter w darker shade and may be softer or 

curlier Hum the animaTs "normal ” hair. 

Although generally less important for dogs and cats 

with cancer than for humans, the effects oi chemotherapy 
on gonadal function should be explained to owners consid¬ 
ering treatmem, particularly if the animat is shown or has 
been used for breeding. Most of the drugs discussed in 
this chapter cause hypofertility or infertility by impairing 
production of sperm and oocytes [xiss of libido may result 
in the male due to Ley dig cell dysfunction and decreased 

testosterone levels, especially with corticosteroid treatment 
For lymphoma, Owners should consider cryostorage of 

sperm from, the dog before chemotherapy is begun It is 
common, however, to find on semen evaluation that general 

debility from the cancer itself has resulted in poor semen 
quality even before chemotherapy has been given. Revers¬ 
ibility of ihc gonadal dysfunction is variable depending on 

the chemotherapeutic agent used., the dose intensity of the 

protocol used for treatment, and the age of the patient 

itself. During chemotherapy and for a variable period after 
the treatment is completed, a male dog should not he used 
for breeding and a female should not become pregnant, as. 

congenital malformations may result in the poppies. 

Finally, exposure of hospital personnel and owners to 
carcinogenic, mutagenic, and teratogenic drugs and drug 
containing animal waste must he considered. There have 

been mum reports in the human literature of fetal Joss and 
birth of infants with congenital defects to nurses and phar 

maej staff members routinely exposed to chemotherapy 
drugs. Proper storage, preparation, and administration of 

chemotherapy drugs, ax well ax proper disposal of cytotoxic 

drug waste and untie and stool of the animal being treated, 

should be a concern of every clinician who treats an. animal 
for cancer. Reviews tin proper handling of chemotherapy 

in the workplace are available {Swanson. 198Ha, b). Occu¬ 
pational Safety and Health Administration {OSHA) Guide¬ 
lines for Cytotoxic t Anti neoplastic Drugs}, Publication 
fc-I.J, may he downloaded from the OSHA’s website at 
hit p://w w w. oa ha-sle.jj uv: ttO/SLT C/haztmlou ^medication sf 
index .him). 



The drugs discussed are commonly used in veterinary on¬ 
cology for the treatment of canine and feline neoplasia. 


Included are selected cautionary comments about ajminis- 
(ration, toxicity, and effectiveness. Because dosages for 
chemotherapy drugs vary greatly depending on tumor type 
and protocol used, no table of drug doses is provided 
.in this chapter. It is extremely important tint a clinician 
considering the use of one erf these drugs is a single agent 
or in a combination protocol carefully consider all of the 
drug’s possible tonicities rather than just look up a dose 

from a chart or formulary. 


Alkylating Agents 


Cydop hi rs pham i d e 


Meekutkm uf Action Cyclophosphamide is a classic 
alkylating agent that is extensively metabolized in the liver 
to the active cytotoxic metabolites phosphoramidk: mustard 
and acrolein. The metabolite phosphoranude mustard is 
responsible for most of the antineoplastic effects of the 
drug. Cyclophosphamide is cel! cycle specific at normal 
dosing schedules but may lx* cell cycle nonspecific at 
extremely high doses. Resistance to treatment with cyclo- 
phospham ide does develop in to mar ce 3 Is, probably related 
til mcreased ability of the tumor cells to produce glutathi¬ 
one and obtain protection from oxidative damage. Excre¬ 
tion takes place principally by the kidneys, and modifica¬ 
tion of dose and dose interval should be considered when 
a patient has significant renal disease. 


Preparations Cyclophosphamide is available as 25-mg 
and 50-mg tablets for oral administration and as an intrave¬ 
nous preparation in vials containing 1(11 mg. 200 mg, or 
500 mg. The drug is equally effective when given orally 
or parenteral ly. Cyclophosphamide cannot lie used for in¬ 
tracavitary treatment because it must be metabolized to its 

active form in the liver. 


Side Effect® Cyclophosphamide has the potential to 
cause extremely dangerous marrow suppression as well as 
nausea and vomiting. Of .all the chemotherapeutic drugs in 
common use in veterinary oncology, neutropenia occurs 
most predictably with cyclophosphamide. As a result, the 
drug must initially be cautiously administered; the degree 
of m yd oppression vanes from patient to patient but may 

be early and profound. For this reason, ncutro] j hi I counts 

must be carefully assessed whenever the drug is used for 

the first time in a patient. Some animals will develop 

myelo&uppre&sion from 1 week of cyclophosphamide; in 
others, the drug will have to be discontinued after 5 to 5 

days due to severe neutropenia, thrombocylopcnia, or both. 


A tasefinc total white blood cell count, differentia], and 
platelet estimate should be obtained before The drug is 

administered. Usually, depression m the absolute neutrophil 
count begins on the third day of administration, so the next 
blood count is taken on that day. From, that day on during 
the fir%l cycle of cyclophosphamide therapy, a total leuko¬ 
cyte count, differential, and platelet estimate are obtained 
every day until die cycle of cyclophosphamide therapy is 
completed. If the absolute neutrophil count drop® below 
300tVpL, (he drug ix discontinued entirely for (hat cycle; 
im the next cycle, it is ^instituted at a dose 25% less thaw 
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the initial daily dose. If line neutrophil count drops to less 
than 1500/jiL, the drug is stripped and ncrirtsutuied on the 
nest cycle at a dose 50*4 levs than tine initial Jem*. |f the 
number of neutrophil* drops to less than I(XXVpL and 
fever ensues* empirical antibiotic therapy should he begun. 

Recombinant human G-CSF may also be- given for several 

days if necessary until the MiiimTs neutrophil count returns 
to normal. After the animal's tndividual tolerance for cyclo¬ 
phosphamide ns determined. fewer complete blood count 
will need to be checked during tberap) lit maintenance 
protocols, one complete blood count per cycle before ad 

ministration of the drug is begun is generally adequate. 

Hemorrhagic cystitis may occur due to cyclophospha¬ 
mide administration* usually after longterm use; however. 

it has been reported after one intravenous administration 
< Peterson et al* 1992). It is caused by the metabolite 

acrolein, which is excreted n urine and reaches a urine 
level of HKt to 200 times the serum concentration; this 
metabolite is extremeh irritating lo the bladder mucosa 
and produces necrosis of smooth muscle Chronic cystitis 
leading to bladder fibrosis may occur with long-term use. 
Affected dogs and cats will present with clinical signs of 
gross hematuria, often with blood dots, and will be re 

ported to be straining to urinate. Concurrent treatment with 

prednisone decreases the incidence of hemorrhagic cystitis, 
probably by causing polydipsia ami polyuria. Lymphoma 

patients rarely develop tins complication because predni¬ 
sone administration is generally a pan of the treatment pro 

toco I. 

Any animal That is to receive cyclophosphamide should 

have a urinalysis performed before the drug's administra¬ 
tion to rule out pre-existing hematuria due to bacterial 
cystitis or prostatitis. The client should be warned to watch 
for hematuria during the course of treatment with cyclo¬ 
phosphamide* and administration should ccom. immediately 
if the problem is noted. Several precautions can help to 
avoid this problem while an animal is receiving cyclophos¬ 
phamide lire animal should be encouraged to drink more 
fluids; salting food and offering beef or chicken bouillon 
may help to increase fluid jnukc. Because the cystitis is 

caused by acrolein producing local imunion on the bladder 
mucosa* the owner should encourage frequent urination by 
walking his or her dog more frequently and should make 
sure that the dog is allowed to urinate before retiring for 

the night il is better not lo administer cyclophosphamide 
in (he evening, as acrolein will then concentrate in the 
urine overnight Although the free-radical scavengers acc- 
lykysteine and tnesna, have been reported to prevent cycle 
phosphamide-induced hemorrhagic cystitis in humans 
treated with high-dose cyclophosphamide before bone mar¬ 
row tr.itoplamar.rw* it is nor clear that they arc necessary 

for dogs and cals treated with standard chemotherapy pro¬ 
tocols. The incidence of this side effect seems to be low 
with most current cyclophosphamide dosing regimens* 

which use intermittent “pulse" doses of cyclophosphamide 
rather than continuous daily dosing of the drug. 

Alopecia occurs m Oisccptihk dogs another tide 

effect of cyclophosphamide. When cyclophosphamide t* 

used in combination with doxorubicin or dactinomvein* 

•w 

eardiotoxicily uf these compounds may be potentiated. 

Dosing Regimen Cyclophosphamide is usually given 
in doses from 30 to 100 mg/m- daily orally for 4 to 7 days 


per week according to the particular tumor protocol. It may 
also be given intravenously ui 200 mg/m once weekly. but 
this protocol is likely to be dangerously myelosuppressive 
for wnte dogs. 


AMphulmi 1 Phenylalanine Mustard) 

Mr-chanisnt of Action Melphajan is an alkylating agent 
that is a. phenylalanine derivative of mechlorethamine the 
first chemotherapeutic agent discovered. In World Wat L it 
was noted that troop who had received poisoning with 
mustard gas often had aplastic anemia ami severe lympho¬ 
penia. with depletion of lymphocytes in the spleen and 

lymph nodes. This finding caused clinicians to study the 
effects of nitrogen mustard on lymphoma, first in the mouse 
and later in humans. Many derivatives of this original 

compound have been discovered, but melphalan remains 

one of the most useful. 


Spectrum of Activity In dogs and tats, mclphalun is 
generally used for the treatment of plasma cell tumors* 
either plasma cell myeloma or extramedullary plasmacy 
tomt (Trevor cl al,, 199At, 


Prcpiru-tiofis Melphaloji l% available for oral use as a 

scored 2-mg tablet and for intravenous injection m a 3(V 
mg Mai. In dogs and cats, the drug iv comcniinnally 
used, orally* 

Side Effects Myelusuppfcssion is the iihjsi common 

side effect of mdpfmLin* but it is nut generally severe. 
Monitoring of a complete blood count should be done 
every 2 weeks during induction and then monthly during 
maintenance. 


Dosing Regimen flic recommended dose for indpha- 
Ian is 0.1 ing/Vg for 7 to 10 days and then 0.113 mgftg per 

day until remhistoii is achieved. The drug is then given as 

a maintenance agent for 7 days out of every month at i). I 
mg/kg pa day. Because food can apparently decrease the 

oral absorption of the drug, it should be given several 
hours before the animal is fed. 


Chlorambucil 

Mechanism of Action Chlorambucil is another deriva¬ 
tive of nitrogen mustard; it is the slowest acting and least 
toxic nf the alkylating agents commonly used m veterinary 
medicine. The drag is easily absorbed by passive diffusion 

when administered orally, so food given with nl may inter¬ 
fere with its absorption. 

Spectrum of Activity Chlorambucil is u-.ed as a main¬ 
stay for treatment of chronic lymphociyic leukemia 
IMacEwen el al.. 19771, small cell lymphoma. Walden¬ 
strom A macroglobulincmia. and ihyronma in dog* and cats. 
It has been substituted in combination chemotherapy proto¬ 
cols for cyclophosphamide when hemorrhagic cystiiis has 
ensued* but it is not especially effective for maintenance 
therapy of high-grade lymphomas. Activity may also be 
seem against plasma cell myeloma and ovarian carcinoma. 
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Preparations Chlorambucil is available as a 2-mg lab- 

Iel for oral administration only. 

Side Effects Marrow suppression is quite late, gradual 
iff onset and rapidly reversible in dogs and cats, but it may 
be profound if it is not discovered early enough In general, 
myelosuppression is not seen until the drug has been given 
daily for at least I month; it is recommended that a u«it- 

plcte blood count be obtained 0043 ® every 2 weeks during 

induction. As soon as. remission occurs, the drug should be 
administered only intermittently as a maintenance protocol 

(i.e„ alternate weeks or 1 week out of 4k Chlorambucil 

should rM he ad mi nistcred with food. 

Dosing Regimen The dose for chlorambucil is 0.1 to 
0.2 mg/kg orally daily For 4 to 7 days and then ill mg/kg 
daily until remission occurs. Alternatively, the drug may 
be- given once every 2 weeks at a dose of 0,4 mg/kg. 
After remission is obtained, .1 maintenance protocol may 
be started, with the drug administered intermittently as 
indicated by the tumor treated, that is, 0.1 mg/kg daily for 
7 consecutive days a week followed by 21 days off 


nous 1 IV 1 infusion over J to 2 hours. Severe pain may 
occur M the injection site even if no extravasation Ls seen; 
a longer infusion time may help to decrease discomfort 
from the administration The conventional dose of BCNU 
is Ml mg/im' given intravcnousl> once every 6 weeks. 

CCNU is available as .an oral preparation, and ii is given 
os .1 single oral dose of 60 res- 75 mg/nr once every 4 to 

6 weeks, 

Dacarbaiine 

Mcdwniwn of Action The mayor mode of action of 

dacariia/irie (OTIC) against tumor cells appears 10 hi' alkyl¬ 
ation of nucleic acids, lt> complete chemical name is 5- 
(3,5-ilimethyl-1 -triazeiMjhimidazole-4-carboxainidc, hence 

the name DT1C Ducarbazinc is cycle specific. 

Spectrum of Activity Dacarbazine ft not often used in 
veten nary oncology At one lime, it w as suggested as 
treatment tor canine melanosarcoma, but results were dis¬ 
appointing- Dacarhaztne has its major use for treatment of 
relapsed lymphoma in combination with doxorubicin (Van 
Vechten el al.^ |990l, 


Nitrosoureas 

Mechcuiism of Action CCNI I b im ust i ne ■ and BCN U 
(carmuslinel arc drugs that one very lipid voluble and cross 

the hlood-hram barrier with case. Bxcnetion is primarily 

renal, dose modi heal ion must be considered if the pa¬ 
tient has renal disease. 

Spectrum «| Activity Although CCNU and BCNU are 
used in humans to treat, certain lymphomas, the drugs find 
their principal use in veterinary medicine tor treatment of 
central nervous system neoplasia (Dimsfci and Conk, lWO; 
Fuluw and Steinberg 1990); the two drugs are unique in 

their ability to attain therapeutic levels in brain tissue. 

Recent information suggests that CCNU may also have 
some efficacy in treatment of canine mast cell tumor. 

Preparations BCNU is available in a 100-mg vial for 
intravenous administration. CCNU is given orally and is 
available as IfK 4fk and KWVmg capsules. 

Side Effects Both of the nitrosoureas may be quite 
cmelogenic immediately after admini^tration. The vomiting 
and nausea usually last less than 24 hours after administra¬ 
tion and (he animal A discomfort can. generally be amelio¬ 
rated with bu(orphaned given subcutaneously ;« 0,4 mg/kg 
three times a day. In some cases., ondansetron will H 
necessary to relieve symptoms. 

Prolonged bone marrow suppression is common with 
both of the nitrosoureas. Neutropenia may be noted as 
early as 1 week after administration hue may persist for up 

to 6 weeks. Lit some cases, neutropenia is severe enough 
to adversely affect the animal A quality of life, and treat¬ 
ment with intravenous antibiotics and rttO-CSb may he 
necessary if ibe animal becomes febrile. 

Dosing Regimen. BCNU must be given inlrai.enouvly 
The product i a recoruti hired with alcohol and then added 
to saline or 5% dextrose in water to be given as an trurave- 


Pre parti Ions Dacarbozine is available for IV adminit- 

nation in vials erf 100* 200, and 500 mg. 

Side Effects I ocal pain is often seen during administra¬ 
tion. concentrated solutions of the drug are very irritating 
to veins, and extravasation will produce severe phlebitis, 

Myelosuppre&tion is mild and does not occur until the 
second or third week after treatment, but a complete blood 
count should be checked before administration of each 
subsequent treatment. Smiting and nausea arc common 
during (be first few days of treatment but can. usually be 
blocked by prior administration of chemoroctptor trigger 
auil- - b I oc Ski ng anti emetics. These gastrointestinal symp¬ 
toms may be lessened by a lower dose initially and gradual 
escalation of the dose during the course of treatment, but 
the signs seem to subside after J or 2 days of treatment 

despite continued therapy with DITC, 


Dosing Rcgftnrn Dosage is 150 to 250 mg/m 2 given 
slowly intravenously for 5 days. Treatment is repeated 
every 3 weeks. 




Alkaloids 


Mechanism of ketion The vinca alkaloids are c-x* 
traded from the common periwinkle plant, Hmvi rosea 
This plant was originally investigated by pharmacologists 
because of its reported ability to lower blood glucose levels 

in several native populations. Although its efficacy as a 
hypoglycemic agent was found to be unimpressive, it was 
discovered that extracts of the plant had cytotoxic effects.. 
Eventually, vincristine and vinblastine came into common 
clinical use as anticancer agents; the two compounds differ 
only dighlly* with vincristine having a formyl side chain 
and vinblastine having a methyl side chain m the larger 
parent molecule. Both of the drugs appear to act as spindle 

poisons by binding to miciotubular proteins within cells. 
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The spindles are thus unable to act during mitosis, leading 

to arrest of the cell in mcuphasc. Generally, \ incristine is 
thought of as a phase specific drag effective only in the M 
phase ol the cell cycle. Vinblastine, however, also blocks 
the cell's utilization of glutamic acid, thus inhibiting purine 

synthesis. For this reason, \ inblastine acts against cells in 
active mitosis but also in other phases of the cell cycle 

Spectrum of Activity Vincristine and vinblastine have 

their major use m veterinary medicine in combination che¬ 
motherapy protocols for treatment of Lymphoma and 
lymphoid leukemias. Some efficacy of vincristine may be 
seen either us a single agent (Hahn, 1990) or in combi na¬ 
tion with doxorubicin and cyclophosphamide For treatment 

of soft tissue sarcomas (Hammer et al, 199IX and vincris¬ 
tine is the drug of choice for treatment of transmissible 
venereal tumor fCalvert et al., 19H2; Smgh ct al., 19%). 
A hi tough it was previously suggested dial vincristine might 
he effective in the treatment of mast cell tumor in the dog, 

a recent report has discounted the drug's role in manage¬ 
ment of this tumor on y 2: of 27 dogs with mast cell tumors 

had even * partial response to vincristine given at 0.75 mg/ 

m (McCaw el al.. 1997). The principal use of vinblastine 
in veterinary oncology at this time is as a substitute for 
vincristine in a combination chemotherapy protocol when 
a vincristine-induced neuropathy has been noted. 

Preparations Vincristine is available for intravenous 
use in I-, 2% and 5-mg vials. Vinblastine is also for IV 
administration only, and is supplied in 10-me vials 

Side Effects Because of its phase-specific effects, vin¬ 
cristine is not generally myelosuppressive in the dog, occa¬ 
sionally. ii may produce significant neutropenia in the cat 

(Hahn et al., 19%), Anorevia and nausea are sometimes 
seen in both dogs and cats treated with vincristine, espe¬ 
cially at the higher levels of the dose range Unlike vincris¬ 
tine. vinblastine is quite mycloxupprcssivc, and the interval 
between doses is often prolonged because of the duration 
of neutropenia produced by the drug. 

Local phlebitis and severe pain occur tf either of the 
vincas is extra vacated. Although a catheter may be placed, 
conventionally a butterfly needle is used to administer 
vinemtinc or vinblastine. The vein is punctured wilh the 
butterfly needle m the usual fashion, and blood flow is 

observed into the tubing. Several milliliter* of saline are 
infused into die vein to observe for leakage, Tlte vinca 
alkaloid is then given as a bolus injection and is followed 

by several more milliliters of sterile saline to make sure 
that not a drop of the drag remains on the tip of the needle 

One of the principal limitations of long-term treatment 

with vincristine in clinical practice is the development of a 

drug-induced sensory and motor neuropathy, the pathogen¬ 
esis of which is poorly understood. The cut may be more 
sensitive to the development of this phenomenon than the 
dog (Todd cl al., 1979k Severe nerve fiber degeneration 
may he seen, as well ns focal axonal swellings with second¬ 
ary demyelmation of peripheral nerves (Cbo et ah, I98.F, 
Hamilton ct a|., 1991 a). Vincristine odmintsiraiion should 
be discontinued immediately as soon os any signs of neu¬ 
ropathy are noted, because further treatment may produce 
severe, generalized motor weakness. The neurotoxicity will 


generally improve within several months after the drug is 
discontinued, but some of the signs may be irreversible. 
Although neurologic problems are rare with vinblastine 
administration, they may rarely occur with this drag ns 
well. 

Dosing Regimen 'The appropriate dose of vincristine is 

0 5 to 0 75 mg/m J intravenously once weekly according to 

the treatment protocol used. Treatment with vinblastine 
should begin at 2 mg/m by IV injection once every 2 
weeks. At each cycle, increase the vinblastine dose in 
increments of 0.25 mg/m- until mycJosuppression is seen 
(absolute neutrophil count less than 3G00VLF Then, give 
a niainlenance dose of vinblastine dial is increment 
smaller than she dose that produced leukopenia. Because 
vinblastine is very mydoMippressivc, do not administer the 
drug when an arumaTs absolute neutrophil count is Sess 
than 5000/(0* 



Doxorubicin 

Mechanism at Actimi Doxorubicin is an anthracyclihe 

glycoside derived from Srrrpinmyces pewetitu. It is di¬ 
rectly cytotoxic, binding irreversibly with DNA and pre- 

venting both RNA and DNA synthesis. Cellular damage 
caused by doxontbicin results in enzyme-catalyzed, iron 
mediated free radical formation, which produces further 
tissue damage. Ultimately, these effects result in induction 
of apoptosis in both normal and neoplastic cells, After IV 
administration, doxorubicin \\ metabolized in the liver la 
active and inactive metabolites. The drag is excreted pri¬ 
marily in the bile but persists, ni plasma for prolonged peri¬ 
ods. 


Sped rum of Activity Doxorabicm has been proved to 

be effective in the treatment of a number of tumors of the 
dog and cat., including lymphoma, leukemias, and certain 
sarcomas and carcinomas (Berg et al, 1995: Moore et al,. 
19%; Valerias et al., 1997; Ogdvie et al., 19K9: Jeglum 
and Wbearcat. 1983k It appears that doxorubicin may he 
synergistic w ith cyclophosphamide in the treatment of 

some sarcomas (Sorcnmo ct al.. 1993), and it is combined 
with cytosine arohinoside as an extremely effective (al¬ 
though very myelosuppressivc) protocol for leukemia. 

Prepartliurts Doxorubicin is available lor IV use only 
in vials of 10, 2ft. and 5© mg, 

bid# Effects Cardfooxicity is generally the dose-lim¬ 
iting factor for doxorubicin administration in dogs (Maul¬ 
din ct aL I992i: it occurs from free-radical damage to the 

myocardium, with oxidation, .and death of myocardial cells 

in she presence ol iron. Doxorubicin is an active iron 
chelator, and the resulting iron-doxorubicin complex cata¬ 
lyzes free-radical reactions, leading to myocardial damage 

Acute cardiac toxicity may occur at any time and after any 

dosage; it commonly takes the form of an arrhythmia, 

which resolves with lime in most animals. Arrhythmias are 
mare common if there is previous cardiac disease, previous 
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ck concurrent tbonu: ic irradiation. or concurrent cydophov 
phamidc admi nislratiim. The second form of cardiac toxic¬ 
ity induced by doxorubicin h congestive bean failure, 
with myocardial degeneration and cardiac muscle fibrosis 
leading lo heart failure; this generally occurs with cumula¬ 
tive tees greater than 240 mg/inh 

Once congestive hcarl failure induced by doxorubicin »h 
present, patients may respond to aggressive therapy for 

bean failure, but some patients will die despite all treat¬ 
ment. Many attempts have been made in humans to dkg-* 
nose incipient cardiac to*.city before clinical manifesta¬ 
tions of heart failure begin, but it remains impossible to 
predict which patients w ill develop these changes. Hctiocar- 
dingraphic measurement of ventricular fractional shorten¬ 
ing and serial electrocardiography are probably the ter 

methods to monitor dogs and cats that are receiving treat¬ 
ment with doxorubicin. 

Both humans and dogs have shown a great deal of 
individual variation in susceptibility to doxorubicin-in¬ 
duced carriiotoxicity. Even though clinical cardiac disease 
may pot be evident after treatment with doxorubicin* sub- 

clinical damage lo the heart is common. In a study of 115 

children with lymphoblastic Leukemia treated with doxoru¬ 
bicin and followed for many years, 57*£ liad abnormal 

cardiac function later in life (Lipshuliz cl ah, 1991), The 
EDTA derivative drug ICRF 187 (dezrazoxone)* given at 

fl.fi mg/kg 30 minuteh before doxorubicin administration* 
apparently decreases caidintoxicity without reducing can¬ 
cer cell cytotoxicity ftmondi ei ah, 19%). but no large 
clinical trials of this compound in dogs or cats with cancer 
have been reported, Dezrazoxane acts as a cardioprotcctant 

by chelating iron, helping to prevent the free radical-in¬ 
duced damage caused by doxorubicin; the product is not 

commercially available at this writing. 

Although calx do not generally show clinical cardiac 

disease associated with doxorubicin treatment histologic 

and cchucurdtogniphic evidence of damage to the myocar¬ 
dium occurs in cals treated wilh cumulative doses of 170 
to 240 mg/in' tO* Keefe ei ah, 1993), Renal damage also 
occurs in cats with chronic treatment with doxorubicin; 

this is manifested by azotemia, dilute urine, and gradually 
decreasing creatinine clearance v alues during the course of 
administration t Cotter et ah* 1985). Another serious side 
effect in cats is the profound anorexia that may accompany 
administration of doxorubicin at the conventional dose 
given to dogs i Ml mg/m 9; cats given this dose do not act 
as though they are nauseated, but may not eat; voluntarily 
for weeks, sometimes requiring placement of a feeding 
tube. Small dogs weighing less than 10 kg may also experi¬ 
ence unexpected nausea and anorexia at this treatment 
tec, For cats and small dogs, a doxorubicin dose of l mg/ 
ki has proved to be much better tolerated. 

Myelosuppression may occur several days after adminis¬ 
tration, usually beginning on day 4 Peat action on the 

bone marrow occurs from days 10 to 14. Because doxorubi¬ 
cin hua a high affinity for mast cells, causing them to 

degranuJate, anaphylaxis, urticaria, generalized erythema, 
and heath shaking have been -seen in the dog. To prevent 
this, the paten may be premedicaied with antihistamines 
and steroids before administration. Alopecia may also oc¬ 
cur in susceptible breeds of dogs. 

Be! terne phlebitis and necrosis occur if doxorubicin is 


extravasated. This necrosis begins l to 2 weeks aflei the 
drug is extra* asated and continues for 1 to 4 months 
Doxorubicin also produces an unusual “radiation recalF’ 

effect; if prei ious radiation damage has occurred, even 
years before, doxorubicin administration will cause ill re¬ 
currence This is not likely to be a problem in dogs and 

cats because radiation therapy lo the thorax is rarely per¬ 
formed in these species. Nil it is often a serious complica¬ 
tion of doxorubicin Treatment in humans. Radiation to (he 

thoracic cavity (when the heart is in the radiation field) 
may also potentiate the cardiotoxicity of doxorubicin, 
which could be an important consideration for dogs and 
cats wilh thymoma or mediastinal lymphoma. 

Dosing Regimen Although the conventional dose of 
doxorubicin for medium-sized to large dogs is 30 mg/m-* 
given every 3 weeks, this dose in very small dogs or cats 

may produce profound myelosuppression and anorexia, Foe 
this reason, the dose for very small animals fle&s than 10 
kgi should lie reduced to l mg/kg every 3 weeks. Doxoru¬ 
bicin should be administered slowly inio the tubing of a 

freely running IV infusion of saline or 5$ dextrose solu¬ 
tion, The tubing should be attached to a catheter Thai was 
placed on the “first stick** to avoid any leaking of drug 
through holes in the vein. Ar hast 5 minutes should be 
taken to give the drug. Alternatively, doxorubicin may be 
mixed in a small volume of saline <50 to HJ0 mLr Mid. 
dripped intravenously over 20 to 30 minutes. Doxorubicin 
is physically incompatible with many other drugs* includ¬ 
ing heparin* aminophylline, cephufothm* dexumetha&one, 

diazepam, hydrocortisone, and furosemide, so care should 
be taken not to give other drugs through the same hue 
during the doxorubicin infusion. 



I Horn ru bid 

Mechanism of Action Because doxorubicin is \cry car- 
diotoxic* much effort has been devoted to development of 
analogues dial might have less toxicity but that would 
maintain the level of tumor response. Epirubicin (4'-epi- 
doxorubkin) is an analogue that has been claimed to be 
less cardiotonic in humans foi equivalent doses. The mech¬ 
anism of this drug is similar to that of doxorubicin. Idaru- 
bicin (4-demethoxydaunorubicin) is another aMtiraeyctine 

glycoside that is unusual in that it is the only aimiuroor 

antibiotic that caw be given orally. 


Spectrum of Activity Hk* spectrum of canine and fe¬ 
line tumors that v ill respond to epirubicin therapy is proba¬ 
bly similar to that for doxorubicin, Epirubicin's principal 
use has been u a single agent for dogs wilh canine lym¬ 
phoma; response rate and duration of response are not 
significantly different from whai would be expected with 
doxorubicin therapy ( Vondertiaar et aJ M 1993)* Idarubicin 

has been used orally for cats for maintenance therapy of 

lymphoma after remission is obtained with other drug* 

(Moore et ah* 1995k 


Preparations Epirubicin is not commercially available 

at this time Idarubicin is unfortunately only commercially 

available in an injectable form, in 5-* IfK and 20-mg vials. 
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Side Effects The claim that epirubicin has an advantage 
over duxonihicift in lessened toxicity has not proved 10 be 
particularly impressive. Myelosuppression is similar. with 

tile JteUtruphil nadir seen lfl day* after administration, A 

sfgniiicam number of dogs treated with epirubicin slid 
show evidence of cardiac toxicity, as measured by ventricu¬ 
lar fractional shortening on echocardiography Idarabicin 
may produce gastrointestinal Mgns and myclcsuppirssiun 
in treated cals, a»d dose modification may be* necessary. 
Because idanibiem is very cardiotoxic in humans, it should 
he presumed lhal it hits the same effect in dogs and cats; 

appropriate precautions and tmmitoring should he condd- 

cried. 

Dosing Regimen Epirubicin is given mteavcnously at a 
dose of 30 mg/m' for dog> weighing more than 10 kg and 
I mg/kg for dogs less than 10 kg. Similar precautions for 
administration lo those taken with doxorubicin should he 
followed. Ldarubicin has been given oral I y at 2 mg/cal per 
day for 3 days once every 3 weeks; injectable doses of 
idarubicin for dogs and cats have not been reported 

Dutfitomydn (Antinomycin D) 

Mechanism of Action Dactinomycin is one of the act i- 

mimycins. a group of antibiotics produced by various spe¬ 
cies of Stnepftm}ces. The drug hinds lo DNA by intercala¬ 
tion and causes single-strand DNA breaks. Ultimately, 
d antinomy cm causes apoptosis m susceptible tumor cells 

As with doxorubicin, drug resistance to daetinomyciu is 

caused by ov-eiexpression of P-glycoprotein: it is therefore 
unlikely that a response to dactinomycin will be seen in 
lymphomas in which the tumor cells have become resistant 

to doxorubicin. 

Spreimm of Activity Daetmomuin has chemoihera- 

peuiic aciiviiy against laninc lymphoma: activity has been 
seen in some drug-resistant lymphomas but generally only 
when the tumor is not yet iknnruhuin resistant Partial 
responses have been seen with dactinomycin treatment of 
nephroblastoma and botryotd rhabdomy osarcoma it) the 
dog. Certain carcinomas may also respond, including wial 
sac adeiwcmcimmiii. squamous cell carcinoma, thyroid car 
cinoma, and transitional cell carcinoma tHammer el a).* 
1994bI. The principal use of dactinoinycin, Iwwcvtr. i* as 
a subslit me for doxorubicin when a potentially c&rdioioxtc 

cumulative dose of doxorubicin has been icached and it 
h desirable to continue administration of an antitumor 
antibiotic. 

Preparations Dact* Hum vein in administered iniruvc- 

tkously and ns supplied in vials containing 0,5 mg. 

Side Effects Diictinomydn is extremely necrotizing 

when extravasaicd, similar to the effects produced by doxo¬ 
rubicin; ii must be given through a "first-stick ' catheter 
Minimal mydosuppri>xi ve jLctivity is noted when the drug 

is given as a solitary agent. Nausea and vomiting may 
occasionally occur during rite first lew hours after adminis¬ 
tration but may be partially prevented by administration of 

chemoreceptor trigger zone-blocking anticmciic agents. As 
with doxorubicin, dactinomycin potentiate* the effects of 


radiation Uterapy and las a “radiation recall' effect. Car- 

dioloxicify is extremely rare with this drug. 

Dosing Regimen Dacfiiiomycin is given intravenous I y 

at a dose t>l 0.5 lo i mg/m once every 3 weeks Because 

it is extremely corrosive to soft tissue, catheter placement 
should he meticulous. The l ale ulated dose should be mi \ ed 
with normal saline or dextrose in water and dripped 
intravenously over 20 to 30 minutes. 

Bleomycin 

Mechanism of Action Bleomycin is an antitumor anti¬ 
biotic derived from a strain of Srreptamyces first isolated 
from the soil of a Japanese coal mine. Its cytotoxic effect is 
mediated by DN A binding and fragmentation with single- 
strand and double-strand breaks Interestingly, bleomycin 
seems to be more damaging lo nonproliferaling cells than 
to (hose actively proliferating, ll has a unique lung toxicity 
in most animal species studied, 

Spectrum of Activity Bleomycin is most effective for 
treatment of squantou* cell carcinoma in cats and dogs 
(Buhles and Theilen, 1973); remissions are usually partial 

and of short duration, however Recently, impressive results 

were obtained with iiitralesionul injections of bleomycin 

mi > ac anthomaious epulides in three dogs (Yoshida el al„ 

! 998) These benign oral tumors are generally treated with 
surgical removal, sometimes involving a partial mandihu- 
Icctomy or maxillcctomy The lumors were markedly 
smaller after three weekly bleomycin injections and had 
disappeared by K to 10 injections No recurrence was noted 
in any of the cases during the follow-up periods, which 

ranged from i to 2 years Bleomycin [% also effective in 

humans as a sclerosing agent in the treatment of malignant 
pleural effusion, but there are no reports of this use in dogs 
or cats. 

Preparations Bleomycin is given intravenously or by 
intralesinnaJ or intracavitary injection; it is supplied ill 15- 

mg or 30-mg vials, 

Side Effects Unlike the other antitumor antibiotics, my- 
elosuppression is unlikely w ith bleomycin. Chronic admin¬ 
istration ol bleomycin to dogs every other day for more 
than 8 months resulted in the development of a pneumnm- 
i’v which progressed to pulmonary fibrosis (Schaeppi ei 
al, 1974k The earliest symptom was dyspnea, with patchy 
opacities of the lung fields noted on radiographs. Micro¬ 
scopic changes included squamous metaplaxia of the bron- 
chiolar epithelium, fibrinous edema, and a diffuse intersti¬ 
tial fibre*i> Cutaneous ulceration and. loss of ii.uk also 

occurred in these dogs Because bleomycin for clinical 
patients is principally used for short-term palliation of 
lumors. none of these chronk changes is likely to occur in 
clinical patients. 

Dosing Regimen Bleomycin is given subcutaiteously at 
a dose of I ft to 20 l 1/m 2 once weekl y. 

Mlttrauitroue 

Mechanism of Action Miloxantronc is a derivative of 
anthracene and is related to doxorubicin and daunombiein. 
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It intercalates into DNA ami causes cross-linking* with 

inhibition of both DNA and RNA synthesis. li is ceil cycle 
specific but phase nonspecific - 

Spectrum of Activity Partial and complete remissions 
have been reported when mitoxantrone is teed as -a solitary 
chemotherapeutic agent for lymphoma (Ogilvie ct al., 
1991a), Because the drug is very expensive* u is not 
generally used for induction or maintenance therapy. Its 
principal use is for Lymphomas whose tumor cells are 
resistant to ocher drugs; a response rate of 2fcfc can be 

expected [Moore et al.. 1994k Rare partial remissions and 

even rarer complete remissions are associated with admin¬ 
istration of mitoxantrone to dogs and cats with various 
carcinoma* and sarcomas, but the drug's use for tumors 
other than Lymphoma has tveen generally disappointing. 

I •reparations Mitoxantrone is supplied m 20-, 25-. and 

50-ing vials for IV use only* 


vtcks folate for biochemical activity in the cell. Methotrex¬ 
ate is principally eliminated in urine: in humans* $0% to 
90% of the adniini stored dose i s ex creted unchanged in the 
urine within 24 hours. Assessment of renal function is 

important before administration of methotrexate, and dose 
modification for patients with compromised renal function 
may be necessary to prevent toxicity due to delayed drug 
clearance. Because the anti metabolites have a short half- 
life in the body, they are most effective when given by 
continuous infusion, thus killing cells as they enter the S 
phase; however, 4 protocol for safe and effective continu¬ 
ous intravenous infusion of methotrexate has not been 
published for Hie dog. 

Spectrum of Activity Although methotrexate has been 

widely used in human oncology, often at very high doses 
wiih *"leucovorin rescue*“ it has found only Limited use in 
veterinary medicine as a part of combination protocols fen 

lymphoma. 


Side Effects Side effects of mitoxanirane administra¬ 
tion are mild to moderate gastrointestinal toxicity and my 
etosupprcssion. Although the myelosuppresrion associated 
with mitoxantrone is generally not marked, some dogs and 
cats will develop dangerously low neutrophil and platelet 
counts; for this reason, it may be prudent to begin treatment 
al ihe lower end of the dose range, with gradual escalation 
of the dose as treatment proceeds. Extravasation of ihe 

drag may result in severe local reactions* including ulcer¬ 
ation arid cellulitis. Although mitoxantrone is a relative of 
doxorubicin* its cardiotoxtcity in dogs appears to be much 
less; no clinical evidence of cardiac effects was noted m a 
study of tiutoxantrone adminiuration in 129 dogs with 
different malignancies (Ogilvie et a 1., 199lb>. Mitoxan- 
tronc docs, however, induce both acute and chronic conges¬ 
tive heart failure in humans* and if is therefore probably 
not a good choice for dogs or cats in which the maximum 
safe dose of doxorubicin has been reached or in patients 

with pre-existing cardiac disease A blue-green color may 

he noted in the sclera and urine of treated animals after 
therapy. 

Dosing Kcfoirivn The dose of miioxantrone for dogs 

and cats is 5 to 6.5 mg/m' given once every 3 weeks. The 
drag is diluted to ai least 0.5 mg/mL in sterile saline and 
is given through a catheter over at least 3 minutes. 

Anti metabolites 

Methotrexate 

Mechanism of Act km Methotrexate is i>oe of die anti- 

melabuLites > which as a class ml as structural antagonists 

of normal metabolites or as co-factors of nucleic adds, 
generally having their greatest effect on cells in the S phase 
of the cell cycle, Methotrexate exerts its cytotoxic effect by 
competing tor a binding site on the enzyme dihydmfolatc 
reductase This reversible binding prevent the synthesis of 
folate, which is important in the production of the purine 

nucleotide* and thymidine. An “antidote" fir methotrexate 
cytotoxicity is leucovodn (c i tro vorum factor), which pro- 


Prepuitiotii Methotrexate sodium may be adminis¬ 
tered intramuscularly* subcutaneously, or intravenously; the 

product far injection is available in 20-. 54)-, 100-, 200-, 

and 250-mg and in 1-g vials, For oral administration, it is 
supplied as 2.5-mg scored tablets. Leucovorin calcium is 
available in vials of ICO mg for parenteral administration 

as well as 5* and 15-mg tablets for oral administration, 
bide Effects Gastrointestinal ode effects six the most 

important toxicides produced by methotrexate, with nausea 
occurring commonly. Oral ulceration and diarrhea may also 
be seen, and methotrexate should be used with great cau¬ 
tion or not at all for patients with ulcerative colitis. Myelo 
suppression is mild at low dosage ranges. With long-term, 
low-dose therapy, hepatic dysfunction is a significant prob¬ 
lem in humans, and methotrexate hcpaiotoxicity lias been 
reported an the dog (pond* 1982), Because nonsteroidal 

anti-inflammatory drugs and aspirin may decrease renal 
excretion of methotrexate and thus* increase its toxidly, 
these drags should not be given along with methotrexate. 

Concurrent administration of methotrexate with a irimetho 
prim/suJft antibiotic would be likely to lead lo severe 
folate deficiency awl therefore increase she severity of 
my closupprcraion, 

Dosing Regimen The oral dose of methotrexate is 2.5 
mg/m' given daily for 5 days followed by a 2-day rest 

period. This is repeated weekly until remission is achieved; 
10 mg/m ; given twice weekly followed by a 7-day rest 
period would he another acceptable protocol Toxic hema¬ 
topoietic effects may be reversed by 6 to 12 mg of leuco¬ 
vorin given subcutaneously four times a day fm four doses 


Cytosine Arabinoflde 

Mechanism of Action Cytosine arabmoside (cytara- 

bi«. ;ira C) is highly specilic for the S phase of the 
cell cycle, and its effectiveness is therefore dependent on 
maintaining constant drug levels: continuous infusion or 
frequent, closely spaced doses are 1 necessary for successful 
treatment of tumors Using this drug, Cytosine arabirtoside 
is transported into die cell and metabolized to 5'-tripbos- 
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phate am C which inhibits DNA polymerase The metabo¬ 
lite is then incorporated into DNA, 

J 

from DNA Mid inhibiting DNA repair Cytosine iirab mo- 

side is one of the Few clicmoiherftpeutic drugs that crosses 

the Mood-brain harrier easily, and it can therefore be used 

to treat central nervous system lymphoma. « well as to 
kill leukemic cells m the cerebrospinal fluid. 

Spectrum of Activity In veterinary oncology, cytosine 

arahinoside is generally used in combination protocols for 

treatment of canine aikl feline lymphoma. Ii may also 

be used to treat acute leukemias of both lymphoid and 
nun I yn uphold type* (Hamilton el aJ.. 1199 lb). 

Preparations Cytosine arabinoside k available tor IV 

or sgheutancous injection in vials containing 100 mg. 500 

m|L 1 g, or 2 g. 

Side Effects Because of its specificiiy for cycling cells 

in the S phase, cytosine arabinoside usually causes myclo- 
suppressinn. with the degree of myclosuppresvion increas¬ 
ing with the frequency and duration of administration. 
When large doses are given by bolus injection intrave¬ 
nously rather than by infusion, nausea and vomiting are 
common, 

Dosing Regimen For lymphoma, single-agent cytosine 
arabinoside may be gi ven al a dose of *;HKj mg/m : intrave¬ 
nous y once a week: lower doses of 200 to 300 mg/m- 
weekh should he used if cytosine arabinosidc is part of a 
combination-drug protocol. For treatment or acute leuke¬ 
mias 100 ing/m 1 per day given by continuous infusion or 
divided into four daiU subcutaneous injections repeated for 
5 days will produce the greatest response against leukemic 
cells. Xore; Cytosine anibinusidc, especially when used 
with doxorubicin, is extremely effective in clearing the 
bone marrow of rumor cells in leukemia patients. In gen¬ 
ual. patients will base a period of severe bone marrow 
aplasia for 7 la 21 days alter the cycle is completed, often 

with neutrophil numbers less than 1000 /jjlL and platelet 

counts less than 5 lh 00 (Vp.L. Infection or hemorrhage may 

ensue during this period, and treatment with rhG-CSF 

should ideally he used daily along with chemotherapy, 

5-Fluorouradl 

Mechanism of Action S-Fluonouracil is a pyrimidine 
analogue dial exerts its cytotoxic effect by inhibiting thymi- 
dylate synthetase and thus DNA synthesis and* to a lesser 

extern. RNA synthesis. The cyinioxie effects of 5-lluoio- 

uracil arc greatest on, cells in the G ( and S phases; with 
longer periods of exposure to the drug, cells in ocher phases 

of the cell cycle may also be killed. Because the drug is 

erratically absorbed from the gastrointestinal tract, it is 
generally given intravenously. Ii is also available as a 
topical cream- 

Spectrum of Activity In humans, S-fluorouracil is (he 
drag of choice for gastrointestinal carcinomas; it is effec¬ 
tive in the palliative management of carcinoma of the 

colon, rectum, stomach, and pancreas. In the dog and cat. 


however, it has found limited usage because of neurotoxic¬ 
ity, 

I 

Prr pa rations For injection, 5-fluorouracil is available 
in 50(>-mg vials. For topical use, it is supplied in 25- 

g tubes. 

Side Effects 5-FluorouraciI treatment in dogs is often 
accompanied by central nervous system reactions (behavior 
changes such as hark eng incessantly, running m circles, 
aggressiveness) (Harvey et al., 1977: Hammer et aL 1994a; 

Dorman et al,* 1990k continuing administration of the drug 

in the fate of such neurologic signs may lead to seizures 

;md death fOkeda et ah. 1984). Mild myelosuppression 

and tumsca me sometimes noted Stomatitis and mucositis 

resembling pemphigus vulgaris may be seen in dogs receiv¬ 
ing several weeks of treatment. Because unprovoked rug t. 
extreme dementia, and sudden death may occur in caLs 
treated with 5 fluorauracil, it should not be used in this 

species (Iflieileri, 1987b 

Dosing Regimen 5-Ruorourftcil may be given intrave¬ 
nously at 150 to 21)0 mg/m 1 for 3 days and then 100 nig/ 
m on the fifth, seventh, and ninth days No drag is given 
on the fourth, sixth, and eighth days. Moniior blood count 

at the end of the cycle and before the next cycle begins If 
gasirointestinaJ signs, stomatitis, neurologic signs, cm- fall¬ 
ing while blood cell count (less than 4O0fVpL) are noted, 
discontinue the drug. Generally, cycles of 5-fluorouracil 
are repealed monthly. In the dog. 5 -fluoruuraril is useful 
for small skin carcimsnms or solar keratosis a* a topical 
cream. This is applied twice daily until there is an erosive 
i n Hammalory re * pern>c with uIcerat ion I usually 2 to 4 
months), at which time use of the drug should be stopped. 
Healing may take several months after the topical treatment 
is discontinued Owner* should wear glover while adminis¬ 
tering die cream. 5 -Ftuowuracii should not be used in cars. 

Hydroxyurea 

Mechanism of Action Hydroxyurea inhibit* ribonucle¬ 
otide reductase* leading to depletion of essential DNA 

precursors; cells accumulate in the S phase of the ceil cy¬ 
cle., 

Spectrum of Activity Hydroxyurea is used for the pal¬ 
liative treatment of chronic myelogenous leukemia (Lcifcr 
et al.. 19sl). eosinophilic leukemia/bypereosmophilic syn¬ 
drome in cats (Hamilton, 1998). and basophilic leukemia 
in the dog (Mac Ewe n el al.. 1975). It h effective for 
management of polycythemia vera in the dog and cat 

(Peterson and Randolph, 1982). 

Preparations Hydroxyurea is available in 500 nig cap¬ 
sules for oral administration. 

Side Effects Side effects. of hydroxyurea are generally 
ruId and well tolerated and include nausea arid myefosup- 
pression. In the dog. loss of loemnU may occur with 
chronic hydroxyurea admtmstraiitHi. and .* seborrhea ricca- 
like syndrome may be noted. 
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Dosagt Regimen Hydrosyurca is given orally at a dose 
of 35-50 mg/kg once daily for 7 to 10 days and then 
every other day until remission. After remission is obtained 
(leukemic cell counts are reduced in leukemia patients or 

packed cell volume is normal in patients with polycythemia 
vera; neutrophil and platelet counts arc in the normal 
rangeL a dose of hydroxyurea is determined that will main 

tain remission In some patients, daily administration of 
hydroxyurea will continue to be necessary mu at a lower 

dose: 20 mg/kg per day. for example. In other patients, 
administration of a higher dose (such ax 50 to 7 5 mg/kg) 
twice weekly will be adequate. The dose of hydroxyurea 
is “titrated" to the patient's complete blood count results. 



Cisplatin 

Mechanism of Action Cisplatin is a very' useful drug 
in human and veterinary oncology, its complete chemical 
name js rir-dichlorodiammineplatinum (DDP), reflecting 

the fact that it is formed by platinum surrounded by chlo¬ 
rine and ammonia atoms in the m position of the hori¬ 
zontal plane. Its- cytotoxic effects .in.- considered lo be due 
to alkylation of DNA. 


Spectrum of Activity Cisplatin has been shown to prt> 

duce objective responses in many types of carcinomas in 
the dog (Mnemati el ah, 1998: Himsel el ah. 1986; Shapiro 

et al, I9KK; Knapp el ah, J98H), Administration of cisplatin 
as an adjuvant agent with amputation in canine osteosar¬ 
coma has produced significantly longer survival than is 

seen with amputation alone (Thompson and Fugcm, 1992; 
Kracgel el a!.* 1991>. Complete remission has also been 
seen in dogs with metastatic seminoma. Intracavitary eis- 

platin has resulted in complete and durable palliation of 
pleural effusion due to mesothelioma and carcinomatosis 
of unknown origin <: Moore et al 1991); intraperitoncal 
treatment with cisplatin for patients with carcinomatosis 
due to ovarian carcinoma would also be reasonable. 


Preparations Cisplatin is available for parenteral injec 
lion in 5ft-mg and I (MV mg vials. 


Side Effects Trmiment of cots with t ispialin n contra - 
tm/uaftd. dyspnea and death with pulmonary edema occur 
within 4g to % hours after cisplatin administration. even 
with only one treatment (Knapp et ah, 1987), Cisplatin is 
e.xtrtmety nephrotoxic in the dog, especially if prehydration 

is not performed with treatment. Before each treatment, 
blood urea nitrogen and creatinine evaluations and a urinal¬ 
ysis should be performed; elevation of blood urea nitrogen 
and creatinine in tlie face of a dilute urine should signal 
the onset of renal toxicity, and additional treatments of 
cisplatin should not be given. CarbopLatin may be substi 
tuted for cisplatin because it is much less nephrotoxic. 
Acute gastrointestinal toxicosis with nausea, anorexia. 

and vomiting is common after cisplatin administration, 
usually beginning 2 to 4 hours after treatment (most dogs 

will vomit for less than 6 hours); the severity of the emesis 

can be decreased with administration of buiorphanol or 
ondansetron. 


Hypomagnesemia, hypocalcemia, hyponatremia, hypo¬ 
kalemia, and hypophosphatemia may occur after repeated 
doses of cisplatin, probably due to renal tubular damage. 
Myelosuppression is generally mild but lengthy, with a 

double neutrophil nadir at 6 and 15 days post-treatment. A 
complete blood count should be performed before adminis¬ 
tration of each cisplatin treatment: neutropenia may persist 
as long as 21 to 28 days after a single treatment, causing 
delay in the administration of the next course of therapy. 

Dosing Regimen The dose for cisplatin in dogs is CO 
to 7ft mg/ov given once every 21 days. An anticmelic such 
as butnrphanol <0.4 mg/kg) is generally given before the 
treatment is begun: am Hher dose may be given 2 hours 
later if vomiting becomes a problem Intravenous saline 
solution should be given to prehydrate the patient at the 
rate of 2.5 mLAg per horn fur 3 hours (18,3 mLAg per hour 

For 4 hours in dogs that might become volume overloaded), 

followed by a 20-minute intravenous infusion of cisplatin 
mixed :n saline. This js followed by additional fluids given 

for 1 more hour (2 hours for a heart failure patient because 
the fluid rare is lower) at tire-' same rare. Needles or IV sets 
containing aluminum pam that may come into contact with 

cisplatin should not be used fai preparation or administra¬ 
tion because a precipitate will form, causing loss of po¬ 
tency, For intracavitary treatment of mesothelioma or carci¬ 
nomatosis, lire animal is p re hydrated with intravenous 
saline m above, Cisplatin 50 mg/m>- is diluted in 0 9% 
NaCI to a total volume of I Um i for intraperitoneal therapy 

or 250 mg/m* for intrapleural delivery; The solution is 

warmed lo body temperature and instilled through an asep- 

tically placed catheter over 15 minutes, and post-therapy 
hydration is performed as above. Treatments are repealed 
once every 4 weeks, m needed to maintain remission, Da 
not give dsplatin to can. 

Cartwplalin 

Mfdianhni of 1 Action Because of cisplatin s effective¬ 
ness in the treatment of many turnon, great interest deveb 
oped in die search for another platinum compound that 
would maintain the same level of cytotoxicity but that 
would not. he as toxic to the patient. CarbopLatin wax 
developed at Michigan Slate University to fulfill then 1 
requirements; it is simitar to cisplatin in pharmacology 
and antitumor effects. The major mute of elimination of 
carhop loti n. like cisplatin. is renal excretion; however, car- 
bcplatin causes significantly less rcfi.il toxicity, so fluid 

diuresis before and ate administration is not required. 

Spectrum of Activity In the treatment of human can¬ 
cers CarbopLatin and cisplatin appear to share the same 
spectrum of activity; this is presumed to be (he case also 
for the dog. Because of its very different level of toxicity 
compared with cisplatin, caiboplatin is a logical alternative 

to cisplatin for patients with renal disease or patients with 

cardiac disease, for which the large amount of fluids admin¬ 
istered with cisplatin treatment might be dangerous Cor- 
boplatin is also safe to use in em, unlike cisplatin, and 
imralesiurud injections of a carboplatirt-oii emulsion into 
squamous cell carcinomas of the nasal planum in cats hat e 
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resulted in objective responses and apparent cures in some 

(TTteon et al., 1996), 


Preparations Carboplatin is available for intravenous 
infusion in 50-, 150-, and 450 -mg vials. 


Sidii Effects Carhop) sun is s i jmi heart Uy less nephro¬ 
toxic than cispluun md only rarely produces nausea and 

vomiting, Dose-dependent neutropenia and thrombocyto¬ 
penia arc common however, and the myclosuppression 
produced by die drug may be prolonged. In general, cai - 
boplatin in-, it me hi should nol be repeated until neutrophil 
and platelet counts arc in the normal range. Toxidiy in the 
cat is principally myelopsupprevsion, as in the dog (Hahn et 
a,l,, 1997). Although carboplatin has limited renal toxicity, 
concomitant treatment with aminoglycosides may result in 
enhanced kidney toxicity as well as hearing loss. 

When carboplatin in purified sesame oil has been used 

to treat squamous cd) cam nomas in cats ultra legion ally, 
systemic toxicosis was not observed in any of the cals. 
Plasma concentrations of carboplatin did not significantly 
increase during (he course of (rent men I Water: n-sesame 
oil emulsions have been shown to be effective earner; for 


intratumor administration of anti neoplastic agents, preserv¬ 
ing drug activity and enhancing concentration of drag lo¬ 
cally by allowing slow release into tissues Fhis allows for 

intensification of carboplatin chemotherapy without dose- 
limiting adverse effects. 


Dosing Regimen Cartniplatin is given as a 15 to 20 
minute IV infusion al a dost of 250 to 300 mg/tn : once 
every 3 to 4 weeks for dogs; unlike cisplitin, IV car* 
boplatin is safe for cals at a dose of 150 to 200 mg/m : 

once every 3 to I weeks. As n cisplatin. aluminum reacts 
with carboplatin, causing a precipitate; needles with alumi¬ 
num part* should not be used for the preparation or admin¬ 
istration of carboplatin. 

For inlratesional injection of the nasal planum in cals 
with squamous cell carcinoma, ireaiments should be done 
with the animal under general anesthesia due to the pain 

that ihe injection procedure is likely to produce. Car 
boplatin is prepared in a water/oil emulsion that includes 
10 nig of carboplatin in 1 nsL ol water mixed with 2 ml 
or sterile, pun tied, medical-grade sesame oil: a viscous, 
yellowish liquid is created by this mixture The emulsion 
is injected into the tumor and surrounding holders so that 

approximately 1.5 mg of carboplaun is injected pet cubic 

centimeter of tumor tissue. Four week y doses are arven. 


Miscellaneous Drugs 

r -Asparagi nasc, PcgaspirpK 

Mechanism of Action L- Asparaginase is an enzyme 
that is derived from Eithfriihiu rWi and that exploits a 
qualitative biochemical defect found in some tumor cells 
In acute lymplmid leukemia and lymphoma, most malig¬ 
nant cells are dependent on an extracellular source of 
asparagine for survival. Normal cells, however, arc able to 
synthesize asparagine, and thus are affected less by the 
rapid extracellular depletion of asparagine produced by t- 


asparagtnase Although most susceptible tumors respond 
with dramatic reduction in si it with the first administration 
of l- asparaginase, drug resistance of these cells develops 
quickly; a population of tumor cells is selected in which 
the enzyme asparagine synthetase is present, asparagine can 
he made intracelLularLy, .aid the tumor cells are therefore 

unaffected by the en/yroe'* administration. Fegfttpargavc is 
modified from L-asparagimtse by euvalcmiy conjugating 
monomethoxy poly ethylene glycol to the enzyme, forming 
the active ingredient PEG-Lrusparagi nase; pegaspargase 
produces fewer hypersensitivity reactions with administra¬ 
tion than conventional ^asparaginase.. 

Spectrum of Activity i Asparaginase is principally 

useful in treatment of lymphoma and lymphoid leukemia. 
Because hypersensitivity and drug resistance develop rela¬ 
tively rapidly. I,-asparaginase is a useful agent for induction 
ot remission or in reused lymphoid malignancies, hut it 
should not be employed m a part of a maintenance proto¬ 
col 

Preparations l-A sparaginase is available in vials con¬ 
taining 10,000 Ilf for parenteral administration, Pegaspar 
gave is supplied m vials containing 3.7541 111., 

Side Effeds Because asparaginase is a foreign protein, 
severe allergic reactions mas be seen on repeated adminis¬ 
tration. In humans* this is a significant problem, and it i* 
recommended that an iniradermal skin test be performed if 
the drug is to be given repeatedly, in the dog, however, 

anaphylactoid reactions are rare (Ogilvie et al,, 1994k 
Extreme facial edema and swelling and pain at the site of 
injection have been noted in occasional dog* within 24 
hours after I,-asparaginase administration* howevei pre¬ 
sumably ax a manifestation of an allergic reaction to the 

drug, 

Ptgaspargase was developed in an attempt to decrease 
the allergic reactions associated with administration of die 

•drug; it is conjugated with polyethylene jjycol wd is 
indicated ^hen L-asparaginase therapy is necessary despite 
a hypersensitivity reaction to previous treatment. Studies 
with the PEG-modified enzyme in dogs have indicated that 
it is also active against lymphoma (MacEwen et al., 1992). 
The necessity for its use in veterinary medicine i* limited 
because of the comparative rarity of allergic drug reactions 
with the use of conventional L-asparaginase. 

Side effects associated with the administration of l- 
asparagtnase in the dog are quite rare. Hyperamylasemia 
occurs in -ome patient v and may progress to acute necrotiz¬ 
ing pancreatitis (Hansen, 1982). [-asparaginase ad minis tra¬ 
in-n in humans causes a temporal* but fairly dramatic 

inhibition in protein synthesis by the liver, resulting \n 

reduced le*els of clotting factors. Levels of antilhrombin 
III and fibrinogen in clogs with lymphoma after i.-.uparagi 
nasc administration have not been found to be abnormal, 

however, and other clotting parameters were not signifi¬ 
cantly affected either (Mrodell. 1992; Rogers et al.. 1992), 

Clinically important bleeding or thrombosis may occur in 
the dog but is extremely rare (Swanson et aL 1986). 
L-asparagina.se deaminates extracellular asparagine to L- 
aspartic acid and ammonia. In patients with pre-existing 
hepatic disease of significant liver function abnormalities 
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relied to tumor infiltration, irealment wilh i -asparaginase 
mu) result in a syndrome mumbling ammonia encephalop¬ 
athy. with confusion Mid stupor. If scrum ammonia levels 
are found to be high in these patients, treatment with 
lactulose should be instituted until sig.ro abate. 

Posing Regimen Dosage is 10,000 to 20.000 lU/nr or 
400 lll/kg (maximum dose is ItijOOti 1U) weekly or as 
part of a combination protocol. Hie drug may be given 

subcutaneously, intramuscularly, of by IV administration. 

If L-asparaginase is given intravenously, the drug should 
be given over a period of not less than .ft) minutes through 
the side arm of an already running infusion of sodium 
chloride or 5% dextrose. 

Rradcam 

Mechanism of Action Piroxkam is a nonsteroidal anti' 
inflammatory agent that has anti-inflammatory, analgesic, 
and antipyretic properties in animals: edema, erythema, 
and tissue proliferation can be inhibited by the administra¬ 
tion of the drug, Piruxicani inhibits the generation of 

thromboxane B : in the blood of dogs by more than 7CK*. 
and more than 50*2 inhibition was maintained in most of 
the dogs for 48 hours tGalbraith and McKclIar, 19911 The 
drug has also been reported to have antitumor activity ut 
animal models and m metastatic tumors in humans. The 
exact mechanism for piroxicam's role in cancer treat mem 
i* not established at this time, but it is unlikely that the 
effects can be attributed to a direct cytotoxic effect (Knapp 
cl afo 1995). 

Spectrum of Activity Piroxicam has produced objec¬ 
tive responses in several types of carcinomas, including 
transitional cell carcinoma {Knapp et at., 1994), squamous 

cell carcinoma, mammary adenocarcinoma, and in a dog 
with pulmonary metastatic carcinoma (Knapp et al., 1992). 

Us principal use is in palliation of transitional cell carci¬ 
noma of the urinary tr act; relief of stranguria and hematuria 
often associated with transitional cell carcinoma may be 
seen for 4 to LI months after beginning treatment, 

Preparations Piroxicam is supplied as 1 fl-mg and 2(1- 
mg capsules for oral administration. 

Side Effects Serious gastrointestinal toxicity with mu 
cwsal ulceration ami bleeding, sometimes with perforation, 
may occur with piroxicam administration, especially if the 
drug is. given daily. If daily administration of piroxicam is 
necessary, concurrent misoprostol at a dose of 5 jxg/kg 

orally three times a day should be considered to prevent 

gastrointestinal ulceration Nephrotoxicity with renal papil¬ 
lary necrosis has also been reported with higher doses 

Dosing Regimen The dose is 0 3 mg/kg given orally 
once a day for 5 days and then every other day indefinitely, 

as long as efficacy is noted. 

CortkMteroids 

Mechanism of Action Several glucocorticoid hor¬ 
mones are used in the treatment of patients wilh cancer. 


lit increasing order of potency, these are hydrocortisone, 
prednisone, and dexamethasone. The ami-inflammatory ef¬ 
fects of these hormones may help to control pain in patients 
with terminal disease. Reduction of edema in Ihe central 
nervous system with primary brain tumors or brain metasta¬ 
sis occurs, especially wilh dexamethasotie; barrier perme¬ 


ability within the tumor is decreased, thus reducing the raw 
of edema formation. 

Corticosteru ids are effective in lymphoid tumors by 
producing a direct lymphocyiotaxic effect, apparently bind¬ 
ing to intracellular receptor* urid inducing apoptosis. A 

population of steroid-resistant tumor ce]h (possibly lacking 
steroid receptors) develops rapidly if the steroid is used as 
a single agent, however, usually within 3 to 4 months after 
treatment of lymphoma begins. Because glucocorticoids 
are transported out of the cell by the multiple drug-resis¬ 
tance gene product P glycoprotein, remission may be 
shorter and more difficult, to achieve with certain other 


chemotherapeutic agents alter sieroid resistance develops 
(Price ct «l., 199lb 


Spectrum of Activity Corticosteroids are most useful 
for their direct cytotoxicity in the management of lym¬ 
phoma. lymphoid leukemias, thymoma, and plasma cell 

tumors. They are also important in the symptomatic man- 
agement of mast cell tumors, shrinking these tumors by 
decreasing edema as id inflammation ami by reducing the 
eosinophilic and neutrophilic infiltrate commonly seen in 
these tumors. Whether neoplastic mast cells are actually 
killed by corticosteroid administration has not been deter¬ 
mined Coni cosieroid administration may produce a dra¬ 
matic improvement in clinical signs when used for patient* 
with intracranial and spinal cord neoplasms, relieving signs 
of compression temporarily. These hormones are also use¬ 
ful in relieving the general debility, fever (noninfeetious), 
and anorexia of cancer. Because corticosteroid* produce a 
"euphoria," their administration to animals wilh terminal 

metastatic disease may improve quality of life transiently, 
even though tumor growth is not inhibited by the drug, 


Preparation* Prednisone and dexamcthasouc are avail¬ 
able for oral and parenteral use in a variety of tablet 
and solution strengths. The drugs are also available in 
preparations for ophthalmic administration. 

Side Effects Side effects associated with the high doses 
of corticosteroids used ut cancer treatment are numerous. 
For most owners, polydipsia and polyuria are the side 
effects of lymphoma or mast cell tumor treatment in dogs 
that arc most difficult to accept; methylprednisolone, al¬ 
though much more expensive, may produce less polydipsia 
and polyuria. Owners should also be warned of the raven¬ 
ous appetite when associated with steroid administration in 
Jogs and cats. Temporal muscle atrophy, gastrointestinal 
ulceration and perforation, impaired wound healing, endo¬ 
crine alopecia, increased incidence of bacterial infections, 
acute necrotizing pancreatitis, and personality changes are 
all occasional side effects seen with steroid administration, 
especially in dogs. Owners should he warned not to discon¬ 
tinue steroid treatment suddenly if their pet has been re- 
ceiv ing corticosteroids for longer than 2 weeks because the 
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hypothuliimic-pituitary-iidiena] axis is probably suppressed 

at the high doses being given. 

Dosing Regimen Steroids may he administered orally 
subcutaneously, intramuscularly, or intravenously, de¬ 
pending on the patient's condition. A conventional dose of 

prednisone for treatment of lymphoma is 30 to 40 mg/m 
orally once daily through induction and then on alternate 
days during maintenance. Edema induced by intracranial 

or spinal neoplasia may he treated with prednisone at the 

above dose or with dexarneiha~snne at 0.1 mg/kg twice 
daily. 
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THE IMMUNE RESPONSE 

Immunomodulators. « biologic respon.se modifiers* arc 

agents or drag- that act to regulate or modify the host's 
immune response to a microbe, neoplasm, or inflammatory 
response. It h beyond the scope of this chapter to provide 
a comprehensive review of the immune system. A general 
overview follows, c ytokine biology can be reviewed more 

thoroughly in Chapter 20 or Aggarwal and Puri (1995), 

Nicola (1944). and Hilton (1994j anti interferon biology in 

Ti laid 11995). 


Immune Defenses 

Immune defends are composed of the innate ami adapt ive 
systems. The innate systems art- nonspecific in l hr it re¬ 
sponse and are best exemplified by barriers provided by 
the integument* the gastrointestinal environment (acid pi! 
and mucosal and epithelial barriers), the mucociliary tract, 
of the respiratory system and tbe mlmiatc vasculature of' 
elected organs such as the placenta, brain, and prostate. 
Other nonspecific defense mechanisms include fever ami 


the antimicrobial actions of many secretions. The adaptive 

system is composed of two major mechanisms, cell* itiedi 
ated immunity and humoral immunity, each accompanied 

by a variable number of cells and their chemical mediators, 

Some of the nonspecific components are also pan of the 

adaptive immune system, including phagocytic circulating 
leukocytes and tissue macrophages, and secretions or body 
fluids such os Interferon, complement, .and leukocyte sub¬ 
stances such m lysozyme. The primary targets of pharma 

cologic manipulation of the immune system arc the a dap 
rive arms of tbe immune system. 

Both cel I* mediated ami humoral immune mechanisms 
are characterized by sped licit y tow ard antigenic epitopes 
expressed as molecular components of infectious organ 
isms, foreign (transplanted) cells, or transformed (malig- 
tM.nl ) cells. Cytokines, including voluble growth and activa¬ 
tion factors fTable 19-1), are a vital component ol the 
adaptive response and arc released and subsequently medi¬ 
ate tbe response of the various cell populations invoked 
in both cell-mediated and humoral immunity fDiasio and 

LoBuglio. 1995). In addition to cytokines, a number of 

other molecules (such as adhesion or accessory molecules) 
are necessary as ' second signals" for antigen processing, 
recognition. or response (Diasio and I oBuglio, |995k 
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Effectors 

A brief synopsis of the events following infection to imple¬ 
mentation of the- immune response is as follows ohg 
(9-1 l The antigen is exposed to art antigen processing cell 
(AFC i which includes dendritic cells (the principle A PC L 
macrophages, and activated B cells (DLaiiu and LoBugliu, 
1995), The uniigcn is identified by the A PC as foreign 
and is subsequently phagoc yt izrd toy the AFC, The A PC 
“processes'* the antigen and "exhibits'' it on the cell 
surface in a groove made by the major histocompatibility 
complex (MHC) molecule. Peptides derived from endoge¬ 
nous proteins synthesized within the cell complex (includ¬ 
ing those synthesized -.n response lo viral stimuli) arc 

expressed with class II ME 1 C nwlc-cuks oil the cell siurTikce. 

whereas t vogenous proteins arc expressed bound to a class 
I MHC groove for presentation (Diasio and 1 oBuglio. 
19951. 

A single ARC surface may have tens of thousands of 
MHC molecules, each containing a different peptide; a 
single animal may have over 10* AFCs. The A PC migrates 

to the T-cell area of a lymph node and presents the antigen 

to naive CU4 T ceils. If the AFC contacts a CD-I T cell 
with a receptor that recognizes the antigen associated with 
the MHC, it becomes activated. The release of adhesion 
molecules causes the two cells to stick together, which 
facilitates interaction between the AP€ and the Cl>4. Cy¬ 
tokines tintvc between the two cells, and prodoctum of 
interleukin-1 <IL-1) b\ the ARC and II-2 from the acti¬ 
vated C[>4 cell itself amplifies the sequelae of CD4 activa¬ 
tion, The activated CD4 cell differentiates, pro I Mermen, and 
produces a number of cytokines (sec Table 19-1), which 
results m recruitment of other leukocytes, initiation of B- 
cd l production of immunoglobulins* and formation of other 
T-ral! Lcilomes, including ^memory" cells (Diasio and 

LoBuglio, 1995) (see Fig. 19-1) 

Cellular Components 

Two classes of lymphocytes are responsible for adaptive 
immunity (see Fig. 19 l>. B lymphocytes must be pro¬ 


grammed lo respond to antigen exposure and. after activa¬ 
tion to plasma cells, are responsible for the production of 
specific immunoglobulins (humoral response). T Lympho¬ 
cytes provide the primary regulation of the immune re¬ 
sponse. T-cell activity begins w.tft specific antigen recogni- 
Tion by a receptor on the surface ot the cell (Diasio and 
I xi Bug I in, 1 995 1 , T cells are further subdivided into several 
populations of cells based on (heir role in immunoregula- 

lion (see Fig. 19-1). Helper cell (CIM T cells; Th ccllsj 
receptors recognize and bind lo the pepiide-MHC class II 

complex of APC cells. In response to IL-1, CD4 cells 
consequently prvliferatc and become primed as either Thl 
or Th2 CI>4 cells, which modulate further responses in 
both the humoral and cell-mediated arms. Migration of 

activated lymphocytes from lymph mules to (issues is facil¬ 
itated by adhesion molecules expressed by endothelial cells 
in tissues. 

I tic THI subsets or CD4 produce interferon -7 i lFN 7 ) 
and are responsible for generation of memory cells and 
activation of the T-cdl-mediaied response (see Fig. 19JI 
TTbe cell .mediaied response occurs when activated CD4 
;Thl) cells attract other cells (polymorphonuclear leuko 
cytes* eosinophils, and monocytes) to support cellular kill¬ 
ing; the result is referred to? ait tie fayed hypersensitivity. 

Activated CD4 cells also yield* in response lo II -2 P CDS 
cells that arc responsible for the T-ce I l-inedialed cytotoxic 
response. Receptors of the CDS T cells recognize peptide- 
MHC class 1 complexes (generally associated with 
endogenous-—including viral stimulated—peptides) on 
APC. Recognition of the CDS receptor and subsequent 
interaction with CD4 cells results in the generation of 
cytolytic I ceNs, Cytolytic rails Mt capable of directly 
(without further mteraction with CD4 cells! causing lysis 
rh cells expressing the targeted specific peptide MHC com¬ 
plex (Diasio and LoBuglla, 1995), 

Activation of the humoral system occurs when naive B 
lymphocytes with appropriate receptors (immunoglobulins) 

recognize mi epitope in the iniaci foreign antigen. The 
antigen binds to the immunoglobulin, is ingested* and is 
processed such that it is expressed on the 1 surface of the B 
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Figure 1S-1 (hfnifu of ihe immune irspowc lo antigen pppcntilmn. The jnii^LT is prewnld it) jn irUCjirii-prev.-iilint! le-II i ARC). which processes 

Lhe mi gen and expresses its pcptkfr* in i groom SivaieJ on the major hiMtKompauhiliiy complex \ MHC i mokctilc When praafted lo naive CD4 T 

cclih with appnipnatc iwepi■’**. ihc helper cell become* pruned It) lorrri Cltti cells, capahle of dirwaJv killing cells presently contunmp the intifen; 

Till tells. which result in the form it k® of mcmor> T cells and T cells ih,u inract other leukocytes (type IV hypcrscnsiiisiiy); or Tlt2 cells, which 
stimulate B -etii production o( luinhodies A number of imcdeukms signal lhe dctrvmc*: adhesion molecules innt shown ) fan I mile crenmuBKaitiofi 
fvlween cells as well as (tuivemenl CftMtt lymph nodes Lhruuph sastulai cndolhc 1 1 . 1 L cells inlu luauei. IL - i[tierIcLikni. Th = T helper cell. 


cell in association with lhe same MHC (class 1 or 11) that scribed below, and the com pie mem cascade. The complc- 

presented lhe antigen initially (Dias in and LoBugho, I995), meni cascade is a major effector mechanism of the immune 

Binding of lhe immunoglobulin receptor with the peptide response. The cascade results in highly amplified events 

and subsequent interaction with a CD4 cell that recognizes that interact with other physiologic cascades, including 

tile antigen in its MHC complex stimulates proliferation of the coagulation pathway, kinin formation, and fibrinolysis 

B cells, their differentiation into plasma cells, and the {Gorman, 1995), Consequences of complement activation 

secretion of antibodies able to bind the epitope. Immuno- include opsoni 7411 ion, the release of biologically vasoactive 

globulin production is stimulated via IL-l. IL-4. 1L-5, and peptides, and cellular lysis. Cell-mediated cytotoxicity is 

IL-b in B lymphocytes, The complete sequence occurs over implemented by cytotoxic T lymphocytes, natural killer 

S to 14 days and results in an anamnestic or secondary cells (derived from lymphocytes), and and body-dependent 

response. Generation of "memory** B and T cells provides cell-mediated cytotoxicity (ADCC). mediated by a variety 

-term mechanism for a rapid immune response on of cells that express surface Fc receptors. Effector cells of 

ADCC include monocytes, neutrophils, eosinophils, and 
selected cytotoxic T cells and natural kilter cells. 



re-exposure lo the epitope (antigen) (Dias jo and LoBug- 
lio, 1995). 

An imbalance in the activities of CD4 Thl and Th2 
subsets may he responsible for the onset or exacerbation 

of immune-mediated diseases. Increased concentrations of 

Thl (and decreased Th2) are associated with response to 

Mial and fungal infeclions, whereas increased concentra¬ 
tions of Th2 (and decreased Thl) are associated with in¬ 
creased production of immunoglobulin E and A antibodies. 
Autoimmune diseases arc associated with a predominance 

of Thl. Imbalances also have been associated wiih resis¬ 
tance to infectious disease and malignancy (Rabin. IWKi. 


Immunoglobulins 


Five classes of immunoglobulins (Ig) are recognized in 
animals. IgM is the largest, forming up to 159) of the total 
immunoglobulin present. IgM exisls as a monomer or a 

large polymeric form. IgM is responsible for the primary 
immunoglobulin response; in animals, for some infections 

it is the only defense (Gorman, 1995). The availability of 
five binding sites renders JgM efficient at antigen binding 
ami agglutinin ion, virus neutralization, and opsonization, 
IgM also is a potent activator of complement. Because It 
Soluble components of the immune response include the is such a large molecule, unless vascular permeability is 

cytokines previously described, immunoglobulins do- altered, most IgM stays in circulation. 


Soluble Components 
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IgG (with multi pic subclasses) makes up the majority 

of lolal I g, It is the most suable of the immunoglobulins 

and thus is able to reach extra vascular spaces, Its primary 

biologic functions are to facilitate the removal of microor¬ 
ganisms, neutralize toxins, and bind lo mretooronisms or 


infected cells, initiating effector mechanisms, IgG activates 
complement or initiates Fc-bearing effector cells (ADCCl 
and promotes removal of immunoglobulin-coated cells by 

ADCC 

JcL has a major role in the response to parasites and in 
the pathogenesis of allergic diseases in part because of its 
unique ability to bind via the he portion of ihe IgE mole¬ 
cule to specific receptors on mast cells and basophils. 
Cross-linkage of two IgE molecules results in cakuun- 

mediated mast cell degranulation and Ihe release of a 

number of preformed (e.g. T histamine and serotonin) and 
synthesized (e.g„ metabolites of .uachidonic acid) media¬ 
tors. 


IgA is produced in submucosal lymphoid tissues and 

regional lymph nodes. After secretion outside of the cell 
it travels to epithelial cells, where the secretory component 

of the IgA acts as a receptor, binding to IgA and stimulating 
its endocytnsh. The two components are eventually exocy- 
tosed and attach to the mucosal surface, where they provide 
a protective component, neutralize toxins, adhere to bacte¬ 
ria and viruses* and interact with parasites (Gorman, 1 995 
F ictt iitlmunoglohlin molecule monomer is comprised 
of two heavy chains and two lighl chains attached hy 

covalent bonds, the number of bonds varies with the 
immunoglobulin; the number of dimers varies with the 

class, A number of fragments {generated by enzymatic 
cleavage) can be described: Fab. she antigen-combining 


fragment; and Fc. the crystalli/ablc fragment (Gorman, 

1995), 


Hypersensitivity Reactions 

Four types of reactions result from activation of immuno¬ 
logic pathways. Type l hypersensitivity results from anti¬ 
gen IgE interaction iFig. 19 2). IgE that has previously 

interacted with the antigen binds to the surface of a baso- 

phi I or mast cell. Subsequent interaction with the same 
antigen causes mast cell degTamilalion and the release of a 
number of mediators associated with immediate hypersemi- 
liviry. The reaction associated with mediator release can be 
instantaneous (e.g.. anaphylaxis), delayed for 2 to 4 hours, 
or biphasic with both an immediate and a delayed reaction. 
Systemic release of mediator results in systemic anaphy¬ 
laxis; localized mediator release limits reaction to the site 
of release. Atopy is an inherited predisposition to develop 
IgE antibodies to environmental antigens, and is character¬ 
ized by constant high levels of IgE, Occasionally, non- 
immune-mediated mast cell degranulatinn can occur le g., 
cationic drug-induced), resulting in an anaphylactoid reac¬ 
tion. 

Type it hypersensitivity occurs when ADCC occurs after 
antibody hinds to a cell or to an exogenous antigen associ¬ 
ated with a cell surface ora basement membrane Comple¬ 
ment may be act is tiled and contribute to the tin mage. Ex¬ 
amples of type II hypersensitivity include drug 
hypersensitivities* autoimmune hemolytic anemia* immune- 
mediated thrombocytopenia, immune-mcdiaied endocri- 
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Figure 19-2. Dttfranim.iiic rqircM:ii union of 41 iyfie I hyperserWijvhy maiiMi intohuif Luiufcn bound to JjE unJ L^uuni-im-JiJiicd dcgnmuLiioti. 
Dc^ranuliUnKi results in ihe Tdewse ot both preformed mediators jtxS medialtw^ fanned in Mtu ic p . fmm arach^nic acid l SomuMii*rwi oi nw^csnvbc 
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nopath ies. and immune-mediated dermatologic disorders 
such as bullous pemphigus (Gorman. 19951. 

Type III hypersensitivity results from the formation of 

aniigen-aniihody or immune complexes that either circulate 

or are deposited as n.eropreci pi tales in vascular bed* or 
basement membranes. The Arthus reaction occurs 2 to 4 
hours after IgG interacts with an antigen in the vessel wall. 
Serum sickness occurs when circulating immune com¬ 
plexes develop as a result of intravascular injection of the 
antigen. Microprecipiiates in circulation deposit in base¬ 
ment membranes and the vascular endothelium, resulting 
so immune complex diseases The risk of serum sickness 
increases with the persistence of antigen The size of the 
immune complex also determines the degree of damage 
because larger complexes arc more likely to deposit and 
initiate inflammation Complement both contributes to and 
protects against damage caused by immune complex dis¬ 
ease (Gorman. 1995), 

lype IV hypersensitivity involves sen on zed I cells that 

initiate a tell-mediated reaction on interact:™ with the 
appropriate class l[ MHC antigen. Lymphocyte and macro¬ 
phage influx to the site occurs over a 24- to 72-ht.mi period. 
Allergic contact dermatitis is an example of a type IV 

hypcrscnsitiviiy (Gorman. 1995). 


Effects of Opioids 

The possibility of opioid influence on the immune system 
was Itrst recognized close lu 100 years ago based on the 
e f fee t s i y f op i u i n o n ph ugoc y t i c function (Mellon a nd 

Buyer, 1998). Additionally, people addicted to heroin are 
more susceptible to infection. Rodent studies indicate in¬ 
creased mortality and morbidity when opioid-freated ani- 

mals nee exposed to infectious agents The presence of 
opioid receptors on cells of the immune system has been 
recognized since the late 1970s (Carr el aJ.„ 1996; Mellon 

and Bayer* 1998). Although further studies arc needed io 
fully elucidate (he effect of opioids on immune Function, 
thus far both the cellular and humoral immune reactions 
are impacted 

Effects j i. variable but are directed centrally rather 
than peripherally and involve prtm.au ily but not exclusively 
supraspinal mu receptors. Effects (inhibitory vs. stimula¬ 
tory i are dose dependent but occur at clinically relevant 
doses in animal models. Multiple central opioid recepkws 
m well as endogenous opioids appear to he involved in 
complex immune responses. Natural killer cytolytic activity 

and mitogen-sUtnuluted T-cefl proliferation are reduced by 

centrally ad ministered imnphine via mu receptor*, whereas 

antibody production is both increased and decreased by 
met-enkephalin, probably reflecting interaction with multi 
pie receptors. Effects can occur with single Of multiple 
administration of exogenous opioids. Both the neuo^endo- 
i rinc system tttnI the autonomic nervous system may serve 
as the efferent mechanism* mediating central opioid modu¬ 
lation of the immune system (Mellon and Buyer 1998), 
Tolerance appears to develop io some of the imnuinoniodd- 
latory effects, but this remains controversial. The clinical 
implications regarding the role of opioids in modulating 
the immune response are not clear. 





Iminuuomodulaiors often are classified according io their 
source: microbial, animal, or synthetic. litimunumoditklors 
can also be clarified by their effect on tbe immune system: 

they either enhance or inhibit the immune response “Pro- 
In "st " agents augment the cellular immune response cither 
by facilitating a normal response ummunorestoratives) or 
by stimulating the immune response (immunoslimuLanls), 
Immumwti mutant* can be used either before antigenic chal¬ 
lenge to protect inunumxaimpromisetl patients at risk or 

animals exposed to virulent agents or after exposure has 
occurred to promote immune function. Immunosuppressant 
agents are used to manage hypersensitivity reactions, in¬ 
cluding autoimmune diseases, and as amicancer drugs. 
Many immunomodulatory drug*- arc target spec ilk in their 

effects. Many also, however, haie nonspecific effects (hat 
affect several to many arms of die immun* response, 1m- 

munostimularts may in fact inhibit components of the 
immune response in some instances. Care should be taken 
when selecting an immunomodualtory drug, particularly if 

ail the effects of the drug are not known or anticipated 

Bor example, selective depression of some viral I y induced 
immune reactions are beneficial if ihe host immune re¬ 
sponse to the infecting viius threatens the host's survival. 
Dings that inhibit B -1 ymphocy le activity (eg., cyclophos¬ 
phamide) often Sower the mortality associated with some 
human influenza viruses and presumably should prove ben¬ 
eficial for the treatment of feline viral diseases associated 
with poorly controlled immunoglobulin production ■ i e., 
feline infectious peritonitis). 

The major indications for pharmacologic modulation of 
the immune system in animals are treatment of autoimmune 
diseases; prevention or treatment of infections, particularly 
in immunocompromised basis; and prevent ion and therapy 
of malignancies A less common but increasingly growing 
ase of immunomnduIaiore in small animals is treatment of 
graft-versus host reactions after organ transplantation 


IMMUNGMODULAtION IN VIRAL AND 



Viral Diseases 


Biologic response modifiers potentially offer a logical and 
unique approach to the treatment of viral disease* because 
i 11 viruses are capable of immunosuppression and (2) the 

immune response is mi important determinant in the host s 
ability to overcome v iral infection (Eord, 1986; Carrasco. 

1984) Resistance against and recovery from viral infec- 
5ions in mammals depend on three components of the 
immune system. The mononuclear phagocytic (reticuloen¬ 
dothelial) system represent the first barrier to viral infec¬ 
tions, but it i> nonspecific and not always efficient.. Sensi¬ 
tized T lymphocytes provide specilie cell mediated 
immunity, which is followed later b) humoral events, either 
narrowly specific (antibodies) or nonspecific i interferon>. 
There are multiple interactions between these systems. L’n- 
fatiunaidy, several of these systems also contribute to the 
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pathogenesis of viral discos Viruses may cause immuno¬ 
suppression by several mechanisms: they may directly in¬ 
jure' Of impair all classes of lymphocytes, cause the pnoduc 
lion of soluble immunoi up pressing chemicals (c.g.* 
interferon. pl5[EJ of feline leukemia virus \ damage all 
three cell systems by infection, or cause an imbalance in 

immumtrcgulaliun. thus leading to ovcraelivity of suppres¬ 
sor T cells, 


decreased qi maturation of tumor cells may be increased 
by biologic response modifiers. Host tolerance of damage 
caused by cytotoxic chemotherapeutic dn*p also may be 

increased by biologic response modifiers. Finally, biologic 
response modifiers have been used to alter patient response 
to fd me leukemia vims viremia and thus the subsequent 
associated neoplasms fMacEwen, 1985; The i ten and Hills, 

1982k 


Neoplastic Diseases 




DRUGS 


Many tumors have surface antigens toward which specific 

antibodies can be directed. Biologic response modifiers can 
site# response lo tumor antigen at one or several of these 
points, depending on the drug, Some biologic response 
modifiers augment or restore normal hast effector media 

msms by acting as either a mediator or an effector of the 

antitumor response. Thins formation of tumor cells may be 


The sequelae of immtmomodulaiion are not always benefi¬ 
cial: alteration of the immune response can impair many 

aspects of the host's normal defense system, The use of 
immuaomuduiiUon h still in the preliminary stages, and 
this is particularly true for veterinary medical applications 
t fable 19 2J, Because of the many facets of the immune 

system susceptible to regulation the dose, liming, and route 


Table If 2 Ooung Rag imam of Immurtoniodulatmg Dru§s 


Drug 

Oita 

Re ate 

faumel 

Acciriannu 

2 mg 

IntntunwraUy 

Wwfcly ftr 6 weeks 

Aunrthirijitucntr 

1 aif/kf. 

11 iinpcniioocfll3 % 

Weekly far 6 week* 

TV>f ik>S« 

1 ni4 Hun 10 kg, 5 m$ ^ 10 kg 

IM 

Twice 1 Week apart 


l mg.% * I>) 

IM 

weekly "601 Ttmlunr.; 
dm aJ temple weeks 

W*rfc ptrdnfNilotic 

i 2 mg/kg 

PQ 

13- 4if h 


0.5-1 M fflg/kg (Cl 

IM 

7 days 

A urn u tin 

0.1-0.2 mgfltg 

PO 

12b 

Ajuthiopnne 

I mg/kg 

TO 

24 h 

With piedniHoknH 

I nif/kg 

PO 

12 h 

Oikwarnhucil 

0. —ii 2 mg/kg 

to 

4Hh 

€ j vlophovphjmi Je 

L 00-250 mg/m’ 

IV bolui 

Once 


ft) mg/in- 

PO 

4K h 

Wt(h j*reUiH»».«kiw 

1 

PO 

12 h 


4-6 m^Ajt 

tV nfw^oti om 4 h 


Perianal tisluJiv 

5 Ifl U:i k.i: 

PO 

12 H 

Itrn«l ail- -i rate 

7.5 rttgA|r 

to 

12 6 

W illi predaiMridie 

a. 25-0.25 mg/kg 

PO 

12 b 

Danvitl 

2-5 mg/kg 

PO 

24 h 

DeAamc4hj»ofK 

0.1-02 mg/l,! 

IV 


IHnen ipd 

4 m«/kg 

IM 

4 h 

hbninentin 

0.5- 2 0 mg/kg 

IV 

24 h 

Hu nun g airnn a gto hu I i n 

0.5 -1 1 ptg 

IV infusion 

Over 12 h 

LevaettUfrUte 

Mcgc'iimi rwTiuic 

2.5-5 mg/kg 

PO 

ITucf limes kptkly 

IttAv^mn 

2.5-5 tup ini 

HO 

48 h. t\ cry other day 

MidiUciuunec 

2. 5 ■ M ■ i 

m 

7 14 days 

Mclhy 1 piKkimlfflic acetate 

2 . minimutra o( mj 

Intratesiutul 

J 4 days 

Nijcin 

5-12 n L kg 

PO 

8 h 

Prolni vo4« k . pred n i uxx 

'ii mg4g i L>.» 

PO 

IMI h 

immiittasupfitTvi i ■» v 

1 -5 mg/kg 

I V m PO 

12 h 

AEicnuic-diy uigel 

C.2T4J 5 n^k£ 

IV SC, PO 

4 $ ft 

hmondulin 

50 m^Tg Vf [n 21KI qig 

jV 

24 x 5 

Tcii^jcliiie 

5-12 m k,- 

TO 

8 h 

Vitamin h wctalc or wcintfe 

■HJI) 111 

PO 

! 2 h J h tie-furi' ■ <r .il nt 

a mcil 

Vinblastine 

0.1-41 4 mg/kg 

IV 

7“ S 4 days 


2 nig/m iCi 

tv 

7 -14 days 


1 -3 rag/m : (D > 

IV 

7 days lin a protocol] 

Vincristine 

Immune mediated tftr-wnhoe yi npenia 

0.010-01125 tis &kg i D> 

IV 

7-10 days 

Nraiut* 

t}.5-0.75 my/m 1 

IV 

7-14 days 


t«: D, IM. iiiliiMmv;ul«iL IV uimvnmn-; 1*0, urik 9C\ 


pyrighted m 
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of administration of ihese drug* are important lo avoiding 
liflA^ired affect t In addition, Itod e ff^erK suck an age afd 

nutritional status and the nature of the disease may he 
important detenu inants in the patient s response to these 

drags. 

immu n o supp mss a n t Drugs 

Several principles should guide use of immunosuppressant 
drug* (Diasio and LoBuglio, 1995), Firsts suppression of 
the primary immune response is more easily accomplished 
than is suppression of the secondary ■ amnestic) response. 
Second, success Fill inhibition or suppression is easier if 
therapy begin* before exposure to the inciting immunogen 
(am 3 gen), Third, immunosuppressive drugs do not cause 
the same effect on all aspects of the immune system Often. 

oppmilc effects are concentre] ion dependent. Thus, failure 
to achieve the desired response should not necessarily le&d 

to an increase in dose. 

Two major limitations characterize immunosuppressive 

therapy. Patients receiving immunosuppressive therapy ore 
predisposed to infections of my type. In addition* the risk 

of lymphomas and related malignancies is increased. This 

latter risk is more problematic in human patients because. 

in part, of then longer life span. Evenis that immunosup¬ 
pressive drugs u-nd to target iitdinlc. antigen recognition, 
stimulation of IL-I. synthesis and re ease of IL-, 1 or other 

cy tokines* and lymphocyte proliferation and differentiation 

(Diasio and LoBugiio* 1995). Secondary signal molecules 

are also becoming increasingly important as targets of 

i mm unosuppre ssi \ e therapy. 

Fhc primary indication for I be use of immunosuppres¬ 
sant drugs m veterinary medicine is treatment of auioim- 
tnunc disorders Such disorders are characterized by sensiti¬ 
zation to endogenous proteins that are perceived to be¬ 
fore ign. Both cell-mediated and humoral responses can 

be directed toward the protein. Many immune-mediatod 

disorders afflicting dogs and cals respond sufficiently well 
to glucocorticoids (discussed in Chapter 17) and, when 


necessary (in severe eases), cytotoxic drugs. These include 

immune'mediated autoimmune Iwmolyijc wm o i* ihrom 
bocytopenia, acute glomcru lopal h ies. and many dermato¬ 
logic disorders with an immunc-mcdfailed basis. 

CydospoHn A 

Chemistry-Structurr Relationship 

Cyclosporin A (CsAh now known as cyclosporine, ls 
the most important immunosuppressive drug for human 
transplantation and the treat merit of selective autoimmune 
disorders Dtajrio and LoBuglio, 1995). Cyclosporin A is 
oik- of nine cyclosporins (A through Jl, each a cyclic 
peptuk drug (Fig. 19-3) isolated from the fungi Cyctimin*- 

carprm iw idiittn and Trit-hodermu ptdysporum The drag 
is very lipophilic and very hydropbohic and most be solubi¬ 
lized before administration tDiosio arid UiBiigho, 19951 
The intravenous t}V| preparation is an ethanol- 
puEyoxy ethylated castor oil mixture. The oral preparation 
is a soft gel {din capsule (Sandimmune) or a (newer) micro 

emulsion formulation (N coral k Historically* CsA has been 

formulated ,n peanut oi i (for treatment of ophthalmic ocular 
disorders in dngs); however, an approved product formu¬ 
lated foi topical use b now availablc. 

Mechemmn ojf Kctio/t 

Cyclosporine is a unii|ue inuuuno-suppressant in dull it 

^peciticrdly inhibits Th cells early in theii immune response 
to antigenic and regulatory stimuli (Diasio and LoBugho. 
1995* without affecting suppressor cells Suppression oc¬ 
cur?' as (\A binds to cyclophilin. a cytoplasmic recqUor 
protein, forming a hetcrodimerit complex* 'This complex 
then binds to ttiJcmetuin. Binding of cnlcineurin inhibits 

calcium-stimulated phosphatase activity that results in de- 
pbospliorylation of regulatory proteins Depho&phorylatioti 
of the proteins causes iheir translocation lo the nucleus, 

where they serve as subunits of transcription factor com¬ 
plete*. Thu*. CsA prevents the enhanced transcription of 
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T-ccll genes that would otherwise occur after T-cell activa¬ 
tion, Transcription mediated by IL-2, certain protoutKO- 
genes, and selected cytokine receptors art* particularly af¬ 
fected (Diasio and LoBuglic* 1995). Interleukin 2 
production land thus T-cell proliferation and antigen spe¬ 
cific cytotoxic T-1 y mphocyte generation) also is attenuated 
because the expression of transforming growth factor, a 
potent inhibitor of IL 2, is increased > Diasio and I oBuglio, 
1995 i. B celb mc not affected. The drug is most effective 
when administered before T-cell proliferation has occurred 

Ciimeai Pharmacology 

The pharmacokinetic behavior of CsA i* complex and 

apparently has not been studied in dogs or cats. Absorption 
after oral administration is slow and incomplete. lit hu¬ 
mans. oral hinuvai I ability of the capsule ranges from 20 lo 
50Tt but is improved by 10 U> 20% in the microemulsion 

form (Diasio and LoBuglio, 1995; Friman md Backman, 
1996«. In contrast to earlier preparations, the oral absorp¬ 
tion of the microcftulsion is not dependent on bile acids 
(Friman and Bask man. 1996) Peak concentrations occur I 
to 4 hours after oral administration in human beings. When 
the capsule—bin not the microcmuLsion—is administered 
with a fatty meal* absorption is slowed. Studies suggest 
that decreased biou vail ability of CsA after oral administra¬ 
tion may re Heel activity of drug-metabolizing enzymes 

of the intestinal epithelium (Gomez et al., 1995) or 
P glycoprotdn-mediated drug efflux. 

Cyclosoporine is widely distributed, characterized by a 
large volume of distribution (13 Mfg in humans). The drug 
accumulates in erythrocytes (accounting for 5fl% or more 

of the drug in humans i, and leukocytes taccounting for l(> 

to 205* at circulating drug in humans) (Diasio md LoBug» 

lio* 1995s. Remaining circulating drug is bound Lo plasma 
lipoproteins The drug is metabolized b> the liver tor. large 
number of metabolites, which are likely to vary among 
animals. Over 2(1 metabolites have been documented in 
humans. Metabolism is targeted primarily toward the side 
chains rather than the ring structure. Metabolism appears 
to totally inactivate the drug., although this has not been 
shown conclusively (Diasio and LuBuglio, 1993). Metabo¬ 
lites are excreted in bile and feces. The elimination half- 
life of CsA m humans is 6 hours. 

jf irug laierwfions 

The risk of drug interactions is another indication of the 
need for therapeutic drug monitoring as a guide lo proper 
dosing regimens. A number of interactions between CsA 
and other drugs have been reported in the human literature 

(Diasio and LoBugUo, 1995). Its elimination ns accelerated,. 

prohubly in part due to induction of drug-metabolizing 

enzymes, by pheuytoin. phcnoharbital, rifampin, and sulfa- 

methnxazoleArimethnprim comb mat urns Its elimination is 
decreased by amphotericin B, erythromycin, and kctoconu- 
zok (Dia-sio and LoBuglio, 1995 1 . Cyclosporine also ap¬ 
pears to niter the oral absorption of other drugs (Gomez cl 
al., 1995). As an inhibitor of P glycoprotein, cyclosporine 
can increase the oral bioa variability of drugs that otherwise 

would he efttuxed from intestinal epithelial* cells into the 
intestinal lumen (Teruo ct al,. 19%), Cyclosporine can 


be used with other immunosuppressive drugs, including 

glucocorticoids (Diasio and LoBuglio, 1995), 

The inhibitory effect of ketoconazole on intestinal epi¬ 
thelial and hepatic drug metabolism may be of therapeutic 

benefit in patients receiving cyclosporine Administration 
of drugs (e g.. ketoconazole) known to inhibit the metabo¬ 
lism of CsA (potentially targeting intestinal epithelial* cells 
as well as hepatic microsomal enzymes) not only decreases 

the hepatic clearance but also increases the bioavailability 

of the drug (Gomez et al, 1995; Me Lachlan and Tett. 
19981 . Ketoconazole may also decrease the lipoprotein that 
binds cyclosporine, resulting in higher concentrations of 
free cyclosporine (Keogh ct al, + 1995). Differences in oral 
bioavailability of cyclosporine among animals also may 

reflect the presence of intestinal P glycoprotein, a protein 
responsible for the efflux of drug from cells, P glycoprotein 
appears to contribute lo first-pass elimination of cyclospor¬ 
ine by acting as a rate-limiting step in absorption (Lown ct 

al. t 1997). 

The use of ketocon azote in conjunction with cydaspor» 
me as a means of decreasing dreg costs apparently has 
ten well accepted in human medicine (Keogh ct al, 1995) 
kit is supported by therapeutic drug monitoring. The two 

dings have been used safely for up to 47 months in one 
study (Keogh et al.. 1995). The dose of cyclosporine bos 
been reduced as much as 88%, The effects occur rapidly; 

62% of die effeel is apparent by day 7 in humans, although 

the maximum inhibitory effect may not 'be present for 12 
months. Interestingly, the combination drugs resulted in a 
lower rejection rate than did cyclosporine alone (Keogh 
ct af,. 1995) The effect of combining ketoconazok with 
cyclosporine has been studied in dogs (Myre el al„ 1991). 
KeOK-onazLile was studied al doses ranging from 1.2 5 to 
10 mg/kg per day, with the magnitude of inhibition increas¬ 
ing with the dose of keloconazole Inhibition of clearance 
occurred at doses less than 2,5 mg/kg per day; clearance 

was reduced fey S5% a! 10 mg/k.g per day. Differences in 
clearance did not, however,, appear to affect bioavailability. 
Other drugs that decrease clearance of cyclosporine include 
dilLiazem, verapamil, and itraconazole (McLach)an and 
Te«. 1998) The impact of cimctidine or chloramphenicol 

both inhibitors of hepatic drag-metabolizing enzymes* ap¬ 
pears to have mm ten reported. 


Side Bffe.et% 

Cyclosporine is characterized by a narrow therapeutic 

index in human patients, with renal toxicity (be primary 
adverse effect. Renal tubular cells develop hyperuricemia 

(worsened by diuretics) and hyperkalemia (a renal tubular 
and erythrocyte ion channel effect) (Kaftan. 1993). Hepatic 
injury also occurs. Although less common than renal dys¬ 
function. the risk of severe hepatic damage is markedly 
increased when cyclosporine is used in combination with 

cytotoxic drugs. Cyclosporine also increase* the incLdence 

of gallstones in human patients. Use risk of renal and 

hepatic toxicides docs not appear to be as great in small 
animals. The risk of renal damage is, however* likely to he 
enhanced wirh concurrent administration of several other 
drugs, including other nephrotoxic drugs, and may be of 
greater risk in animals undergoing renal transplantation. 
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Hyperlipidemia also has been reported in humans, particu¬ 
larly in patients receiving glucocorticoids. Other side ef¬ 
fect- reported in humans indude hepatotox icily, neurotox 
icily, gastrointestinal upset, and hypertension iDiasin ami 

LoBuglio. IW5). Development of B-ceJI lymphoma also 

luis been refH>neil The commercial form intended for IV 

use has been associated with anaphylactoid reactions in the 
dog due to the solubilizing agcnL 

Cycloserine concentrations should be monitored as a 
guide to effective yci safe dosing regimens. Guidelines 
offered m human medicine have served as targets for veter¬ 
inary patients (Kalian, 1^3) Several methods are available 
for measuring cyclopporine concentrations. including high- 
performance liquid chromatography ■HPLC-. which can 

separate metabolites from the parent drug, and immunoas¬ 
says based on radioimmunoassays (RIAi and polarized 

immuno fluoresce nee, which is likely to detect parent drug 

and metabolites. Each appears to be clinically useful, al¬ 
though the target conecntrelions will vary with the method- 
(ilog> Samples may sary, with whole bkwd being the most 

common. The labtrratory to be used should be contacted 

before sample collection. Plasma or blood concentration of 
cyclosporine is the predominant determinant of drug effect 

(Kuban. 1993), although an active metabolite may contrib¬ 
ute up to 10* of activity in humans not receiving kctocona- 
?o le. 

Serial pharmacokinetic profiling has been recommended 
in lieu of single trough concentrations because the latter 
do not correlate to area under the concentration curve 
(Kahan, 1993). Variability indisposition (ninefold variation 

in drug absorption and sixfold in clearance) also necessi¬ 
tates venal sampling m persons receiving the drug. With 
polarized im mu noflu ore scent methods of detection, a 
steady-stale concentration of 400 40 ng/ml, is targeted 

with this methodology in people undergoing transplanta¬ 
tion Unfortunately, development of a full pharmacokinetic 
profile (including clearance) requilts [V administration of 
the drug in route used after renal transplantation), a route 
not used in animals. Collection of a peak and a trough 
sample can be used to generate an area under 1 the curve 
(most easily implemented with computer software); when 

divided by the dosing interval, concentrations should ap¬ 
proach 550 to 600 ng/ini*. frough concentration s should 

remain above 200 ng/ml in order i« be immunosuppres¬ 
sive. In human patients undergoing transplantation, estab¬ 
lishing the pharmacokinetics of the drug before transplants 
tion appears to be v ery useful to determine the proper post- 
transplantation dose (Kahan, 1993). Although therapeutic 
drug monitoring can lx? used to guide dosing regimens 

such then efficacy and safetv are enhanced, laboratories 

■ « 

offering cyclosporine assays are limited, and the assays 
can be expensive. 

Therapeutic Use 

In veterinary medicine, the major indication tor cyclo¬ 
sporine (as a topical treatment) has been keratitis sicca 
i Williams, 199 *}, Benefits include both imnmnomodulation 
ami an increase in tear production A 0.2% cyclosporine 
compound in a petrolatom—com oil ointment is vomroci 

dally available (Sphering Plough) for keratitis sicca in 
dogs. A homemade preparation of 2% cyclosporine in com 
oil was used before the commercial preparation (2 mL 


cyclosporine added to 10 mL of com oil) became available. 

Application of one drop of the commercial preparation 
twice daily should be effective in up to 80*% of dogs. The 
frequency of administration can be decreased to every other 
day for most dogs. 

Cyclosporine has been used sysiemically for a number 

of disorders. Because cats may find the oral preparation 

unpalatable, the oral solution can be given diluted ui olive 
oil The IV preparation 4 to 6 mg/kg as a 4-hour IV 

infusionj can be given to animals for which oral adminis¬ 
tration is not possible (Vaden, 1995). The Vehicle of the 
[V preparation n very irritating and must not eiiravasate, 
Monitoring i* recommended at least monthly for the fust 
several months of therapy and preferably weekly for the 
first month of therapy, or until concentrations are stable. 
Concentrations may vary with ific methodology of detec¬ 
tion and the Tissue sampled. For example, monitoring of 
whole blood (WB) versus plasma or serum (PS) (based on 
human data) should yield the following trough concentra¬ 
tions (ng/ml); For HPLC, 100 to UK) (WB); RIA. mono¬ 
clonal antibody methodology: ISO lo 400 (WB) or SO lo 
125 (PS); RIA. polyclonal antibody methodology: 200 to 
800; fluorescent polarized immunoassay: 250 to HXM), Val¬ 
ues have been reported for cats and dogs for selected 
assays (Vaden, 1995)* but it is not dear if these ranges 

reflect therapeutic ranges or concentrations achieved alter 
selected dosing regimens. 

A retcm indication for cyclosporine treatment in dogs 
is perianal fistulas. Mathews and coworkers (1997) found 
that cyclosporine was effective in eradicating or markedly 
reducing the size or number of perianal fistulas in 10 of 10 
dogs. Initial dosing began at 10 mg/kg orally every 12 
hoore hut was reduced to 5 0 to 1 5 mg/kg after 1 week 
because of excessive trough concentrations, Doses were 
adjusted to a trough measurement of 400 to 600 ng/ml 

Duration of therapy rouged from 8 to 12 weeks; remission 
required another 4- to 6-week trial of therapy in 3 dogs. 
Remission was persistent in all dogs for ul least 6 months 
and up to 18 months at the time the report was published. 

A follow-up study of a randomized controlled trial jn 20 

dogs (Mathews and Sukhumi, 1997) found that fistulas 

recurred in 7 of 17 dogs treated with cyclosporine and 

required subsequent treatment or surgical excision < yclo- 
spomte was, however, beneficial presurgicaUy lo reduce 

the extent of excision, "The invest)gators also found that 
trough cyclosporine concentrations between 100 and 300 
ng/mL were effective for treatment of perianal fistulas. The 
most frequently reported s:de effect in this study was 
shedding of hair, noticeable by 16 weeks. Older hair coats 
tended to be replaced with a softer coal, 

A cost analysis reveals the use of keftoc*mazofe to he 
economically sound for reducing the dose of cydoxporine. 
I iff a 40-Lg dog, 7.5 lo 15 mg/Lg per day of cyclosporine 

costs Si5-00 to $30.00 per day. If keloconazolc k added m 
2.2 to 8.5 mg/kg the dose of cyclosporine cart be reduced 
to 1,0 to 3,5 mg/kg With the combination of kcioconazck 
and cyclosporine the lowest cost would lie $6.20 per day 
(2.2 mg/kg ketoconazole and I 0 mg/kg cyclosporine) and 

the highest cost would! be $19.00 per day (8,3 mg/kg 
kciacomi/ole per day and 3-5 mg/kg cyclosporine per day). 

This is bused on a cost of cyclosporine (Neoral ) of $2.00 

per 25-mg capsule and $4 3ft for a 200-mg capsule of 
keloconazolc. Note, however, that the proper dose of keto- 
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u>na/ok is not known: ii might be recommended to start 
in the middle of the dosing range for the both drugs. We 

have used ketoconazole at a dose of 7 mg/kg twice daily 

and cyclosporine at 3.5 mg/kg per day. Within l week, 
trough cyclnspnnite concentratiims w ere I IKK) ng/mL. The 
dose of cyclosporine was decreased b> 50%: trough con¬ 
centrations I week after the dose decrease were 540 ngf 
ml. The interval for cyclosporine was subsequently pro¬ 
longed to 48 hours, CycfospuniK should be monitored at 
weekly intervals for the first week and then biweekly as 

needed. Both a peak and a trough sample would be ideal, 
a trough sample is recommended if only one sample can 
be collected. 

< ’yclospori ne also is being used increasingly for patients 

suffering from autoimmune disorders that have tvH re¬ 
sponded H> traditional immunosuppressive therapy, I and 

others have used cyclosporine successfully Tor treatment of 

pure red cell aplasia (Barth el ah, 1997). A randomized 
placebo ‘Control led study on the use of cyclosporine for 
treatment of spontaneous glomerulonephritis in dogs (Va 
den. 1995) found no differences between treatment groups 

in improvement Packed cell volume was lower in the 
cyckvsporiiK-treated group; in addition, clinical signs u>tn- 

palible with decreasing renal function appeared to be more 

severe in animals receiving cyclosporine. Cyclosporine ap¬ 
pears to act ay nergistical I y with dexameiha^one for the 
treat mem of inflammatory bowel disease in human patients. 
Each drvi g appears to target through different mechanisms 
the chemukine* responsible for migration of white blood 
cells to the site of inflammation (van Deventer 1997), 

f yclosponne does not appeal to be effective for the treat¬ 
ment of tmmune-mediated glomerular nephritis in dogs 
fVadcn, 1995). 

With the advent of renal transplantation availability at 
several facilities, CsA is increasingly being used to prevent 
graft-host rejections, Cats respond better Than dogs, with 
renal allografts being maintained at 7 5 rng/kg every |> 
hours coupled with prednisolone (0,125 to 0.25 mg/kg 
every 12 hours) (Vadcn, 1995*. Trough concentration* of 
whole blood should he maintained at 500 ng/mL (HPLC) 

the first month after transplantation bm can fee reduced to 
250 ng/niL thereafter 

Other potential indications for cyclosporine warrant fur¬ 
ther investigation. Ohs suffering from Axraris suum- 
induced airway reactivity had decreased reactivity and re- 
inodei iug after reve: v jng eyelospi n ine. differcuce* were 

noted With 24 horns of therapy (Padrid et aL, 19%). 
Cyclosporine therapy was successful in treating aplastic 
anemia in three of four dogs (Barth et al., 1997) when 
dosed at 5 to 10 mg/kg every 12 hours. Cyclosporine 
may have applications in dermatologic diseases. When 
compared with dexameihasone and indomethacin N topical 
cyclosporine was equal in suppressing orachidonic acid- 
induced inflammation (Puignero and Queralt, S997). and 
studies arc under way to evaluate its use in canine dermato¬ 
logic diseases. 

m 

Tacrolimus 

Tacrolimus is another macrolide antibiotic produced fey 
SiFEpumwes, Like cyckuspurinc, it inhibits Dcell activa- 
lion by binding to a cytosolic protein and ultimately inhib¬ 


iting cakiwurin-dcpendem activation of lymphoktne ex¬ 
pression. apoptosis, and de granulation (Dtusio and 
LoBugJio, 1995). The intracellular receptor* for tacrol im us 
are distinct from those tor cyclosporine, The drug is avail¬ 
able for botli oral and intravenous administration. Tonicities 
ore similar to those of cyclosporine in people. The drug 
may be more loxie Ilian cyclosporine in dogs, and its use 
has not been recommended (Vailen, 1997), 

Mymphmohtr Mole til 

Mycnphcnolaic mofetil (MMF) is the morphohnoethyl es¬ 
ter pro-drag of mycopheno]jc acid (MPA), a potent >elec- 
tive reversible inhibitor of inwmt monophosphate dehy- 
d rog e nas e 11M PD H). 1 h i v c n zy me is c n t ic a 1 to r I be 
production of the guanine triphosphate precursor guanine 
incMbophosphalc, which in turn rs ihcccssary for die de novo 
synthesis of purine nucleotides. As such, the drug is an 
anti metabolite. Unlike other antic ancer anti metabolites. 
MMF and its active metabolite MPA are relatively selective 
for lymphocytes ’because they me solely dependent on dc 
novo synthesis of purines for DNA synthesis (Langrttan et 
al. 1996. Pirscb and Sol linger. 1996). 'Die drag is the first 
to lie approved m the United Stales ^ince cyclosporine for 
prevention of renal allograft rejection. 

The primary side effects in human patients receiving the 
drug for allograft rejection are Leukopenia, gastrointestinal 
upset and cytomegalovirus disease. The incidence is, hew 
ever, small A bilateral nephrectomized dog. model has 
been used to study this drug, and pharmacokinetic data 

gathered after oral absorption are available (Longman et 
al,. 1996). The disposition appears to be characterized by 
marked variability. After doses of either 20 oi 40 mg/kg, 
mean peak concentrations of MPA are, respectively, ap¬ 
proximately 90 and 130 rrcg/L. although peak concentra- 

lions did not statistical ly differ between the two groups. 
Based on lymphocytes exposed to whole blood containing 
MPA* 2fX) mg/L MPA is necessary to inhibit baseline 
activity of 1MPDH by 5CH5. The elimination half-life of 
the drug range* from 1.45 to 11.09 hours, with a mean of 

approximately 1 hours, regardless of the dose, Based on 
these data, a dose of 20 mg/kg every 8 hours wax chosen 
for a study of dogs with myasthenia gravis. The dreg 

appear* to be relatively safe based on renal ind hepatic 
indices of damage even when dosed at SO mg/kg twice 
daily. At dial dose, transient elevations of hepatic damage 
enzymes can he expected {Plalz et al., 1991), The drug 

currently is under investigation for application in canine 
immune-mediated disorders. 

I,dl unonurk- 

Leflunomide is an experimental drug that inhibit* de novo 
synthesis of pyrimidine. It is being studied for the treatment 
of rheumatoid arthritis in humans (SmoLcn et al. 1999), 
Like MAIL, it is a pro-drug Unlike MMF. however, little 
information appears to be available regarding its use in 
dogs {Gregttfy et a). t 1999). Anecdotal reports suggest 
that the drug is effective for treating canine cutaneous 
histiocytosis and pemphigus foljaceus (2 to 4 mg/kg orally 
every 24 hours). Side effects that reportedly occur in dogs 
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include leukopenia, thrombocytopenia, and gastric ulcer 
ill i on. 


Hormones 


Glucocorijcosieroids (see Chapter 17) possess both anti¬ 
inflammatory and inmiuno modulatory capabilities. Emmu- 
no modulation results in actions at a variety of LargeLs in 

the acquired immunodeficiency syndrome (see Chapter 20k 

Selected progestational compounds (f .g„ megesirol acetate) 
have been used tor their general immunosuppressive ef¬ 
fects. Megcstiol acetate may base longer and more potent 
anti-inNaniniaiory effects compared with glucocorticoids 


(Rh' t.Il• s et ulI995); however, in the cat, the species for 

which these products tend to he used. side effects cun he 
dramatic and life threatening. Thus, their use is recom¬ 
mended only for conditions that wilt not or have not 

responded to glucocorticoids. 

Danazol is classified as an androgen hut is characterized 
by weak androgenic activity. In human patients, dana/ol 
has proved effective in stimulating increased concentrations 
of complement inhibitor and thus is indicated lor treatment 

of angioneurotic edema (Wilson. 1995 k Panazol also has 
immunomodulatory effects thai are of benefit in type 11 

immune complex diseases. Dana/ol apparently decreases 
the expression of nr blocks Fc receptors on macrophages 

(Ward* 1995; Stadimauer cl aL 1991: Choudhry ct al.. 


1995; Schreiberct id., 1987), The drug has proved useful in 

a number of type II immune-mediated diseases, including 
immune-mediated hemolytic anemia (autoimmune hemo¬ 
lytic anemia) and immune-mediated thrombocytopenia 
(Gorman, 1995: Ward, 1996: Bloom et a!,, 1989; E lollaway 
et ak, 1990). 


Cytotoxic Drugs: Anti me lahulltos and Other 
Antinropluslir Agents 

Anti metabolite and alkylating anti neoplastic agents (see 
Chapter IK) arc also used as chemical immunosuppressmt s 
by virtue of their effects on actively dividing cells (Lung* 
ford et ah, 1998a. b). Their effects should, however, be 
regarded as nonspecific. Macrophages, activated T and B 

cells, and natural killer cells are the targets of most of the 
drugs. Those most commonly used U m (heir mmmruimodu- 
latory cfleets are cyclophosphamide and azathioprine, in 
general, neither drug is sufficiently immunomodulatory and 
safe to allow use as the sole agcni. 

Cyclophosphamide is a nitrogen mustard. Its immuno¬ 
modulatory effects reflect the same mechanism of action as 

its anti cancer effects (see Chapter IK), Cyclophosphamide 
Lilks I. jtes DNA in both proliferating and rmnpmh I crating 

cdU: proliferating cells are more susceptible to alkylation. 
Both B and T cells are impaired. Because B cells recover 
more slowly, however, cyclophosphamide inhibits (he hu¬ 
moral response more than the cell-mediated response (Dia 
sio and LoBuglio, 1995). Note that at very high doses 
cyclophosphamide can actually induce tolerance to an anti¬ 
gen to which the patient has been exposed. Toxicides of 
cyclophosphamide are typical of drugs that target prolifer¬ 
ating cells. In addition, hemorrhagic cystitis has been re¬ 
ported in dogs receiving the drug (see Chapter 18). Cyclo¬ 
phosphamide therapy should be discontinued if the 


neutrophil or platelet counts decreased less than 2000/pi, 
or less than IOQ,OOU/p,L respectively. Azithioprine inter- 
acts with nucleophile to form 6-roercaptopunne. which is 
converted to nucleotides. The nucleotides interfere with 
purine synthesis or cause DNA damage. The drug is avail¬ 
able lor bo Eh oral and intravenous administration. Co 
administration with allopurinol increases the risk of toxidly. 

Toxicity results from inhibited growth of rapidly growing 
cells, including cells of the bone marrow and gastrointesti¬ 
nal tract. Although a/athioprine has been used in the cat, 
reformulation may be necessary for accurate dosing. 

Chlorambucil is also a nitrogen mustard, and its cyto¬ 
toxic effects arc similar to those of cyclophmphamide. The 
drug is available in an oral preparation that allows accurate 
dosing in cats (Rhodes, 19951 In contrast to cyclophospha¬ 
mide, chlorambucil's myclos oppression is only moderate 
and gradual. ToxiciUcs arc rare in cats (Rhodes, 1995), The 
incidence of gastrointestinal side effects can be reduced by 


alternate-day 



ng. In human patients. 



fever, exces¬ 
sive doses can cause hypoplastic hone marrow Its effects 
(e g., in chronic lymphocytic leukemia) are gradual m onset 
{Chdhncr et id., 1995k Therapeutic indications in the cat 
include pemphigus foliaceus and refractory cases of feline 
granuloma complex. 

Vincristine is used 1*> treat immune■ mediated thrombo¬ 
cytopenia because of its ability to cause the maturation and 
release of mature thrombocytes from the bone marrow by 
stimulation of megakaryocyte cndomUo&is. Other antican- 
cer drugs used for immunomodulatory effects include 
methotrexate, chlorambucil, and vinblastine. The monspe- 
c i tic effects of atilicancer drugs on the in hull nc system and 
other rapidly dividing cells limits their use due lo host 
toxicity (primarily bone marrow and gastrointestinal). A 

major indication lor immunnmodulotion of these drugs is 
co mb mat ton with glucocorticoids for treatment of autoim¬ 
mune diseases. Vinblastine is another vinca alkaloid that 
has been used to treat type II hypersensitivities, spec Hi cal ly 

immune-mediated hemolytic anemia ilMHAt and in do¬ 
me iliac in. Like danazol, vinblastine appears to decrease 

expression of Fc (IgG) receptors on macrophages 
(Choudhry et al., 1995; Schreiber et al., 1987). The effects 
of vinblastine (weekly during induction followed by 
monthly during maintenance) when combined with danarol 
(given at 2 to 3 up to 10 mg/kg daily) proved effective for 
treatment of 63*# of human patients with chronic idiopathic 
thrombocytopenic purpura (Choudhry et al., 1995). 


Cold Therapy 

Gold has been used for centuries as an elemental agent for 
the control of pmnlis tinsel, 1995k Gold compounds are 
characterized by gold attached to sulfuc (aurolhio group) 

iuxl include the more water-soluble compounds uurothio 

glucose ami gold sodium ihiomalatc and the lipid so!uhie 
compound auranotin, These compounds suppress or pre¬ 
vent inflammation of the joint and synovium associated 


w ith a number of infectious or chemical causes. The mech¬ 
anism of action is not clear hut may be inhibition of the 
maturation and function of mononuclear phagocytes and T 
cells. Gold is sequestered in mononuclear phagocytic cells. 

Other proposed but not generally accepted mechanisms 

include inhibition of proslag land in synthesis, collagen link 
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age, complement Clival ion, and a variety of Lysosomal and 

oihe r e nzy n ws (! nsd, 1995). 

The disposition of the gold compounds has not been 
studied in animals other than humans; these data provide 

the basis of discussion Disposition vanes with water solu¬ 
bility Water soLuble-compounds (not prepared in oil) are 

rapidly absorbed after intramuscular &l ministration. with 
peak concentrations occ urring in 2 to 6 hours Oral absorp¬ 
tion is emitk and not predictable for the waier-soluble 
compounds but is more predictable for auranofiiy the hy¬ 
drophobic compound. Distribution varies w iih the com¬ 
pound find duration of therapy The gold is bound (95% i to 
albumin in hjood hut eventually coneentfanurts in selected 

tissues (inHammed synovium) approximate 10 times that 
in plasma. ("r the w iler-soluble gold compounds* elimina¬ 
tion rate constants and half-lives also vary with dose. In 
humans * the plasma half-life is 7 days at 50 mg total dose, 
but it increases to several weeks to months with prolonged 
therapy. Concentrations can be detected in the blood for 60 
to KO days after therapy is discontinued and for up to l 
year in the urine. Concentrations probably arc detectable 
in the liver and skin several to many years after therapy is 
discontinued, Excretion is predominantly t;&0> Id 90*1) re¬ 
nal, with the remaining eliminated in the feces Fof aura- 
ftofia, plasma concentrations lend to be lower and accumu¬ 
lation is much kw (20%) than that of the water-soluble 
compounds, probably because of less tissue binding. Aura- 
nofin is eliminated principally m the feces 

Toxicity; manifested as ■'kin or mucocutaneous lesions, 
turcurs in 3 5% of human patterns Lesions include stomaii- 

its. pharyngitis, (ruche-it is. colitis, gustrilis. and vaginitis 
Gray to blue pigmentation may occur in the skin, The 
likelihood of toxicity is concentration dependent but not 
based on gold concent ration. Whereas proteinuria occurs 
in up to 50% of human patients receiving gold therapy* 

renal dysfunction (Uuc to ptoxinuil lubulur damage ntrgold- 

induced glomeruloiKphritis) occurs in 10% oi less l esions 
tend to be resolvable if therapy js discontinued before 
damage is too severe. Thrombocytopenia* thought to reflect 
increased destruction, occurs in h very small percentage of 
human patients. A number of miscellaneous side or toxic 

effects that resolve when therapy has been discontinued 
also have been reported 'Hiese include encephalitis* periph¬ 
eral neuritis, hepatitis, and pulmonary infiltrates. In general* 
although auranofm is better tolerated than tire water-soluble 
compounds, the incidence of gastrointestinal disturbances 
(diarrhea* abdominal cramping) is greater The incidence 
of side effects and their seriousness can be mini mixed by 
regular physical examination. In addition therapy should 
be initiated with a small dose that is gradually increased to 
the maintenance dose. As the done is increased. treatment 
should temporarily cease until clinical signs of moderate 

to severe toxicily resolve. The risk of restarting therapy 
should be balanced with the need for therapy. Antihista¬ 
mines or glucocorticoids might decrease the incidence. 
Dimereapml, a heavy metal chelating compound, can he 
used if severe side effects persist after therapy has been 
discontinued. 

rhe major indication for eh ry solhe mpy in human pa¬ 
tients is rheumatoid or other arthritis that has not responded 
to NSAIDs or other therapy. 'The compounds slow the 
progression but do not cure di sease. The usual human dose 


is 10 mg uf the water-soluble compound*) the first week 
followed by 25 mg the third and fourth weeks and 25 to 
50 mg weekly thereafter to a cumulative 1-g dose. Re¬ 
sponse may take several months. The standard human dtose 

for auranntin re 3 to 6 mg up to 9 mg administered divided 
two to throe limes or given once daily Small .animal doses 
are discussed with dermatologic disorders in this chapter. 

tmmun ostimufan t Drugs 

Immunostimulaim arc indicated for immunodcficicnt am 
mals. As with immune suppressants, stimulants can target 
either humoral or cell-mediated immunity The lack of 
specificity has limited widespread use. In general, response 
to i mmunostimulants is mild. 

1 muium>stimuhi nts of Microbial Origin 

Bacteria and fungal microbes generally non spec ideally 
stimulate several aspects of the immune response, Macro¬ 
phage cytotoxic T cell, f-cetl (helper), and B-cell activities 
are enhanced, whereas T-ccIl suppressor cell activity is 

decreased. Enhanced activity reflects* in pan* increased 

iKiiViiy of chemical mediators such as tumor necrosis fac¬ 
tor and interferon. The nonspecific enhancement of immune 

function can ‘be used therapeutically. Adverse effects can 
be minimized by administration of killed organisms or 

selected microbial fractions which stimulate the response 
while avoiding infection, A variety of mycobacterial prod¬ 
uct have been used to nonspccificall) stimulate the im¬ 
mune system (Ford* 1986; Werner and Zjerial, 1984). The 
classic biologic response modifiers include bacillus Cel-* 
meltc-Gucrin and Pmpionibacterium arnc.v {CorynehacTe- 
rmm pan um | 

Baalim Calmette-Guerin 

B&ciHus Calmette Guerin (BCG) is a live* attenuated 
strain of Atyvobaiif rium bovis (Diasio and LoBuglio* 
1995). Components of the bacterial cell wall of this organ 
ism activate B and primarily T cells; macrophage and 
neutrophil recruitment in response |i> lymphokittc release 
results n a granulomaious reaction. The antiviral state 
induced b> BCG appears to be essentially a nonspecitie 

expression of a more or less prolonged stimulation of the 

immune system. The most likely mechanism for BCG * 
antiviral activ ity is direct stimulation of the mononuckax 
phagocytic system; however specifically sensitized 1 lym¬ 
phocytes that further activate macrophage* are generated 
after a period of rime Stimulated macrophages release 
colony-stimulating factor, which contributes to macrophage 
regulation and ll.-l which promotes Lymphocyte prolifera¬ 
tion. The an in iral slate is thus an indirect benefit of an 
essentially pathologic, although temporary* situation: the 
host is characterized by an increased ability to handle viral 
infections Bacillus CaJmette-Ciu^riu requires at least 10 
day* after inoculation to enhance resistance against viral 
infections. Ehr >late of enhanced resistance is. however, 
long-lasting: repeated administrations ) of nonliving prod¬ 
uct) may lead to a more prolonged and marked effect 
(Werner and Zerial, 1984). 
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Bacillus Calmette-Guerin has been used as an adjuvant 
in combination with tumor vaccines for dogs and cats. 
Tumors that undergo remission after BCG therapy may do 
so due to the release of tumor-specific antigens during 
nonspecific tumor lysis, The use of BCG has been studied 
in combination with a tumor vaccine- In human patients, 
use of BCG as an adjuvant for amicanccT therapy has 
focused primarily on imravesicular administration in blad¬ 
der cancer (Diasio and LuBuglio, 1995), 


A furumyl Dipeptide 

Mummy] dipeptide is a peplidog]yean »md represents 
the smallest immunologically active component of the My- 
rohm ttTiims cell wall. Like BCG, it nonspccificalh en¬ 
hances B cell T-cell. and macrophage activities. Because 
it is rapidly eliminated from the body, it is biologically 
modi lied to prolong its actions by incorporation into lipo¬ 
somes or conjugation with glycoproteins Synthetic produc¬ 
tion has increased accessibility for clinical use. Use of tins 
product when prepared as a liposomal product is discussed 

in Chapter 20. 


ktgrtuin~V* 

An emulsion of mycobacterial cell wall fractions. Re 
gressm-V is licensed for the treatment of minted mammary 
tumors and mammary adenocarcinoma in dogs and sarcoid 
in horses The following information was supplied by the 

manufacturer. Kegressin-V contains trehalose dimycolate 
and murumyl dipecide, which induce II -1 and tumor necro¬ 
sis factor-u secretion from monocytes and macrophages 

and activate T lymphocytes in a variety t>f species. In a 

study of seven dogs with mammary adenocarcinoma, com¬ 
plete remission was induced in live, with tumor-free sur¬ 
vival times of 3 to 19 months; dogs were then lost to 
follow-up, I here are no data suggesting that Regressift-V 

bad any effect on metastatic disease. 

The manufacturer recommends treating canine mam¬ 
mary tumors once 2 to 4 weeks before surgical excision. 

Fever and malaise may occur after Injection. Surgical re¬ 
moval of the tumor creates cosmetic improvement ( necrosis 
and draining of the tumor may be present for weeks): 


however, survival time is not significantly improved wj 


surgery. 11 surgery is nof performed, therapy can he re 
pealed every I to 3 weeks for up lo four treatments. 



Propionibacteriam Acne* 

A killed suspension containing Fropionibacterium tu rn's 
(formerly CaryntbaLterium panum; Emmunorcgulin) has 
been approved for veterinary use (15 pig/kg IV biweekly 
for two to three treatments I. Like BCG, it causes complex, 
nonspecific iinnmnostiitvulaition. Macrophage and cytotoxic 

T-cell activities are enhanced* as is antibody production by 
both thymus-dependent and thymus-jndependent antigens 

Cell-mediated immunity is also stimulated, [t is indicated 
for (he treatment of clinical signs associated with virus- 

induced and barter i a-induced i n mi u nos oppression, such as 


•Pltpami feir indu*Kin in Ihis chupier by S Kruih (see diiipur 20) 


that caused bv feline leukemia virus (FeLV), The efficacy 

of /* times in the treatment of feline infectious peritonitis 
virus is questionable. One study has shown no difference 
in survival rate or mean survival time between untreated 
and treated animals experimentally infected with a high 
dose of lelme infectious peritonitis virus. Studies investi¬ 
gating the antitumor effects of Pntpitmihacterium punum 
in dogs do not support its efficacy against early neoplasia, 
although it may be more effective in advanced disease 

when used in combination with other drugs (MacEwen, 
I9H5). Cats infected with FeLV and afllicted with various 
non-neoplastic diseases showed some signs of response to 
treatment with /' pnnttm < E m munoregu I in), although no cat 
reverted to an FeLV-negative status (fund, 1986), Studies 
regarding the efficacy of /*. parvum in FeLV-induced tu¬ 
mors apparently have not been done (MacEwcn* 1985 k 


Stmpkjiocottal Protein A 

Staphylococcal protein A iSpA) is a cell wall polypep¬ 
tide of SmphyUfcfKTUs aun’ttx Cowan 1 (SAC) that binds 
rapidly and with great affinity to immune complexes. Other 

regions of the molecule initiate T-lymphocyte and B-lym¬ 
phocyte proliferation as well as secretion of soluble 

lymphocytic products such as interferon Circulating im¬ 
mune complexes have been incriminated as "blocking fac¬ 
tory" that aid in a tumor \ escape from immunologic con¬ 
trol. Therapeutic trials of the efficacy of SpA have been 
based on the hypothesis that remov al of specific or nonspe¬ 
cific immunosuppressive molecules such as blocking fac¬ 
tors will enhance host immune response to the tumor. Other 

regions of the SpA molecule initiate T-lymphocyte and R- 
lymphncytc proliferation and secretion of soluble lympho¬ 
cyte products such as interferon. Treatment with SpA is 
achieved by extracorporeal perfusion of host plasma over 
whole SAC organisms or through tillers containing purified 
SpA. Studies have shown that SpA or SAC treatment 
reduces tumor size, decreases levels of circulating immune 
complexes, and induces the appearance of cytotoxic anti¬ 
bodies directed toward neoplastic cells. A study utili/mg 
SpA to treat FeLV-infected cats found that 50‘S of cals 
with FeLV-associaled disease improved, and 33% of cals 
nlfhcted with malignant disease responded with reductions 
in tumor si/e us well us in bone marrow and peripheral 
blood neoplastic cells i MacEw en. 1985 ; Fo«L 1986: Engel- 
man cl aL* 1985, 1987). Viremia was cleared in 2891 of 

treated eats, Circulation of a gamma-1 ike interferon was 

demonstrated in some cats that responded to Sp A and was 
followed hy the appearance and rising liter of complement- 

dependent cytotoxic antibody, flhc antibody reacted with 

FtLV-infected cells and was specific for the major viral 
envelope glycoprotein gp70. The ability of cats to persis¬ 
tently remain FeLV negative appeared to correlate with the 

magnitude of FeLV antibody tiler (MacEwen, 19K5k 

Mixed Bacterial V«ct t«< s 

Mixed bacterial vaccines composed of Strrptoioccux 
pyojiemrs and Serratia nuuveseens have been studied in 
cats with malignant mammary tumors. Although not statis¬ 
tically significant, survival time was greater (N75 days) 
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when surgery was combined with mixed bacterial vaccines 
versus surgery ahine <450 days) 

ItlftHlunwtifiiuliiikls <if Natural Origin 
Cytokines 

A number of cytokines produced by leukocytes afud 
related cells ..actively regulate the immune system. Recom¬ 
binant DNA technology i.^se Chapters 21 and 22) has led 
to widespread pmduction and greater application of their 
use iii the treatment of immunologieslly based disease The 
cytokines most likely to be used ror immunoMimulatory 
effects include the interferons and! selected interleukins. 

Passi ve immHrurthtrapy: A ntlbodies 

Passive iinmurtufiterapy with monoclonal or polyclonal 
antibodies has been investigated foi both the diagnosis and 

therapy of cancers. Antibodies arc directed toward surface 
a mi geos expressed by tumor cells. Specificiiy of antibodies 
(as long as immunoglobulins tire 1 derived from the species 
intended to be treated I should limit hosi toxicity to those 
cells expressing the antigen (i.c h tumor cells), thus 
avoiding systemic toxic effects The antibodies themselves 

may be directly toxic to the cell or induce eompJemeni- 

depemlent cytotoxicity In addition, antibodies can be con¬ 
jugated to drugs, toxins, or radioisotopes toxic to tumor 
cells, thus limiting Hie specificity of a variety of pharma- 
Lcutiuls for tumor cells. 

Immunoglobulins available in plasma obtained from; do- 
rnirs generally contain detect able antibodies against bacte¬ 
rial, fungal, and viral paihogcm (Pmsio and LoBugim, 
1995 i, Passive transfer of resistance do the immunodeticienl 
patient van he accomplished with intramuscular or intrave¬ 
nous administration. In humui patients, the half-life of 
transferred i mmunogfohuli ns is approximately 3 weeks (Di 
iisit and LoBuglkx 1995). Indications for human patients 
have included congenital or acquired states of immunode 

beiency, selected hematologic disorders such as autoim¬ 
mune hemolytic anemia, infectious viral diseases, and se¬ 
lected neoplastic diseases including chronic lymphocytic 

leukemia and multiple myeloma. Potential adverse reac¬ 
tions include anaphylaxis ..irtd transfer of infectious organ¬ 
isms (Diusio and LoBuglio, 1995 l 

Studies invesiigat.ng the efficacy of passive immuno¬ 
therapy on feline lymphosarcoma have thus far been lim¬ 
ited to the war of polyclonal FtL\ -neutralising antibodies, 

feline oncornavirus-associated cell membrane antigen 
(FOCMA) antibodies. or both incuts afflicted with lympho¬ 
sarcoma and leukemia in one study, live of seven cuts 

treated with both anti I iodic- and six of eight cal', treated 
with FOCMA antibodies alone underwent partial or com¬ 
plete repress ion of their disease (MacEwcn, ] 9H5 ), Addi¬ 
tional studies by Cotter ant! eoworkers (I9S0) suggest that 
polyclonal ami-FOCMA therapy combined with previously 
established chemotherapeutic regimens may improve re¬ 
mission time. 

Monoclonal antibodies have been used to treat canine 
lymphosarcoma tsee Chapter 18). 

Human intravenous immunoglobulin ihIVICi has been 

studied in dogs using in vitro (lymphocytes and monocytes) 


and in v not spontaneous immune-mediated diseases) meth¬ 
od-.. Prepared from plasma of healthy donors, it contains 

polyspecific IgC and is intended lu treat primary immuno¬ 
deficiencies. In vitro studies (Reagan et aL 1998) have 
shown hIVIG to bind to canine lymphocytes and mono¬ 
cytes and to inhibit through F mediated binding monocyte 
phagocytosis, including that of antibody coated red blood 
cells. Ii is administered its an IV mfusion (0.5 to 15 g/kg) 
over 6 to 12 hours, .and animals must be closely monitored 
ror signs of anaphylaxis or other adverse reactions (e.g„ 
thromboembolism). Clinical evidence of efficacy exists for 
treatment of i mmunc - mediated hemolytic anemia (Scoit- 
Monereif et al,, 1997a hj. with treated dogs developing an 

increased hemoglobin and hematocrit up to 4 weeks after 
therapy. However, 50% of treated animals developed 
thrombocytopenia and 5 of 7 dogs that died had evidence 
nt thromboembolism. Only 3 of 10 dogs were alive at 

12 months, suggesting that long-term survival was not 

improved 


Selective destruction of maligitani lymphocytes occurs 
in several species in response to infusion of blood or blood 

components. 

Antileukemic Activity Antileukemic activity (ALA I of 
humoral factors in serum, heparinized plasma, mid whole 
blood has been documented in several species (Machwen, 
1985), Evidence suggests that ALA of blood constituents 
may be present in high concentrations in cryoprccipitates 
prepared from heparinized plasma. Physicochemical con¬ 
stituents of the cryoprecipiiaic 'that might be the source 
of ALA. include cold-insoluble globulin, libronectin, cell 
surface protein, large external transformation sensitive prtv 
if ii, and opsonic factor (Mac! wen. 1985). A study in 32 
cats revealed that of 24 treated with either normal cat 
serum or whole blood (20 mlJkg). 14 had a complete, 
antileukemic response and 8 had a partial response, Of 10 
treated with cryopnccipitate, 2 completely responded, and 
6 had a partial response (Hayes et *U I9ft0). 

Fiferotiectin Fibroneelin injections have resulted in the 

regression of leukemic nodes in mice, suggesting that Ii 
brori.eetin may be 'the source of ALA, Fibronectm, a glyco¬ 
protein dimer, is a major protein of 'both blood and tissues: 
its most important function appears to be tissue remodeling 
during embryogetiesis and wound healing- Ami tumor acti v- 
ity may result from immunoinoduLation and modification 
of metastasis. Enhancement of opsonization increases the 
phagocytic ability of macrophages awl monocytes, thus 

enhancing iheii tumoricRial aciiv ity, MocEwcn (1985) stud¬ 
ied the efficacy ol hbronectin (0,5 to 2,0 mg/kg, IV, once 
daily) in 18 cats afflicted with lymphosarcoma. A 50% 
response rate was reported; one FcLV-positive cat con¬ 
vened to a negative status after treatment (Mactwen. 
1985). A single case of mycosis fungoides in a cat re¬ 
sponded to a combination of IV and inlralesional fihronec- 
loi, Iniralcsiona) injections caused local epithelial necrosis, 
which reduced the tumor Load by 75% and may have 
prevented systemic involvement (Caciolo et *1.. 1983), 


Miscellaneous Btooal Components 



[mmuni«msndij|*lnr‘- nr Biotope Resportn 1 MruJiti'tfp. 


■ 


Tumor Veil Vaccine* 

Tumor cell* arc though! lo stimulate an immune re¬ 
sponse. This view is supported by the recognition that 

some tumors spontaneously regress; tumors are infiltrated 

with eclK of the immune system, and the risk of cancer 

increases in tlw patient that is immunosuppressed. The 
antigenic potential of tumor cells is also the basis for the 
use of rumor celt vaccines. Tumor cell vaccines are most 
effective in the presence of residual disease and when 
combined with nonspecific immunomodulators. leglum and 

coworkers have treated cats afflicted w ith mammary adeno¬ 
carcinoma using a eombination of an autogenous tumor 

vaccine and BCG (see Mac E wen. I9S5), Although not 
significantly different, the mean survival time for each 
treatment group was least for those treated with surgery. 
BCG. and tumor cell vaccine compared wiih animals 
treated with either surgery alone or surgery with BCG. 
Additional studies with tumor cell vaccines are necessary 
before their efficacy can he established. 

Hormonal Agents 

Hormonal agents may offer a unique avenue of immuTlo- 

Riodukitiun in viral diseases (Ford, 1986; Rosenthal 1982). 

Hormones investigated for their immunomodulatory effects 

include prostaglandins and thymic proteins, Prostaglandins 

arc local hormones that modulate boih T and B lympho¬ 
cytes Prostaglandins, however, particularly POE . are also 
immurKtswpprevsanis. and their rote in immunopateiuiaticm 
is Limited. Thymosins are a group of endogenous substrates 
released from the thymus that stimulate the release of 

several pituitary neuropeptides,, Thymic hormones induce 

maturation of Teell precursors, promote differentiation and 
proliferation of mature T cells, and (hus restore rather than 
potentiate the immune system. Several synthetic thymic 
peptides have been synthesized by either chemical means 
or genetic engineering techniques. The primary clinical 
application of these proteins is restoration of the immune 
system in the intmunoincompeicni (including virally in¬ 
duced) patient. 

Atemantmn* 

Acemannan {Ace man nan ImmurostimulanO is a long- 
cham polydispersed .-linked man nan-based poly saccha¬ 
ride derived from the Aioe wra fbarbniims\s \fitter} plant 

It stimulates the release of IL-L 1L-6. TNF-a, IFN-y. and 

nitric oxide from macrophages, leading to tumor apoptosis 
and necrosis (Marshall et al, 1995; Raniamoorthy el al., 
1996i. Other actions include enhancement of macrophage 

phagocytosis and cytotoxicity and interference with gluco- 
sidase t activity (leading to the production of sibnontuil 
glycoproteins by neoplastic cells, w hich appears to be asso¬ 
ciated with lumor cell death I. Direct antiviral activity is 

associated with modified gl>cosylation of both vitm-in- 
fcctcd cells and glycoprotein coats of viruses, leading to 
inhibition of virus infectivity and replication. 

Acemannan is licensed for the treatment of fibrosarcoma 
in dogs and cats, tutratumoral injection induces tumor 


•Ptspaivri for ins I om nil irt itiw chapter by S. Kruih (wv Chapter 2®|. 


M 

encapsulation and necrosis, facilitating surgical excision. 
The recommended dosage is 2 mg intratumorally and l 
mg/kg intra peritoneal I y weekly for 6 weeks. No adverse 
effects of acemannan have been reported ill the recom¬ 
mended dosage, In one report, eight dogs amJ five cats 

wiih tibrosarcomas were treated with acemannan. surgical 
excision, and radiation therapy, Seven animals remained 
tumor-free at 440 to ftOJ days, with a median survival time 
of .172 days (King ei al,, 1995), In an earlier clinical report, 
a variety of other carcinomas and sarcomas were also 
reported to respond (Harris et al., 1991). It is not known 
what effect acemannan has on feline vaccine associated 
sarcomas. 

Acemannan has been used to treat eats with FeLV and 
feline immu no virus infections. Clinically affected cals 
treated with acemannan had improved quality of life and 
longer survival limes than historical controls. Interestingly, 
oral administration of accmaiman appeared to have the 
same efficacy as did parenteral administration similar to 
cals treated w ith low-dose oral recombinant human IF’N-nt. 



Synthetic I mm u mist i mu Ian ts- 

[jvamiwU 

Lcvamisole, a phem li mid azothi azide anthelmintic. has 

been ihc subject of intense and controversial research as a 
biologic response modifier cE-ord, I9K6; Wemer and 
6984i, It is difficult to summarize the experimental and 

clinical data regarding the immimonuidukifing capabilities 
of levamisolc. Lcvumisole has been regarded by some as a 

chemical agent capable of mimicking hormonal regulation 
of the immune sysiem It appears to stimulate recruitment 
and functions of macrophages and T cells, but only within 
a nunow range of doses and duration of administration in 
either the normal or immunoincompetent patient. Levami- 

sole appears to alter cyclic nucleotide phosphodiesterases, 

decreasing cyclic guanofeine monophosphate tcGMPl deg¬ 
radation and increasing cyclic adenosine monophosphate 
degradation. Elevated cGMP in lymphocytes enhances prc- 
life rat ion and secretory responses. Chemotaxis, phagocyto¬ 
sis. lymphokmc synthesis, and the ratio of helper to sup¬ 
pressor T cells are increased. Lev ami sole does not appear 
to have any effect in immunocompetent animats. The mod¬ 
ulatory effects of levarrttMile range from enhancement lo 
inhibition with much strain, sex, age, and antigen variabil¬ 
ity T-etll stimulation may be mediated by a soluble serum 
factor. Experimental studies generally have not supported 
the benefits of lcvamisole as have clinical studies Levami- 
sole 2 to 15 mg/kg was frequently tested prophy I act teal I y 

in experimental trials, however, as opposed to therapeuti¬ 
cal ly (i.e,. m infected patients) in clinical trials, suggesting 
that potential benefits of leva mi stile result from restoration 
of immumKompetence after virally induced immunosup¬ 
pression, Indications for lev ami sole in human medicine 
include Hodgkin's disease and! rheumatoid arthritis, and as 
an adjuvant chemotherapy of colorectal cancer (Diaxio and 
LoBuglio, 1995), The use of tevamisole for treatment of 

cancer in animals is not supported. In two studies involving 
more than i3(1 cats with malignant mammary tumors, leva- 
misole (5 mg/kg orally on 3 alternate days per week) 
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dill not increase survival time or decrease recurrence rale 
t Mac E wen £t <iL. 1984).. LtrvamLvok 1 causes adverse rtm 
110 ns typical of excessive cholinergic stimulation, 

f umUHim 

Hi si amine everts immunormxiulalory effects, including 

suppression of cytotoxic T lymphocytes, dou regulation 

of cytokines, ami activation of suppressor T lymphocytes 
(Hahni tt aL* 1996), Cimetidinc i s a histamine fHj) receptor 
antagonist that experimentally enhances a variety of immu^ 
no logic functions. Suppressor T lymphocytes possess H 
receptors, which, when blocked, result in potentiation of 

cell-mediated immunity, Although more studies are indi¬ 
cated, Clmetkline may be useful in a variety of conditions 

associated with i m mum -suppression. Because m selectively 

inhibits suppressor function, however, d me Udine also may 
prove deleterious to patients with autoimmune disorders 
‘Tlie unticancer cffeels of \ imciidinc have been studied 
in selected human cancers. The H : receptor blockers have 
been studied for their effects on gastric cancer cells. Cimet ■ 
idine but not famotidine exhibits antiproliferalive effects 
on gastric cancer cells Ranidiline showed some inhibitory 
effects (Hahni cl al., 19%). Cimetidinc also appears to 
inhibit the growth of colorectal carcinoma (Adams and 
Morris, 1997); lymphocyte infiltration increase % in the can¬ 
cers and is associated w ith an improved survival in patients 

receiving the drug. 


I a led T lymphocyte proliferation and augmentation of anti¬ 
body production and delayed typc hypersensitivity. The 
suggested mechanism of inununopoicniiaLion by isoniplex 
begins with penetration of lymphocytes and suppression of 
viral ENA synthesis. It appears to support lymphocyte 

function by promoting K\A synthesis and translational 
ability. Fun her investigations regarding the use of isontpltx 
in viral infection should be anticipated because its efficacy 
results from an ideal combination of antiviral activity and 

LimnunopoLenliation. 

Promodulim 

Promoduhn js an experimental immunonUKiulating 
agent dial has been subjected to clinical therapeutic trials 
for the treatment of cats concurrently infected with FeLV 

and feline infectious peritonitis (Ford, 1986) Cats were 
treated with 50 mg/kg up to 200 mg maximum dose IV 
once daily for 5 consecutive days Although promodulin 
induced rapid remission of clinical signs kssoeiated with 
feline infectious peritonitis, (e g.. anorexia, fever, and sero¬ 
sal efiusionsh it did not appear to be effective in the 
treatment of concurrent FeLV infections. Cats that re¬ 
sponded did so within 2 weeks of the final injection; the 
duration of clinical remission appeared lo vary between l 
and 3 months. Clinical signs after exacerbation of disease 
did not respond to a second treatment regimen. Promodulin 
also was not effective in treating FeLV-induced solid tu¬ 
mors . 


Miscellaneous ImmuitosliiiiulanlN 

A variety of compounds are capable of inducing IFN; 

however the immunmodutoling effects of the inducers are 
variable. For example, dem hi e- s t ra nd ed IFN-inducing 
polyribonucleotides (poly 1:0 cause immunostimutation, 
whereas tilnrone, a simple synthetic IFN inducer enhances 
antibody production while depressing cell-mediated im¬ 
mune responses. Many other drugs we iu ilie experimental 

piloses of drug development. The following addresses sonic 

of those drugs that may or mas not ultimately become 
approved. 


, \ BPP r H ropirimi nr I 

ABPP 12-amino-5-bromt)-6-ph«nyl-4[*H)-pyrimidi- 
nonek approved for use in humans, is a potent inducer of 
BIS in several species, Hamilton el aL (1982) characterised 

the kinetics of ABPP and induced IFN in several species. 
They found that serum levels of IFN after treatment corre¬ 
lated well with serum concentrations of ABPP in the cat, 

ABPP was lethal in three of eight Cats however at doses 
required to achieve minimal delectable levels of IFN- The 

authors postulated that the toxicity resulled from conver¬ 
sion of ABPP to phenolic dcrivitives that (he cal excretes 
inefficiently. 

Immptex 

Isoniplex is an antiviral drug f see (Tiapicr 12) that ma\ 
also be used as an immunopotemiator in viral diseases 
(Ford* 1986; Werner and Zerial* 1984), Jsomplex enhances 

immune responses, including promotion of mitogen-siimu- 


TREATMENT OF SPECIFIC IMMUNE ME0IAT 





See also discussion of each syndrome in the appropriate 
chapter. 




Anaphylaxis and Anaphylactoid Reactions 

Clinical signs, of systemic anaphylaxis include nausea, 
vomiting, diarrhea, pale mucous membranes, coolness to 
peripheral extremities, tachycardia, and tachypnea. Local¬ 
ized "anaphylaxis ' results in clinical signs referable to the 
site of localized mast cell degramilation. Examples include 
angioneurotic edema resulting =n swelling of lips, eyelids, 
and oonjuctiva and urticarial tesinru (or hives). Treatment 
\s oriented toward preventing further mast cell dcgrartula- 
tkm blocking the interaction between histamine for other 

mediator) and tissue receptors* and antagonizing the physi¬ 
ologic response to mediators. Drugs that antagonize physio¬ 
logic response also tend u> (unbar decrease mast cell de- 
granulation- The goals of therapy for systemic anaphylaxis 
include cardiovascular and ventilatory support Epinephrine 
is indicated lo antagonize brmchucuntfriction and provide 
cardiovascular support. Glucocorticoid* (prednisolone so- 
dturn succinate t faci I itale adrenergic receptor responses and 
decrease further mast cell mediator release. Histamine I 
(H,1 receptor antagonists (eg., diphenhydramine) are of 
benefit only in preventing interaction of histamine and its 

receptors, not in preventing further mast cell degranulatioti, 
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Therapy is much more effective if administered in anticipa¬ 
tion of mast cell 6c granuIation (Thompson, 1995), 


Allergic Respiratory Diseases 

Allergic rhinitis is caused by inhaled allergens The syn¬ 
drome is unusual in dogs and cals and is commonly associ¬ 
ated with atopy Treatment may include glucocorticoids or 
H,-receptor antagonists or a combination of the two, 
Allergic bronchitis and pncumoniiis arc more common 
in dogs than cats. Chronic antigen stimulation causes aceu- 

mu I at ion of thick, tenacious mucus in the airways. Eosino¬ 
philic infiltration and resulting bronchiolitis and alveolitis 
can markedly contribute to the release of inflammatory 
mediators. Therapy is facilitated by administration of drugs 

that facilitate liijuifaction and removal of secretions. Addi¬ 
tional therapy includes glucocorticoids and bronehodibiors. 

Bronchial asthma occurs in cals and is discussed in 
Chapter 31. 


A lopy 

Atopy (allergic inhalant dermatitis, atopic dermatitis, and 
so forth) is an inherited syndrome associated with IgE 
production against environmental antigens. Antigens com¬ 
plex. with Igb associated with mast cells in the skin, caus¬ 
ing must cell degranulation and the histopaihology charac¬ 
teristic of this syndrome. Critical to understanding atopy vs 
the recognition that each dog has a "threshold" response 
ai which pnirilis develops. Ideally, atopy is managed b\ 
recognition and removal of the antigen or hyposensitiza¬ 
tion. Medical therapy is less desirable because of limited 
success. Atopy is discussed more in depth in Chapter 33, 


Type It Hypersensitivities Antigen- 
Antibody Dependent Cytotoxicity 

Immune-Mcdiatcd Hemolytic Anemia 

Immune-mediated hemolytic anemia (IMHA) occurs as a 
result of increased red Mood cell destruction mediated by 

the presence of an antibody on the membrane Mirtace. The 

antigen to which the antibody binds is either of the red 

blood cell membrane or an exogenous antigen (e g . drug or 
microbe) that has adhered to the surface. Immunoglobulins 

associated with IMHA in dogs generally are IgG or. less 
commonly, both IgG and IgM. In cats. IgM lends to be 
more common, w ith IgG alone causing JMHA in approxi¬ 
mately 25 c r of cases. Complement activation is more likely 
with IgM -mediated IMHA. Antibody adherence and com¬ 
plement activation that are insufficient to cause erythrocyte 
lysis will resull in damage and subsequent erythrophago 
cytosis of the deformed red blood cell le.g.. , spheroeyie.|. 
Intravascular hemolysis occurs when complement activa¬ 
tion is extensive, leading to erythrocyte lysis. Released 

hemoglobin binds to serum haptoglobin, preventing glo¬ 
merular tiliraiion, If haptoglobin becomes saturated, how¬ 
ever. free hemoglobin can be filtered. Renal toxicity can 

accompany intravascular IMHA due to anbgen-antibod) 
deposition or reaction in the basement membrane; free 
hemoglobin may also contribute to nephrotoxicity. Direct 


red blood cell agglutination, or intravascular hemolysis in¬ 
creases the risk of thromboembolic disease. 

Medical treatment of IMHA focuses on reducing phago¬ 
cytosis ot damaged or antibody-coated erythrocytes by 
reducing or blocking receptors on phagocytic cells, reduc¬ 
ing or preventing the formation of more antibodies, and 
supportive therapy of complications associated wiih IMHA. 
Any likely inciting (exogenous) antigen (cdrug, mi¬ 
crobe) should he removed. Immunosuppressive therapy 
with glucocorticoids is the cornerstone of therapy. Dexa- 
meihasone (0.1 to 0.2 mg/kg IV i every 12 hours is adminis¬ 
tered initially, followed by oral prednisolone (I mg/kg 
every 12 hours) as the annual responds, Anemia and re¬ 
duced oxygen delivery to the gastrointestinal tract rimy 
predispose (he patient to gastrointestinal induced ulcer¬ 
ation; preventative measures (e g.* IT-receptor antagonists) 
should be considered. Dana/ol (5 to 10 mg/kg orally every 

12 hours) may block be receptors on phagocytic cells, 

reducing red blood cell destruction t Holloway et aL 199(1), 

Glucocorticoids will reduce macrophage phagocytosis ansi 
indirectly formation of anldWies; danazol also may be 
useful for blocking Fc receptors on phagocytic cells. Fur¬ 
ther reduction of red blood cell destruction may require 
administration of cyclophosphamide. Cyclophosphamide 

will also, however, increase ihe risk of thrombocytopenia 
and neutropenia (Gorman. 1995). Cyclophosphamide can 
be given as a single JV bolus (100 to 250 mg/m 1 ) in 

patients suffering from i [Ura vascular lysis or direct auloag- 
g lull nation (Ward, 199ft i, This regimen also is particularly 
useful for patients that require a blood transfusion. Oral 
administration (50 mg/m" every 48 hours) is indicated in 
dogs that do noi respond to glucocorticoid or danazol 
therapy Efficacy of cyclophosphamide may not be realized 
until antibodies decline due to normal catabolism (gener¬ 
ally 1 to 2 weeks) (Gorman, 1995). 

Human gammaglobulin 10.5 to 1.5 g/kg IV over 6 to 12 

hours) may prove useful for dogs that fail to respond to 
therapy (Scott-Monerieff ct al,„ 1997a, bk Cost may, how¬ 
ever. be prohibitive and use may be Limited by development 
of thrombocytopenia or thrombosis (see previous discus¬ 
sion). Cyclosporine may he of benefit in controlling the 

sequelae of IMHA that reflect nssue (and ihus T-cell medi¬ 
ated! diimage (Gorman. !995i, BhxhJ transfusions should 
be avoided in patients with IMHA. Dogs with IMHA are 
predisposed to destruction of transfused red hkiod cells. 
Blood substitutes (oxyhemoglobin) may offer a viable al¬ 
ternative to prolonging or avoiding the need for blood 
transfusion. Although splenectomy should be considered as 
a surgical adjunct to medical management, removal of the 

spleen may also result in removal of an important site of 
ex tr amedu 11 ary hei riatopoies is. 


I mm urn- - Vied ia t vd T h mm fw * > 1 1 »pen i a 

luumuie-mediated thrombocytopenia is a syndrome that 
occurs more commonly m dogs than cats and in males 
than females It can nceur in concert with other immune- 

mediated disorders, including IMHA (Gorman, 1995i. 
Thrombocyte numbers cun decline due lo destruction ti e,, 

antibody /complement-mediated phagocytosis) or. less com¬ 
monly. decreased formation of mature thrombocytes diue to 
antibixly/complemeiu-mediated destruction of megakuryo- 
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cylcs (Gorman. 199S). As with IMHA. antibods tan be 
directed to in endogenous or exogenous antigen adhered 
to me platelet or megakaryocyte* I tie primary clinical 
signs—which include and reflect inappropriate bleed¬ 
ing—-general 1) do noi os cur until thrombocyte numbers 
have dropped below 30,(XKVpL Bleeding is more likely 
with a rapid sis opposed to a gradual decline. 

Medical treatment bouses on prevention of bleeding, 
decreased destruction of thrombocytes, and restoration of 
thrombocyte numbers. Any likely inciting texogenous) an¬ 
tigen (c.g.* drug, microbe) should be removed. Glucoccutn 
voids (either dexamethosimc or prednisolone) arc the tirst 
choice of therapy (see earlier discussion of IMHA) and* in 
general, cause tKrtim»cyle counts to normalize within l 
week. Danuzol also can be administered to reduce phagocy¬ 
tosis (Holloway cl al, 1990; Bloom et ah* 1989 k Yineris- 
tine (0 75 mg/nr IV) cm be administered if platelet num¬ 
bers fail to increase to sufficient numbers. Once platelet 
numbers increase, vincristine should be discontinued and 

glucocorticoids continued for several more weeks (Gor¬ 
man, 1995). Vincristine may Ik given after incubation with 
platelet-rich plasma in cases refractory to glucocorticoids, 

danazol, and vincristine. Presumably incubation allows vin¬ 
cristine to bind to platelets. Subsequent phagocytosis de¬ 
stroys the phagocytic cell, causing an overall reduction in 
platelet destruction tHdfand et aL I9H4). If successful the 
treatment may need u> be repeated as new macrophage are 

generated. PlaLcIcl-rich plasma also eon be administered in 
an attempt to restore platelet numbers to non-life threaten 
ing concentration (>50,0(XVp.Ll. The likelihood of im¬ 
mune - med i ated thrombocytopenia relapse also may be re¬ 
duced after infusion of platelet-rich plasma (Gorman, 
1995), I lie use of vinblastine might be considered in re¬ 
lapsing patients Gee discussion of cyiotoxk dr«s><A based 
on effectiveness in human patients Splenectomy is a surgi¬ 
cal alternative or adjunct therapy that should be considered 
in refractory cases. Because of the risk of relapse* patients 
should be monitored periodically. Surgical neutering, par¬ 
ticularly in females, may bn indicated once platelet num¬ 
bers have normalized. 


Jirinniru-Medialcd Ni-utropoiU 

As with other i m mime - medi ated hematnpoi el ic diseases, 
glucocorticoids an: indicated for- neutropenia. IVeatment 
can continue as described for IMHA. 

The use of recombinant bone morrow growth factors 
fsec Chapters 20 and 11) to increase bone marrow produc 
lion of defident cells is probably not wise unless the factor 
is derived from the species to be treated. Even in those 
■.ituiiturn- studies should confirm a lack of immune-tttedi- 
aied read ions when used in patients affected with an im¬ 
mune - mediated disorder. 


Dermatologic Disorders 

A number of immune-mediated kkin dilates reflect a type 

JJ hypersensitivity. Included are pemphigus (folioceus. ery¬ 
thematosus* vulgaris* vegetans)* bullous pemphigoid, and 
tkrrmatomyosilis. 


Pemphigus Disord*n atut BttUotts Pimptu^ki 

Pemphigus disorders reflect the reaction of auloantthod- 
ies directed toward antigens located in the intercellular 
spaces between epidermal cells. The definitive antigen is 
not known but apparently is Located in or neat the cyto¬ 
plasmic membrane (Gorman, 1995k fhc various types may 
reflect variants* crossovers, or altered presentations of Ac 
different forms ot the disease. In all variants, antibody 
deposition causes the loss of adhesion between epidermal 

cells, leading to acanthosis. Complement activation results 
iti local mast cell degranulatkm and am infiltration of in¬ 
flammatory cells. Clinical signs vary within and among the 
variants and include viscufobuLlous eruptions, cutaneous 
ulcerations, exfoliative lesions* and verrucous proliferations 
of the skin (Gorman, 1995). Bullous pemphigoid results 
from the generation of antibodies toward the lamina lurida 

of the basement membrane zone. As wilh pemphigus* com¬ 
plement activation may worsen the inflammatory response. 
Clinical signs include vesiculnbuious Lesions at mucocuta¬ 
neous jurictkms, in the ora) cavity* on footpads* and on the 
skin of Ac trunk* groin* axillae* ami abdomen { Gorman, 

1995 ). 

Glucocorticoids can be expected to be effective in 4iiM 

of canine cases (Gorman* 1995) of pemphigus. The initial 
dose should be high (2 to 3 mg/kg orally every 12 hours 

for 10 to 14 days); the dose can gradually be reduced over 
4 weeks (targeting l mg/kg orally every 48 hours) if 

an adequate response has occurred, Failure to respond or 
inability to decrease the dose of gl ucocnrtkrokh m an 
indication for the addition of a second immunosuppressive 

drug. Generally uzathioprine (2 mg/kg orally every 24 
hours) has been the first choice lo combine with predniso¬ 
lone (1 mg/kg orally every 12 hours). Response within 10 
to 14 days will allow alternating the drags each day at 
the same dose Continued remission will allow a gradual 

reduction in the doses ot both drug s to l mg/kg nralh every 

ntlier day. alternating the drugs daily {Gorman. 1995), 
Cyclophosphamide (50 tng/m : orally every 24 hours) can 
he combined with prednisolone t l mg/kg orally every 12 
hours) for 4 consecutive days each week for 2 to 3 weeks* 
H remission occurs* doses are gradually reduced to I mg/ 

kg orally alternating drugs daily. Chlorambucil (■0.1 mg/kg 

orally every 48 hours) can be used in lieu of cyclophospha¬ 
mide, leukopenia and thrombocytopenia are potential side 
effects of this drug. 

The third alternative for immunosuppressive chemother¬ 
apy is use of aurothioglucosc initially in combination with 
prednisolone (I to 2 mg/kg orally every 12 to 48 hours) 
Chrysotherapy should he initiated only after administration 
nf an intramuscular test dnse (1 mg for animals less than 

10 kg: 5 mg for animals 10 kg oi larger) twice, J week 
apart. Toxicity will be manifested m dermatitis* stomatitis* 
neplirotic syndrome, blood dyscrosios. eosinophilia* throm¬ 
bocytopenia* and manitestation* of allergic reactions. Ther¬ 
apy can be continued m 1 mg/kg weekly intramuscularly 
until remission: however, continued therapy should be 
hosed on an acceptable complete Wood count At that time, 
the interval is decreased to alternate weeks and finally 
monthly. Prednisolone therapy might be gradually phased 

out. 

Pemphigus foliaceus in cats can be treated with chlor- 
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ambucil us \hc first choice (Rhodes* 1995}* Daily therapy 
{01 to 0*2 ing/kg/day) should he continued until lesions 
have markedly reduced, which may lake 4 to 8 weeks. 

Alternate-day therapy should be implemented whm ap¬ 
proximately 75% improvement occurs and continued for 
several weeks, Complete blood counts should he monitored 
every 2 weeks of chlorambucil therapy (Rhodes* 1995). 


Dtrmaiomyositis 

Dermatom vt>s i lis might be c Jussi lied as art inilammutory 
muscle syndrome. Unlike polymyositis which appears to 
involve a cell-mediated, antigen-specific response derma' 
tomyosius appears to reflect an abnormality of the humoral 
response* resulting in vasculitis, In human patients, treat¬ 
ment with low-dose methotrexate has proved beneficial 
(Langford et ah. 1998a, b). Dermatomyositis in \ cterinan 

medicine is an inherited idiopathic inflammatory syndrome 
a fleeting col be*, Shetland sheepdogs* and their crosses 
Skin lesions include cryihma, scaling, and crusting, particu¬ 
larly around the eyes, tips of the cars and tail, digits, and 
carpal and tarsal regions. Pentoxifylline, a methyl xanthine 

derivative, has been recommended (Rees and Boothe, 

19991 based on potential efficacy in people (Asanuma ci 
aL, 1997), Studies of the drug in dogs suggest a higher 
dose than that for humans and a twice to throe times daily 
dosing interval should be u-vd. Clinically, response may 

lake several weeks. The drug appears to he well tolerated 
by dogs, Clinical Inals in collies with dermatom yositis are 
currently under way. 


Ftlitie Eosinophilic Gfanufoma Complex 

Eosinophilic granulomas may respond to glucocorti¬ 
coids Direct lesiona) injection of methyl prednisolone ace¬ 
tate sf mg/kg, minimum of 20 mg) every 2 weeks is the 
preferred method of administration. High oral doses or 
prednisolone may be an effective alternative (ftiwcnkraniz, 
199 Ik R e spon \e to c hi ora mb u c 1 1 h a s been i e por t e d 
(Rhodes, 1995) w ithin 6 week^ of therapy {0,1 to 0.2 mg/kg 
per -day}. Response to therapy should lx- followed by a 12- 
week period during which the dose of chlorambucil is 

decreased until discontinued. Megestrol acetate B an unde 
sirable alternative unless ihe patient has proved refractory 
to other modalities, including chlorambucil Urine should 
be monitored for gluei*se m order to detect die deve lopment 
of diabetes me Hit us. Levumisolc {2.2 mg/kg orally every 
48 hours) lias been reported to cau.se some t hut incomplete) 
remission in some discs (Rosenkrantz, 1991; Mesxinger, 
1995). Additionally, accurate dosing is difficult because of 
the large tablet size <184 mg), f’ats often react adversely, 
with transient anorexia, vomiting, and hypersalivation be¬ 
ing the most common side effects. Bone marrow suppres¬ 
sion can be marled and is characterized by a long recov¬ 
ery period. 



Hypersensitivities: immune 



Systemic Lupus krylhenutiKUs 

The deposition of circulating autnaiuibodics or autoanu- 
body-antigen complexes in the endothelium particularly 


that of the glomerulus, appear* to initiate complement- 
mediated inflammation, the inflammatory site is infiltrated 

by immune cells, In the glomerulus, response includes 
proliferation of capillary cef*. thickening of the basement 

membrane, and warring Other vascular beds affected in¬ 
clude the skin, serous membranes, synovial tissues, and 
cutaneous and visceral blood vessels (Langford el at . 

1998a, b). Soluble immune complexes are more problem- 
atic than large immune complexes, which precipitate and 
arc rapidly phagucytizcd, Soluble complexes are able to 
penetrate deep into vascular endothelial channels, activate 

complement, and stimulate an inflammatory response la 

hu mans, intravenous cyclophosphamide has been estab¬ 
lished us die treatment of choice for lupus induced nephri¬ 
tis. Bolus cyclophosphamide has also, however... proved 

effective for lupus affecting other body systems, including 
■the central nervous system* lungs, and arteries. Azathio- 
print and weekly methotrexate arc effective for treating 

human lupus that does not involve major organs, such 
as rashes, xemsilis, and arthritis, or in combination with 
glucocorticoids to reduce the glucocorticoid dose. 

Cyclosporine apparently has not been studied for treatment 
of systemic lupus erythematosus, although clinical response 

has been reported (Langford et aL 1998a, bk 

Because systemic lupus erythematosus can be poly sys¬ 
temic in its presentation, die sequelae or immune complex 
deposition associated with systemic lupus erythematosus 

can affect a number ot body systems, resulting in the need 
for medical management of secondary disease Examples 
include hut are mu limited to glomerulonephritis, arthritis, 
and vasculitis. Hie reader is referred to the chapters that 
address these specific bod) systems for information on 
management of the sequelae of inflammatory disease. 
Treatment for the immune-mediated aspect of the disease 
is the same as for pemphigus skin disorders. 


Cutaneous Discoid Lupus Ery thematosiis 

Considered a mild form of v. stcmic lupus cry the matfrtus, 
cutaneous discoid lupus erythematosus is not accompanied 

by systemic involve mem, The most common form presents 
as a nasal dermatitis; skin surrounding the eyes, pinnae, 

lip, and feel may also be involved Trearmenl includes 
immunosuppressive doses of glucocorticoids a* described 

for other immune-mediated diseases, although a lower ini¬ 
tial dose may be effective if rng/kg orally twice daily). 
Vitamin I *400 IU orally 2 hours before or .alter a meal 
every 12 hours; acetate or succinate) may be effective as 
the sole agent; however, a 30- to bO-day lag time to efficacy 

mandates that initial therapy include glucocorticoids Topi¬ 
cal glucocorticoid* may tv eftectivc in mild cases Mill 
imizing exposure to ilte sun* including using topical sun¬ 
screen* or other ultraviolet light also will be helpful, 
particularly in animals with depig mentation. Niacin or tet¬ 
racycline 15 lo 12 mg/kg orally every 8 hours > was report¬ 
edly effective m 7ri r t of casts in one study. 


Rheumatoid Arthritis and Other ArthrlUdts 

The rheumatoid facto* is an antibody that reacts with JgG 
that has bound to ami gen and subsequently undergone .i 
conformation change. The reason tic selectivity in joints is 



368 * \ Thrnpnitici Approach 


WH understood. In humans, drugs used to meat rheumatoid 
arthritis include gold compounds or penicillamine and cyto¬ 
toxic drugs, including azathioprinc. eye lophosphajifide. and 
methotrexate. Since the late 1980s, k>u -dose weekly metho¬ 
trexate has become the preferred medication | Langford et 
aJ., 1998). Methotrexate has proved more rapid in onset. 
Because it is safer than traditional cytotoxic drugs, treat¬ 
ment generally can progress for a longer period of time 
Because functional disabilities and progress of the disease 
occur rapidly in the first year* of disease in humans, cyto¬ 
toxic dings are begun early. Drug combinations have been 
advocated because of the possibility of synergistic effects. 
Examples include methotrexate with sulfasalazine, 
cyclosporine, or biologit agents. Treatment in animals has 

mu been as well investigated and focuses on control of 

inriatnm&tiuh with glucocorticoids and, if necessary, aspi¬ 
rin. ‘Tit*’ use of glucocorticoids is supported b\ the rapid 
clinical improvement and decrease in IL-ri activity docu¬ 
mented in d ’gs with juvenile polyarthritis syndrome ■ Wo- 
genesch et <d.„ 19951. The use of oilier immunosuppressive 
drugs in animals. (azathioprine, cyclophosphamide) has 
been reserved for severe cases. Based on findings in hu¬ 
mans, however, a more aggressive approach may be war 
ranted. Disease-modifying agents (e.g., glucosamine ami 
chortdroitin sulfates) should be used to support cartilage re¬ 
pair. 

Feline chronic progressive polyarthritis is associated 
with feline leukemia virus and feline syncytia-forming 
virus and most commonly presents as osteopenia and peri¬ 
osteal bone proliferation around affected joints. Less com¬ 
monly, joints are characterized by subchondral marginal 
erosions, similar to those of rheumatoid arthritis Rheuma¬ 
toid factor cannot be identified, however. Treatment in¬ 
cludes immunosuppressive doses of corticosteroids (I to 3 
mg/kg orally every 12 hours). Nonresponders may require 
treatment with chlorambucil, cyclophosphamide, or aza- 
thioprine- As previously suggested, disease-modifying 
agents may prove beneficial. 


l n H am n lalory My op® I hies 

In humans, polymyositis appears to reflect cell-mediated, 

antigen-specific cytotoxicity, with azathtoprinc being the 
only cytotoxic drug to be of benefit in controlled studies. 
Low-dose methotrexate or azathtoprinc w ith high-dose glu¬ 
cocorticoid therapy has become the standard therapy. Com- 
binations of methotrexate and either cyclophosphamide or 
cyclosporine may be effective and are being studied 1 Lang¬ 
ford et al . 1998a. h). 

I nflammatorv Bawd Disease 

•w 

The use of immune-modifying therapy for human patients 
with inflammatory bowel disease (IBD) became popular 

only in the 1990s (Sandbom. 1995. 199b, Langford et aL 
1:998*, b) Controlled clinical trials in humans hive focused 
on azathioprine, 6-me reap to purine, cyclosporine, and 

methotrexate, Azathioprine or (vmercaptopurtnc has bean 

effective for treatment of Crohn's disease, although efficacy 
depends on duration of therapy: M least 13 and more often 
17 weeks of therapy is required before the drugs reach 
their full effects. 

Intravenous administration of axodunprinc may decrease 
the time to response, Cyclosporine has been studied at tow 
closes (<l mg/kg per day) or high daws (>5 mg/kg per 
day) to minimize the risk of nephrotoxicity (less of a 
concern in veterinary patients) but has proved of little 
benefit in Crohn’s disease. Ii has been more effective for 
treatment of ulcerative coins at high doses *8 to 10 mg/kg 

per day), although only a few patients have been studied. 

Cyclosporine concentration!* in responding patients were 
above 250 ng/mL. Methotrexate appears to he useful for 
both induction o| remission and steroid sparing in patients 
with both Crohn's disease and ulcerative colitis. Combina¬ 
tions of drugs also have been studied.. Azathioprine and 6 

mereaptopurine should not be used in combination w ith 
methotrexate because of the increased nsk of toxicity. 
Cyclosporine and methotrexate have been used in human 
patients with !BD with ®me success. 


Type IW Hyperse nsitivlties: The Belayed 
Response 


Allergic Contact Dermatitis 


Allergic contact dermatitis is the most common type IV 
hypersensitivity recognized in small animals, being respon¬ 
sible Ft up to KFF of dermatologic cases (Gorman, 1995) 

The syndrome is initiated when the ->kin comes in contact 

with the inciting antigen or chemical. Actual chemicals 
that cau.se contort dermatitis are .not’ known, bus it is likely 

that the chemical acts as a hapten dial subsequently cova¬ 
lently bonds eci a protein. "He location of the protein is not 
deaf but h probably associated with the class II molecule 
of an A PC, which in the Skin is the LungerhaiiS" cell 
Sensitization generally requires 4 to If) days; subsequent 
exposure to the chemical results in a marked T-ccll- 
mediated response i Gorman. 1995). Treat men! is best im¬ 
plemented b> removal of the inciting antigen and short¬ 
term (7-day) administration of prednisolone (0.5 to 1 rug/ 
kg every O to 24 hours). 


REFERENCES 


Adams WJ. Mnmi DL Pika stwdy —ciukIhIhe enhances lymphocyte 

infiltration of tnunan cokrtcid carciaonw: re*¥fai of a vomJI r&adofa 


i™d cdadiiI Inal. Cancer. (W: SO: 15- 21, 

X^uivil BB Puri RK: Common anti uocwnmuci feature* of cytokine* 
md cuutm;' R eteptarr: m overview. Ja Aggamal BB. fen RK 
fed*). Human Cylobtek Then Role in CM wave and. Therapy, p 3. 
Cambridge. Ulaclcwct! Science. 1^95. 

Ahmixh V r Yanuda IL Ma»tMk T, etal: Successful (rcauncBi of inters*- 
lul pncimmu with lipFCCI and peril jjiyiline to a patioli with 
demusorriyosifii, Ryu true hi 1997: 37: 719-72*, 

Barr) T, Mwctiloe R. Nolit l: C yd o sport a h m aptwmic amentia in dop-. 
ftrsi ohuIii. Bed Munch Tietartfl WbdieOKhr 1997; HO: W-*7- 

Blracn JC, Meuturr LD, Thum PA, Selim TS: Ik dl dinar 0 1 for 
ireannent of com resistant immune-mediated ibfrattboeyio- 

peal a in a dog. J Am Vm Med Assoc 1989: 194: 76-7*. 

Cdiriulu FL, Hiyfs AA, Patnaik AK, et il: A hk of nycotit fungndn 
it} a cm and literature review. J Am Arum Husf Aiwc SWA: 19: 505- 
512, 


Carr D. fe-gen TI, Wetter RJ; Tile rCkvwKt of opiokb Cfftotf 
mepton on iimwnixnTOpcicncc -j*nJ immune httoeostisii. Proc Soc 


tip Biol Med IW*: 2H: 2-HU257. 

Carrasco L: The reftlintion of euhiiuI vira«r. In Shu^r D (ed>: Viral 
Chemotherapy, vqI l.pp 111-148. New York. tVignmon Pies*. 1984. 




[mimiDomodublnr^ nr Biok'jui' Response Modilifn 


rhjt>ric ' Mi Akp CJ, Oin 0,l ci at tommt «mu. in 

IiwUmwi JO, LiliiJ.htd LL OoiKltlliUI Mill UillMll A l'hl’ 
cn logical liavitt i>f TUrrijVuliC), ^ cd. pp 033-1237 Nn« York. 

McGnw-KitL my 

ChreKlJiry VP, Ka-shyap R. VhLssai s. ftm HP Vinblastine and daruzol 

therapy ui sienwd resistant ctii IJhe*M chronic idiopathic thrombi «eyli> 

(Kftic purpura. IkH J Item*™! 1995; M: l$M*2 r 
Cnflci SM. M. UcLadc MK ci at: Chemotherapy and p«*ive 

imniiurHitltcr.jp> m tuiurally iavujti n ji fcliiw: media-shul Jymphoria 
In Hud) WD. Essev M, Vd’MIand AJ ffida): Feline Leukemia Virus. 
W 219 - 223 . HaUs*d. EJsevwr Nof* Holland. 1980 . 

Pljmo Rif. LoHuehu A}- ImmuretniuduljLijrs: immummippreiieLve u^crvls 
Lind munufloMintulanl s In Hjidmjn JG. Ijmlnnl |£ led\)- Goodman 

and Gilman's The numicologjcal Bums of Thenipctttk *, 9th t*L pp 
1291-130*. New York. MeGraw Hill, 1 995 
LnednuD KW, Good RA. Day NK. CleMHltiC of fttfOvircm14 ulW rc^ri> 

siofi of malignancy in rat* with leukemia- lymphHunu during trriUmciii 

widi M^phykvoccil protein A Career Peica Pm s ent 19(7; 10: 435- 

444, 


Lflftdjmn RW. 'Inane L(J. GiwkI RA ClihKopiUho logic rtspinsev in cals, 
with feline Irukeiiiu virus-aBociMlBd leukcim a • I y mpl*. im j tm-uted! with 
vuiphyktcoccal protein A. Am J Pathol 191*5; 118: 367-378, 

Ford KB H i titutgicul resp»n-e modi hen* in the muagenflU of viral 
infnhan, Vet Oin North Am Small Animal Prtc 1986; 16 (191- 


Friman 5. Bitcknian L A new mkaucudsoii ft in™ la Emm of cyclosporin’ 
ptUT7u*vAi*wic and di nival Icatums Clin Ffeonracokmet |<Wh, ML 

181-193. 

Gome/ DV, Waehet VJ r 'torn kmuYich SI, ei al I he etfecti of ketocLHia 
uAe on the ml.eMLn.il metabolism and NotVailabilily of cyclospori ne. 
Clin Ph unit wot ?lKtupCUt»C> 1995; 5H: 15—19. 

Gktnnan ft: Immunology In liltinker SI. Fcktm&n EC todv). Textbook of 
Veterinary Iruemsl Model ne. 4 th od. pp 1978-2002 Philadelphia. 
WB Sjundcru 1995. 

Gregory t‘k L Sirw art A Siurpn H, et al; I-efluftcmiKle tffecuvdy Ettai* 

naturally occurtiflg utnmtlk-nfc-dluted iind miljiOFiulor- J:vrJvf> of 

tiogs that run: unrosponMvc m eonveniiimaj tbenpy. Transpluiit Ppue 

IWfc 30! 4143-4148. 

ttahm Kli Park IS. Kim HC. er al: Compairivon of untiprol 1 1 eralive effecls 
of l'hmiimine-2 retepl^r ama^onivtv, eunelidme, raoilidine. .md fa- 
moUdine, in ^ukUk cancer cells. Int J Imnwiniphurnutol 1996. ]8 


HmiiJloc RO, Wyula MA, Fjiszpatiick FA, ct al Comparison between 

circubunp intL-Tknnn and drtl^ Icvtls Ini low inp administrutnxi of 2 - 
umitK>. 5 -br^riH>6-pliciiv Mt 3H ) -pyriiiiKitiac rABPPi to Jilfciem um- 

mal specict, J Inurfcmn Rrs 39*2; 2: 317-327. 

Hafriv ( , Pierce K. King C, d d. Fftjeacy of ueefBUnnan ill treulmcnl of 

canine and feline spontanea his neoplasms, Mot Biotlicr 1991; J.- 207, 
Hayes AA. Macbwtn EG. Milm RE. et al: Amiteukenue uctivity of 
plasma eryoprtvipi t«e therapy m ihe t at In Hardy WD. Ewes M 

Met Id Lund AJ Icdht. feline lu^ukeniu \'iruv. pp Mfi— 25 I Hid Lund. 

FJscvier Konh Holland. 1980 

Heltand S h lam NC Paul M ViricrtMinr^-loaded pktdet (herapy Ire 
HUbpathic thromhoevtopenij in a dog. I Am Vet Med Ahmx: 1984: 
185; 224 

Hihorv DJ An intiuduiciitio to cyiokinc recepiora In Nkola NA fed i 
Guidt^hook lo Cytokines and Their Recepnits. p H Oxford, biplantl. 

Oxford IMfvenity Press. 1994. 

Hogenew h It, Snyder FW, S«Ht-Moucrieff Jt .d al; ImeHifukin-f! activity 

m dogs with jtocmk pot} arteritis ijtirtffr effect of cortiecivienjids. 
Clm Immunol JmimmujuaUhnl |995: 77; 107. 

Hotloway SA, Meyer Dl, Mannella C. PrednisokHie and daju/ol htt 

irc^inieril ol ninmuw-iiKdjiled yuiemla, Lhn.HnKwyt'i’penLit, and ulrl- 

fechve crythnitd rcgencriuion in a (Soig;. J Am Vet Med Aysoc |99ti 
197; I045-] D48, 

Inset p. Afuffcuc-antiisjmk and aftiufiflJnimuioty agtoti and drags 
errph>>cd m die trcwmcnl of goui. In Haidinrin Ki, 1 jinhird I.H fedci: 
Gi‘■.vjrriun and Gilnun's Tbe Phannacokigicid Bams of Thcrupculivi. 
9lfc ei. PP 644-647, New V«k. Met imw-Hill. 1995, 

Jacobsen KL. RwkwwNl GA, Interferon* L, llieir oripn arid jetnm*. 3 
Vel I mem Metl 1988; 2: 47-54 

Kulun Bf>; Optimisation of cydosporiH tliempy. TfjinKplam !Tvw I9V1. 

25; 5^9. 


Keogh A. Sprjirtl R McCosker C. et al. keuxona/olc to reduce the need 
for cydospoiinc after cardiac- tramplamiMion N Eogl J Med 199?: 


333 628-633. 


Kina fill. V*» Hu. 


Hrcrnln Ml. Cl *1 T 1 -|«’ cffctl nf fcCiriimn^n 


irrmijimdiniillanl in eocnh] Hal um with surgery and radi.-UhiH therafry 
on sporljneouc canine and feline lihnvcaroymiiv. j Am Arum Hnvp 


Aiuk IW5: II 439. 


Langford CA. Klipfd JH. Uuiow JE el al Use of cyicno'iic agfdh 
and cyclosporine m (he treatment of auloimimine disease Pan I: 
rheumumlogu. and renal Jive-ax:*. Ann Intern Mod I998u: 121 1021- 
1028, 


l-jj-igliifd CA t Klippe] Jli, Rjkiw Jlu ct al. L'w of eylOtoXIC ajtifflis, 

ind cydospfinne ia ilw treat me nt of autoiminiiK disease fm 11: 

Inftimni-iILiry bowel disease, svsurmc vasculitis and ihcrapcuik tosit- 
ity Ann Intom Med 1998b. 129: 49-58 
Latdgmati JJ. Shapin> AMI. I^key JKT, el al; Phamutuxlytumic a*w:ss- 
ment of qiSLOphcnohc juid-udikcd Lmjuunosuppression by niensuic 

menl of inoone mcm*ipla™ph«tc dehydfogeruae wlivity in a caronc 

model. TransplafiUitiofi 1996:61: 87-92. 

Lown KS. Mayo RR. l^k-htmati AH. et al; Role <if inteftiial P-g^yeopm- 

Icqi ImJilj in inicipwticUl vjruliulli ill die oral btiuUililbiliL} ot 

cyclosporine. Clift flaingnl User \W?: 62; 248-2S0. 

Much wen KG: Approaches to cancer therapy using tuolcigical Ttvponve 
Tmaliflcrs. Wl Clin Ntmh Am Small Anim Ft»ct 1985; 15. 06^-688, 
MacEwen EG, Hays A.\. Moores S, ef al: FvaJu^ksn of effect of 
k'camisok on feline mammary cjimct, short coinimimcuCHm, J Rk)l 
Respir Modrf 19flt4; £ 541-54* 

Marshall CD, Gibhone AS. Parnell 3.S Human cytokines induLLnl by 
acemaftrum ) Allergy Clio Immunol 1993; 91: 295. 

Mathew* KA„ Ayres SA. Two CA. et al: Cycknpsrift treaurem of 

perianal hviulan in dogs. Can Vei J 1997; 3B. 39-11, 

MdUhcws KA, Sukhumi HR; Randomized control led tnal ol cyebcpiripc 
for ircaimcnt «f perianal Nulrs in dogs. J Am Vei Med Awe 1997; 

21); 1249-1253. 

Me Lachlan AJ, Tell SE: Effect of indiih inhibitors nn cydoapow 

pharma okiretic s using a po pull an on approach Ther fbug Monitor 

1998. 20: 390-395 

Mellon RD, Bayer HM Evidcin-e ftw central npimd receptor* in the 
immuiKiciKiduialory c flee is ot murphire. review of potemtuf niechj. 
rnsms of action. J Neuroimmunnl 1998; S3: 19-28, 

Mdssnger LM: Therapy for lelms dcmwluses Vei Cbn North Am Small 

Aium Pract 1995; 25: 981-1005 

Myre SA, Schnedei TJ, (.irund \ R, 8 al. Critical ketoujnamle ilosagc 
range for eyefo^ponne clearance inhihiUon in the dog. Pharmacology 

I99L43; 23J-41, 

Nicola NA: An intiuducuon to die cytokines. In Nicola NA leal): Guide 

book to Cytsskincv and Their kccqilnfs, p I Osfofd. En^litod, Orliin.1 

Liu seisits Prcii. 1994. 

RjiItkI PA. C’n77l P. IxB AR; CyckuporiB A inhibits airway reactivity 

and remadeUng after chronic antigen dialknge m tins Am J fcspr 
Cm Care Med 19%; 154; 1812-1818. 

Pirvch JD, NoLlifsgct HW Mycophere^liiLe mofdil: cbiucaJ .md espemren- 
ul eapenence. Ther Drug Munit 19%; 357-361. 

Plat/ KP. Soltinger HW, Hulkft PA. et «J: JLS-61443—a few, ptneirt 
inimuihisuppressive agenl. TnursplMKaTion 1991; 31: 27-31- 

PnifiKni V, (JurTiilt J: Effect i>t' topically applied cyclosporin A on 
nrukhiJonic acid (AA)- and tetrudecanoylphorbol ucrttle rTPAl- 
imluct-sl dermal rnfamnution m mouse ear Inrlanumtu m 1997; 21 

357-369. 


Rjhm Measuretrent tU immune lunctioo tn PM re*ejnrb relevance 


Of numure measures to health and disease, Proc PN1 Workshop. 
May 199®. 

Kjiiijuioorthy L. Kemp ML. Ti/ard Ik Acemiimiui. j beta-l 1.4pace- 
ivlalnl manniHS, induces mine -ot ide pmdiKlRm in in;fniphi|gc pell- 

hoe Raw -264,7. M«l Hwvnnf 1996: S»: 87*. 

Reagan Vv J, SciHl-MisIcneff JC, L'hnvtian J, cl a] Effecti of human 

intnvenou* ianninflobidia on eiminc n k> re< vies and lymphocytes 
Am J Vd Res I99S; 59: 1568-1574. 

Rees C. Boothe DM Disposition of pentouf) Hire and iu melaboliles in 

doge fotlowin^ L«.ll iiml rntrasenous aditunistrafinn Am I A rl Res 

(in press}. 

Rhrek-e KH febnc immunnrondubtors In Itonagwra J l> led I' KirkN 

Current Vdciuiary Theupy Small Atumul Puclkx tXIIi, pp 581-584. 
Philadelphia. WB Sflundcrs, 1995. 

RiKcnkiaiit/ wy; Lovineiptaihe gtanukmu eotifuaaow In Augibt JR ted): 
f L cjnsuhabnns in Feline Internal MfJionc. pp 121-124 Philadelphia, 
WB Saunders. IW1. 

Rnsemhul RC Hnrmones in caneeir ihcraps Vet Clm North Am Small 
Anim Prart 1982. 12! 61-77. 



\ Thrt ipculio Appnamrh 



Saafttom U i CvuliRLporiiM therapy ior ui Auimulory bowel dJ.veauw 
definitive answer is and remaining qucnitHK CiasironilcfritDg} 

m 1001-1003. 

SdnJt^m WJt -V review nf immune mudibcr therapy tor tTiflammalory 

hpw«l divcase aifittiiofinne. 6-rncrcapicipiiriiie, cy cl twpenoe. rnd 

i• .■ •:l ■■•!■ *.i'. Am | < i.-. i -. ii ■!■■■; 1996; 91; 423-4*3 
Sctueibcr AlX Clurti F, Tctmuvk] A. Cme> 1>H: kJlert of danariH in 
immune tivumbot)Utptnic purpura \ Ln|l I Med 1987; 3l6: 503 
_SOH 

Scnii Moncrirfl JL\ Keipn WJ Human iktivci ■ :• LiiumuwfUfailui 
therapy. Scmm Vcs Med fetig IW7h; |2: ITfMtLS. 

Scr-4: lloncrkfl. Reagan, WJ. Gfeirrui LT, el id. Treatment of Dunrcgcn- 
fUivr ihelru With human ^uhtila glubcllu? irl ikifu J Am Vrl Med 

aw im 3» im i9oo 

Scnfl Mnnciiclf K.\ Reagan WJ, Snyder W, ef al; Ifltnvcnoaii admini*. 
i of I'M.v ii' immune globulin in d^v * th immuJto-fiKdUii\l 
l»n»ilylie «umii. 1 Am Vet Med l9U7a IO 1621-3627. 
Smolcn JS, Kaldm J R Seoti DU « *1:liflicacy and y fely of leflimMuliit 
compared wtih plaecho and sulpjfia&alarirac in .i. five rheumatoid iinh.r: 

lit: J double- Wind. tuMtarniHd. moJitccncrc trial Europe an LcHwku*- 
idc Study Lined I WO: 353: J59-2&& 

Sljdtihuuef BA. Casiilelh PA. Edtl>t£i.n M et id; Dwmtol IrtaimetU of 
mVe .-ii-. -;4 -t* if \ niirume ^ Hr J H i. I ..iii- 1991; 77: W2-508. 

Tetan T Hisaruga E. S^jlL V. et al Active nevmiuti uf drugs from lhe 
uikijl .m<vlina[ epithelium in nu& by P* glycoprotein functioning as an 
absorption burner. J Phicm Pharmacol IW6: *8 ID&3 1GS9. 

Tbepkn GH. Hills L> (TimponjIIiVe atpLvd til {UKcr ntimunoOicr^ry: 

imniurH logical medKids used for Treatment of Apmunemiv cancer m 
vumik I Am Yet Med A«« I SI; 1134 1137 


Tbotnp*o*i JP: Immunologic dueuH. In Eltang-er SJ, Feldman EC jdii: 
TeKthook of Veterinary Jmcnud Medicine. 4 * cd. pp 2002-2029 
Philadelphia. Wfl Saunder*. 1 W. 

Itcaid II; Inicrfcronv In Mycrv MJ, Murtiugh MR feds>: Cytokines in 
Animal Health and Dt&era. p I New York. Marvel Defcker. 1995 
Vaden SL: Cyclosporine. In Borufura ID (edi Kirk's Cumcni Veterinary 
Therapy Small Animal Practice iXII k, pp 73-77 Philadelphia. WB 
Saunders. 1995. 

V,«Vn SL; Cyrtapwinc and lacitliinis. Semin V?r Med Surg Small 
Arum 199?; 12; 161-166 


van tkifiit? SI: Review article; cbemokirw production by intestinal 
cpithduJ cells.: a therapeutic target m inflamndny bowel disease? 
Alimentary Phanuacof Therapeutics 1997: I l(5upp4 3j 116 IM-ills* 
cushion. 120-1II 


Ward II Immune mediated hemal*-poetic diseases. Oncology and Heirw- 
Idhigy. 20th Annual WaJduun'OSU Symposium far the Treatment of 
Small Animal Disease*. 19%. pp 99-104. 

Werner GH iTcnal A ImniuAnfiineiiiiaiing nib«mcr with wnhvimt ncti v 
ity. In Shugar D fedl; Viral Cbnmchcrapy. vol 1. pp 511 -5!W. New 
York. Pnganwfi hrst, 1984. 

Wil l, mt DL: A sMmp*ratr\e approach to topical qchnpomc therapy 
Eye 1997- UiPt 4l: 453-464 

Wilwn J: Andmgnis. In Hwr.Lnwu K*. Ijmhnd I.E leds)' Gnndmm ond 

Gilitian'i The Pharmacnlog Lit Basis- tif Thefafticoci, 9dl ed, p 1452. 
Hew York, McCraw-HilL IW5. 


WolveLamp MC\ Beiientan t, Marquet M.L, el al: Scfmnlal Intestinal 
lr. niplinwiua can he an adequate therapy for short bowel symlrnme 
rn piwiRi dop- I Pcdiali Serf. IW5; 30 1.. 



Stephen A. Kruth 


u 


e Ip LOGIC RESPONSE 'MODIFIERS AND 
CYTOKINES 

wmmm 

Interfere! ftoiogy 
l slfiitrefti a l inifip..,tic Aprils 
feiirva InfKtkwa Peritonitis 
feilrnfr LeuVentd Virus and Faline 
Immunodeficiency Virus 
Low Dm > Orel Fleeamlwiint Human 

IntsrlflnHi-ti 

n turf:-ran* as Therapy fa Co iw*r 


INTERLEUKINS 

Interleukin (inu^ 

Enimplai sf Intflrliuiir Therapy m Dogt end 
Cats 

fnw leuk iivl 
I nu rfeu tin -1 
Chiw ImaritufciTii 

HEMATOPOIETIC GROWTH FACTORS 
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UPOSOMAL PRODUCTS 

EXAMPLES OF BIOLOGIC RESPONSE 
MODIFIERS LICENSED FOR USE IN DOGS 
AND CATS 

SUMMARY 



Natural t?f synthetic preparations given with the intent or 
altering the response of the host to a pathogen, neoplasm, 
m inflaromuiory process have been termed bwlvgii re* 
,$ponse mudijierx. The goal of therapy may be to increase 
the cffcetivoW'Ji of the immune response directed toward 
a pathogen or neoplasm to stimulate the proliferation of 
hematopoietic progenitor tells leg., in the treat meni of 

chemotherapy-associated neutropenias or to decrease a 
chronic inflammatory response ic.g., chronic inflammatory 
bowel disease! Biologic response modifiers are not usually 

specific in an immunologic sense; rather, they alter physio¬ 
logic systems through changes in regulatory pathways. 

They range from bacterial cell wall extracts to molecular K 

dotted cytokines. As mediators of physiologic processes, 
interferons ami mierleukms are candidate* for therapeutic 
manipulation or ever. to he given as drugs. Several recom¬ 
binant human cytokines are commercially nvr.nlable in 
pharmacologic quantities and are available for veterinary 
use (Table 20-11. Recombinant technology and its umpof- 

lance m veterinary medicine arc addressed more in depth 

elsewhere (see Chapter 21). Many other human, bovine, 

porcine, ovine, and some canine and feline (Table 20—2J 
cytokines have been characterised and used in clinical 
research. Some generali/atit kis about cytokine biology fol¬ 
low See the reviews by Aggarwal and Puri (lWk Nicola 
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and differentiation, apoptosis, inflammation, immunity, and 
repair They arc of fundamental importance in the paibo- 
genesis acid treatment of disease. They transmit information 
to target cells regarding the physiologic status of the ani¬ 
mal. resulting in a biologic response in ihe target tissue. 
More Hian SO distinct human cytokines and their receptors 

have been described. Cytokine nomenclature can he bewil¬ 
dering, with several historical names attached lo the same 
molecule te.g., stem < W/ factor c-kit and mast fell 

growth fm ior are all ihe same cytokine). A World Health 

Organization nomenclature system helps to clarify cytokine 

naming, anti Internet resources such as the Cytokine Eix- 

plorci (hftp ://kbot .mig. m issoun. edu;44 3/cytokines/exptor- 

erhtmil are useful for finding synonyms .inti olher informa- 

turn about cytokines of veterinary interest. 

( ylnkincs can he categorized tnlo families based on 

homology in primary amino acid sequence, thrcc-dimen- 
siimal structure, induction mechanisms, chromaanal loca¬ 
tion, similarities in receptor type, and functional homology. 
Families that are currently clinically relevant in companion 
animal medicine include interferons (IPNs: having antiviral 

and immunoregulatory functions), interleukins (iLs; havmg 
;l w de variety of functions), and hematopoietic growth fac- 

tors. 

Most cytokines are not constitutive!y produced but are 

secreted aftei aclivation of cells by viral, bacterial, and 
parasitic infections. The cellular sources of most cytokines 
are diverse, with production occurring in many types of 

cells. Production is normally short lived, usually for hours 
to a few days. Normally, they have autocrine and paracrine 
frather than endocrine) effects, with little to no detectable 

circulating levels. Because of high cylokine-rcccptor affin¬ 
ity, cytokines are effective in ihe pieogram lo nanogram 
per mL range. 

t vtokines typically have pleimrnpie and redundant ac- 

3? I 
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lions. The same activity may (x induced by several struc¬ 
tural ly distinct cytokines acting at unrelated cell suffice 
receptors, i or example. II.-1, tumor necrosis factor-a 

{TNF-ut* and IL-b are all incdialors of the acute inflain- 
malory response; induce lever and the synthesis of acute- 

pliase proteins in the liver; increase vascular permeability; 
and induce adhesion molecules, fibroblast proliferation, 
platelet production, ILAiand IL-K, ami T* and B-celI aciica¬ 
tion Gene deletion experiments reveal that few individual 
cytokines are absolutely essential to life or even to individ¬ 
ual cell function. Also, the cellular response of most cyto¬ 
kines is modulated by tflher cytokines* with synergistic. 

additive, and antagonist;e interactions described, Cytokines 

form a complex feedback network by either inducing or 

suppressing the expression of other cytokines, forming 

cascades similar to the blood coagulation cascades. 

Structurally, most cytokines consist of a single glycosyl¬ 
ated polypeptide chain, They interact with cells, by binding 

to specific high affinity cell surface receptors. The intracel¬ 
lular signal transduction cascade initiated by binding of a 

■ 
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cytokine to its receptor eventually results m the production 
of DMA binding proteins that influence transcription of 

various genes. In addition to cell surface receptors* soluble 

receptors have been described for many cytokines. Soluble 
receptors may be involved in cytokine transport or inhibit 
c ytokinc act i vity. 

A number of proteins that inhibit the activity of cyto¬ 
kines have been reported. The best characterized is the II 
] receptor antagonist (IL-I Hal, which binds to receptor 
bur fails to activate the cell, IL-I Ra is currently being 
im estimated ax a therapy for rheumatoid arthntis in humans 
and may have a rule in the treatment of other inAammatory 
disorders if appropriate delivery' systems can be developed, 

A second way in which a cytokine can be inhibited k by 
binding of soluble cytokine receptors that are able to bind 

the cytokine und neutralise its activity, as discussed earlier. 

Recombinant DN A technology has been used to produce 
cytokines, some of which are commercially available. The 
recombinant process involves cloning the cDNA encoding 
the protein of imenest and placing it into on exprexsion 
system (bacterial, yeavt, insect, mummaliau cell culture) 
under conditions such that lai^e amounts of the protein are 

produced. By convention, these products are designated by 

an 'V* preceding (he name of the cytokine and a cksrenrt- 
fion ol the species of origin (c g., rhIL indicates recombi- 

nant interleukin of human origin, and rfe-IFN indicates a 

recombinant (nlerferoii: of feline origin). Most cytokines 

are conserved in the evolutionary sense, and biologic ef¬ 
fects occur w|>en human recombinam products are adniiru& 
tfTcd to companion animals. 

It is tempting to administer cytokines in pharmacologic 
doses: however, several points need to he considered. Per 
hap- most importantly, systemic levels of a given cyiokine 
will perturb many cytokine cascades, with resultant side 

effects .and toxicity. Dosing may bs- critical; for example, 
low '.feisc.v of iFN appear to be immunostimulating, wte'Cias 

higher doves are immunosuppressive, and the specific type 
of IFN influences these effects. Currently, recommended 

cytokine doses are empirically derived. With the exceptions 
of rfeIFN-a (in cals) and rhIL-l I in dogs), the pharmacoki¬ 
netics of cytokines in dogs and cats have not been invest*- 

I a ted. 

The safety and efficacy of cytokines as biologic re¬ 
sponse modifiers may be improved if they can be delivered 
directly in target cells. Delivery systems, such as lip© 

Somes, have been reported in itte veterinary literature. with 
encouraging results Ip some cases, the cDNA for the 
cytokine of interest can be delivered {using a variety of 

methods) directly to (he tissue of concern (usually a neo 

plasm), and controlled expression of the gene may confer 
clinical benefits. Both agonistic and unLugonislic peptides 

have been sw>ugfet for various cytokines in attempts to 
achieve systemic oral administration or to suppress harmful 
effects. Biologically active peptide analogues of human IL- 
I. IL h . TMha. and IFN-y have been rept^ted. 

INTERFERO NS 

Int&rlmoti Biology 

Jnterfcrofts are cytokines secreted by vims infected cells 

mid were originally characterized by their nonspecific anu- 

CoDvriahted rn 
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viral activity, Interferons bind to receptors on other cells 
and induct antiviral proteins, protecting those tells from 
in lection. It is now known that IFNs induce a wide range 

of plriotropic effects, including antiviral, antitumor anti 

paras:tic, and immunomodulatory effects. 


Two distinct classes oj IFNs have been described, ( lass 
1 interferons are subdivided into aJphiu omega, and beta 
interferons (a subclass of omega interferons, the lau inter¬ 
feron s, has been described in ruminant embryos and is 
important in maintaining pregnancy). Class II interferons 

are composed of a single protein, iFN-y. IFN-a and IFN' 
m were originally described as being secreted by leal-* 
cyte*. but they ate likely produced hy all nucleated cells. 

Hu mads have al least 24 different alpha and omega genes, 
dogs have lwo alpha genes and no omega genes, and the 
genetic complement of eats has not been reported. Feline 
IFN-u cDNA has been cloned and the cytokine produced 
in a silkworm- recombinant bucuknirus ay Mem, and its 

pharmacokinetic properties have been studied (Nakamura 
cr aL 1992; Sakunii cl aJ, I9‘>2: Uedu et ai., I993ja*b). 
The pharmacokinetic data suggest that rfclFN has similar 

pharmacokinetic properties to human interferons and that 

it is distributed primarily u> the liver and kidney s, is rapidly 

cutttboji/jcd mainly in the kidneys, and is excreted in the 


urine without residual accumulation in the body Inierferon- 

[J is classically described as being produced by fibroblasLs; 
however, many other cell*s can be stimulated u> secrete the 
cytokine, Humans and dogs have one 1.1 N-|3 gene. Synthe¬ 
sis of IFN-o and IFN 3 can be induced by live or inacti¬ 
vated viruses, bacterial cell walls* synthetic oligmiucleo- 

tidcs. IF-1, II.-2, and TNF-u IFN-u and JFN-p compete 

for similar receptors, lFN-y is produced by activated T and 
natural killer INK I cells and is structurally and functionally 


distinct from 11 N-.i/p. All mammals investigated have 
only one IFN -7 gene. IFN^ hinds to a receptor distinct 
from Lht* 0/3 receptor Canioe IFN-y has been character¬ 
ised, the cDNA aiul chromosomal .gene have been cloned, 
and production and characterization of recombinant canine 
from Escherichia coh has been described {Devos el al . 
1992: Fuller er aL 1992; tucker d aL 1993: Atkins and 
Micr, 1993; Civ/i et al,, 1995). Feline Jl N -7 cDN A has 
also been cloned (Argy le et aL 1995: Schijii* et al . 1995aI. 

After receptor hiiulmg. interferons induce the iranscrip 
(toil of a act of genes called ff'N siitnuUtttti fISCs I 
Nearly 30different ISOs have been identified. Induction of 


INC is by IFN-a/p is rapid and IransienL I listing for 3 to 4 
hours, IFN -7 requires several hours ni exposure before 
gene mduciion occurs, After the initial induct on. ISG 
Eianscriptu >1 j dec.intt and returr 1 > 10 basal 1 eveJs. 

Interferons inhibit the growth of almost all known v,- 
niseji by interfering with viral RNA and protein •> a theses. 

Interferons are induced by viral nucleic acid and hind to the 
receptors of nearby cells. The development of resistance to 
vims infections occur* within a few minutes and peaks 
within ni few hours, Several proteins are induced including 

RNuse L (which cleaves viral RNA), nitric oxide synthe¬ 
tase (nitric oxide has antiviral activity), a protein kin,use 

that phosphorylaies .sit initiation fat Utf called elL-2 (which 
inhibits viral protein synthesti hy preveniing (he elongation 
of viral double-stranded RNA), and the protein, which 
inhibits translation of viral inRNA (Tl/anF 1 99b). IFN -7 
inhibits viral replication by stimulating ihc release of other 


IFNs, Interferons arc also induced by bacteria, fungi, and 
some protozoa, and the activation of phagocytic cells is 
important in the host response to these pathogens, 

Interferons induce increased expression of class 1 and 
class 1J MHC molecules on antigen-presenting cells, lead¬ 
ing to enhanced antigen presentation Fhey increase phago¬ 
cytosis and intracc 11 u I ar and extracellular killing hy macro¬ 
phages and neutrophils. The interferons also modulate X 

B, and NK tell function, with If N-y having the most 

potcm imniunomodulating activ ity. 

Interferons have several effects tin neoplastic cells, in¬ 
cluding modulation of Oncogene expression. Down-regula¬ 
tion of e -my v, c-fos. t-Ho-ras c-mos. and c-sre have been 

described in various models. IFN-a augments NIC cell 
cytotoxic it) against neoplastic cells and acts iyitergisiieally 
with 1L-2 to increase NK activity Anliangiogeiiiv activity 

hits also been described. 

Linge-scale production ol l.FNs is accompli sired by cul¬ 
turing stimulated cells, leading lo the production of "natu¬ 
ral'* or “native" interferon ldenoted hy “N"j produces. 
Alternatively. IFNs can be produced by recombinant meth¬ 
ods. Human interferons from both sources are commer¬ 
cial ly available Natural IFNs are less concentrated and 

may contain a mixture of interferon types with <xher yio- 
kines. An excellent comprehensive review of interferon 
biology of species of veterinary interest has been published 

by Ti/ard {1995). 

Interferons as Therapeutic Agents 

In humans. IFN-a has been, approved for the Ural merit of 
hairy cell leukemia* chronic myelogenous leukemia* Kaposi 
sarcoma* basal ceil carcinoma, renal cell carcinoma* and 
genital waits. Effects on metastatic melanoma, endocrine 
pancreatic tumors, metastatic colorectal and ovarian carci¬ 
noma* and bladder cancer have also been reported. Intcr- 

feron-o .■> also licensed for the ueaittrem of chronic hepati 
tis B. Interferon-B has been approved for the treatment of 
multiple sclerosis and IFN -7 for the trealmenl of chronic 
granulomatous disease. 

Using a feline in vitro system. Weiss and Oosirom Ram 
(1990) showed that low levels of rhIFN- u had no effect on 
lymphocyte blastogcnesis* whereas higher levels signifi¬ 
cantly suppressed blastogenic responses. In vivo, cats given 
UF or l(P lUfltg had significantly enhanced blasiogenesk 

whereas cats given 1 x l(r JU/kg had depressed lympho¬ 
cyte stimulation. In cats, the immunomodulairng effects of 
dill N-« appeared to he dote dependent. 

Activity of rfcIFN-u against rotavirus, feline piinleuko- 
penia virus, feline calkj\inis, arid feline infectious peritoni¬ 
tis corona virus was documented in cell cultures of feline 
origin The anti viral effect was more pronounced when the 

cell cultures were treated continuously than when they 
were pretreated only before challenge. rfelFN did not have 
activity in canine cells challenged with vesicular stomatitis 
virus, implying species specificity of action (Mochizuki ei 
al.. 1994). This product is marketed in Japan as IntcrcaL 

Feline Infectious Peritonitis 

Parenterally administered rhlh'N ct and IFN p, with or 
without Pmpitmihucierium acnes i which enhances IFN re- 
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spo~.ses and augment* T- and NK-cell activities l given 
prophy tactically or therapeutical]y did not significantly re¬ 
duce the mortality rale of experimentally induced feline 
hj[lvuhjv peritonitis virus \ 1PV> infection. Cats treated 
with high-dose IFN. 10 U/kg daily for 8 days and then on 
alternate days for an additional 2 to 3 weeks however, had 
temporary suppression of clinical signs and decreased se¬ 
rum antibody responses i« FJPV, and the mean survival 
time of cats treated with high-dose rhlFN-a was increased 
by a few weeks over that, of untreated cals. Interferon- 

related toxicides were not reported (Weiss et ai, 1990). It 
is possible that the benefits of the high-dose protocol were 
due to the dose-dependent immunosuppressive effects of 
IFN The increase in survival times in this study using 
ex pen men La I challenge were only 2 to } weeks, and there 

are few data documenting the response of cals with natu¬ 
rally occurring disease. There are anecdotal reports of 
orally administered low-dose rhlFN-a therapy (as de¬ 
scribed below) inducing remissions from clinical FIP: how¬ 
ever the true benefit of rtilFN-o in cats with spontaneously 
occurring FIP is unknown, and conventional therapy with 
cvtutmiv drugs and corticosteroids is still the treatment of 

choice (Weiss, 1994. 1995). 

Feline Leukemia Virus and Feline 

[mmnmuiitivivru v Vims 

The parenteral administration of rhlFN-a in combination 
with zidovudine (AZTt beginning ai the time of exposure 
to feline leukemia virus ( FeLV) or feline immunodeficiency 
virus (FTV) abrogated Ihe progression of viral infection 
and protecled treated animals from induction of persistent 
amigcncmia and disease. The anti-FeLV effect was limited 
by the production of anti-rhlFN-u antibodies detected 7 
weeks after the start of therapy. Interferon-associated toxic¬ 
ity was- not 'Observed (Zeidner ef al„ 1990). In a subsequent 
study* A/ !„ JI bv-•■ i. and adoptive transfer of lectin/IL- 

2 -actnaicd lymphocytes were cleared of their viremia and 
remained clean even after arui-lFN antibodies developed. 
Combination therapy appeared to reconstitute ami viral hu¬ 
moral immunity, counteracted immunosuppression, and in¬ 
duced the reversal of retro uremia (Zcidncr cl at..* 1995). 
t ^fortunately, due 1» the problem of antibody induction, 
parenteral rhlFN-a appears to have little, if any. clinical 
utility as nnHHitherapy for Fel V infections. 

Low-Dose Oral K room bin uni Human 
Interferon-a 

In 1988, Cummins et ai reported that, following expert 
mental infection w ith the Rickard strain of FeLV, the ad - 
mmistnuion of 0 5 or 5 U of natural hlFN-a orally once 
daily fur 7 consecutive days m alternate week* for ! month 
was associated with survival in l&fc of IFN-treated cats, 
whereas 100*1; of placebo- treated control cats died. Twelve 

of 13 vats treated with IFN did develop persistent uremia. 
In another report, four eats with FeLV-associated i>oriregen¬ 
erative anemia were treated with KXf.tXX) U bovine IMS * $ 

orally for 5 consecutive dajs on alternate weeks. General 
clinical improvement, reduction in circulating antigen lev¬ 
els, and normalization of hematocrit levels were reported 
in all cats (Tompkins and Cummins, 1982). and one cat 


cleared its viremia. Similar findings were reported b> Steed 
(1987), who treated FeLVAnfceied cots w ith low -dose natu¬ 
ral hlFN a or bovine IFN-p, Weiss et al. (1991) reported 
fiV FeLV-infecicd cals with clinical signs treated orally with 
euher low-do*c rhlFN-cr or bovine 1FN-P. Cats treated 

with rhIFN had significantly higher survival rates than did 

cats given bovine interferon; both groups had increased 

survival compared with historical controls. In general, clin¬ 
ical responses were observed within the first or second 

week of oral IFN administration, with increased appetite, 

greater activity, weight gain, resolution of fever* improved 

hemogram and Leukocyte counts, and quicker recovery 
from secondary bacterial infections when antibiotics were 

administered. Most cats remained vircmic; however, some 
scnxon verted. Other anecdotal data suggest that rhlFN- 
rt confers clinical benefit lo cat*' symptomatic for FeLV 
infections; however, there are no controlled studies with 

naturally occurring infections. 

In contrast to Ihe above reports. Kochiba et a) (1995) 
reported that low-dose oral hIFN-a had no significant ef 
feels on viremia. course of the disease, or differential 
leukocyte counts in expert menial FeLV infection. In their 
system* the Kawakami-Theilen strain (A* fl, and C sub- 
groups, which foosistenily induce fatal erythrokl aplasia) 
was administered to 12-week-old kittens. Methylpredniso- 
lonc acetate was aLso given the day of inoculation. Neither 
rhIFN-a nor human natural IFN -a induced any significant 
benefit compared with placebo. Also, low-dose oral rhllFN- 

o administered to humans did nm appear to have any 
significant immunomodulatory or antitumor activity (Koch- 
iba cl a).* 1995). Efficacy of oral IFN-a in humans with 
human immunodeficiency vims infection has been sug¬ 
gested, but not confirmed (Koctba ti ai, 1995). 

If orally administered low-dose human IFN -a has any 
effect ii cats with retroviral infections* a direct systemic 

antiviral effect is unlikely, Et may he possible that interferon 
may he- acting m a biologic response modifier following 
binding to cellular receptors in the oral cavity/pharynx, 
triggering cytokine cascades that have systemic immuno¬ 
modulatory effects. Appetite stimulation may be due to 
direct central nervous system effects. When used, orally in 
cats* adverse effects have not been reported, and anti- 
rhIFN-a neutralizing antibodies do not appear to develop 
The dosage of IFN is 30 IU rhlFN-o per cat orally once 
daily for 7 days, <mi a l-week on, 1 week off schedule. 
Compuundmg ui the Ontario Veterinary College pharmacy 
is as follows: The contents of a 3 million IU vial of rhlFN- 
a, (Rofcron-A: a recombinant hybrid product containing o 
A/D subtypes) is diluted in 1 L of normal saline. The 
resulting solution contains 34 MI) HJ/roL. One-mil Killer ali¬ 
quots can 'be frozen for several months. To dispense. I mL 

of the 3000 ILI/mL solution is diluted to 100 mL with 

saline, yielding a 30 IU/mL solution. The stability of this 
solution is not known; we dispense only enough for 1 
month (slightly modified from Weiss et aL (1991), as ihc 
stability of the dilutions is unknown)* The optimum dose 
of ocher recombinant and natural hIFNs is unknown, hut 
likely different. 

Controlled clinical trials in spontaneously occurring ret¬ 
roviral infections need to be designed and performed. On a 
purely anecdotal basis, our experience in treating a limited 
number of eats with FeLV or F1V infections suggests that 
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clinical benefit is associated with oral interferon therapy 

and that if is safe and inexpensive. 

interferons as Therapy for Cancer 

Interferons inhibit cell proliferation of both normal and 
malignant cells and haie numerous immunomodulating 
effects Several human cancers respond to IFN therapy. At 

parse m. ihere s»c only preclimeal data suggest ng that IFNs 
may have some utility in the treatment of cancer in com¬ 
panion animals. When canine mammary tumor and mela¬ 
noma cell tines were incubated with canine IFN -y, signifi¬ 
cantly increased expression of major histocompatibility 
antigen class 1 and li antigens and tumor associated anti 
gens were observed. Increased expression of these antigens 

(Schijiis el al.* 1995b) may be of benefit in tumor cell 
recognition and rejection by the immune system. In another 
study, growth of canine and feline tumors was shown to be 
inhibited by rhIFN-a and AlFN-y in vitro Sensitivity' to 
IFN varied according to the type of neoplasm, with round 

kdl tumors being most sensitive (Kessler el ah, 19%). 
Recombinant rfelFN was found to have a dose-dependent 
inhibitory effect on cell growth and colon} formation on 
cell lines derived from canine acanihomaious epulis* benign 

mixed mammary tumor, squamous cell carcinoma, and 
malignant melanoma. 


interleukin Biology 

Theft are currently 17 defined ILs* named in order of 
discovery and classified into groups based on structure 
function, or both ILs are a diverse group of cytokines, 
wiih functions including enhancement oi suppression of 
various cells nf the immune system fe.g., IL-l, IL -2. IL-4. 
1L-9. JL-1U, IL-] 2. 1L-13. IL-17), hematopoietic growth 
factor activity (eg., 11,-3. IL-IL IL-17K and the regulation 
of Leukocyte function fe.gIL 5 modulates eosinophi func¬ 
tion; II. H ls chemntactic for fieutrophils). Some are growth 
factors for ceils of the immune system (e.g., IL 7, II. II. 
IL 14, ILISk whereas others enhance the acute phase 
response (e g.. IF-I. |[„-6 , Must interleukins have multiple 
effects on various cells, and are part iif complex regulatory 
cascades. Depending on the spec die interleukin, the} are 

produced by T arid R lymphocytes, macrophages, fibro¬ 
blasts, and other stromal edit. 

Examples of Interleukin Therapy in Dogs 

and Cats 

Interleukin-1 

Human rlL-la w»s shown to he chemokinetic and chemo- 
tactic for canine neutrophils in vitro and lo cause dosc- 
dcpcndem and selective neutrophil infiltration after inira- 
derrnal administration (Thomsen and Thomsen. |990i The 
pharmacokinetics of a ingle dose of human IL-l has been 

studied in the dog. Interleukin-1 was rapidly distributed, 
with a volume of distribution approximately twice tJut of 


the total body water ot a lean dog. The terminal halMif-e 
was less than 30 minutes. Within approximately 1 hour 
after dosing (Gray el al. 1993). II, levels were below the 
quantifiable limit of the ELIS \ assay. As IL-l is a centraJ 

mediator of inflammation. these data arc useful for sty dying 
the physiology of ll.-l: however, pharmacologic efforts 

will focus on inhibition of IL-l aetivily, with applications 
m the therapy of acute and chronic inflammatory disorders 

und septic flJHJck- 

lnierleukin-2 

Interleukin-2 synthesis is triggered by antigen-induced acti 

vation of T lymphocytes. and its most important activity is, 
the promotion of clonal expansion of antigen-spedIk T 
cells. In NK cells and macrophages. 1L-2 also promotes 

proliferation* production of IFN-y, and cytolytic activity It 
also induces growth of B cells as well as immunoglobulin 
secretion. An important clinical consideration is the obser¬ 
vation that NK cells cultured in ihe presence of IL-2 have 

enhanced cytotoxic activity, with increased capability for 
lysis of neoplastic cells. These activated cells are called 
tymphokiiw-activatrd killer (LAK) cells. lnttrieukin-2 is 
thus an attractive agent for ’..he therapy of neoplastic disor¬ 
ders; however, parenteral administration <d IL l i - associ¬ 
ated with significant toxicity, which is due to the secondary 

release of IL-l, iFN-y. IL-i. and TNF-aJ. 

Interleukin-2 was licensed in die United States in 1992 
for the treat merit of metastatic renal cell c .nicer, becoming 

the first biologic agent approved for treatment of any can¬ 
cer in humans. The availability of return bin anl IL 2 
spurred the development of ‘ adoptive immunotherapy.' 1 

which refers lo the transfer to the tumor-bearing pattern 
immune cells that mediate ant j tumor effects. Adoptive im¬ 
munotherapy has been performed wiih I AK cells and tu¬ 
mor-infiltrating lymphocytes, Interleukin-? is necessary fur 
the generation of these cells in vitro and in vivo and is 
also administered systemically along with these cells in an 
effort to keep diem functioning in the patient More re 
centJy, IL-2 gene therapy foe various cancers has been 
developed. 

Several in vitro studies have demonstrated thai rhlL-2 
has activity m companion animals similar to ihe activity 
recognised in humans. Feline lymphocytes responded 
appropriately to the cyiokmelfe action of systemicdly ad¬ 
ministered AIL-2 (Gonvalves cl al., 1991), and adoptive 
immunotherapy of FdLV-infected eats with Lee tin/AIL-2 
activated lymphocytes* IFN -a, and AZT led to reconititu- 
tion of antiviral humoral immunity; counteracted immuno¬ 
suppression. and induced the reversal of retroviremia (Fox 
et ul-, 1994>, Feline JL-2 cDNA was ehrtveiL and the recom¬ 
binant protein was shown ro promote proliferation of feline, 
bul not human, cells (Cozzi et al . 199.1, 1995). Helfand cl 
al. (1992) demonstrated that the immunobiology of IL-2 in 
the dog is similar lo that of human*. Tumor cytotoxicity 
was induced in vitro in canine lymphocytes with AIL-2, 
demonstrating that functiona and morphologic changes 
compatible with LAK cells could he obtained in dogs 
(Keifand et al.. 1994c; Mitchell et al., 1991; Raskin et al.* 

1991). In other experiments, monoclonal antibodies reac¬ 
tive with GD2 and GD3 disialogaiigtiosides expressed oti 
canine malignant melanoma cells were shown to trigger 
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increased tumor lulling when cultured with rhlL-2-acli- 
viiitd peripheral btoxxl lymphocytes (Helfund et al.. 1994a). 

Infusion of ihlL-2 into noraiu dogs resulted in lympho¬ 
cytosis and enhanced .n vitro lysis of a canine tumor cell 
line Side effects included vomiting. diarrhea, and inactivity 
(Helfand et a]. t 1994b>. Recombinant human INF anil 

ttilL-2 were administered in a sequential schedule To 30 
dogs with a variety of spontaneous neoplasms, Objective 
tumor responses were seen in dogs with oral melanomas 

aiid cutaneous must cell tumors. Dose-limiting toxic ities 
were primarily gastrointestinal (Moore et al., 1991 j. 

In an effort to develop a delivery system that would 

he associated with less toxicity. Khanna and coworkers 
nebulized free rhlL-2 and rhlL-2-toniammg .Liwsomes uuo 
normal dogs. Free IL-2 restilted in increased peripheral 

blood mononuclear cell activation compared with saline 
treated control dogs Interlcukirt -2 liposomes resulted in 
significantly increased hronchoalveolur lavage 4BALI ef¬ 
fector leukocyte numbers and activalion compared with 
empty Uptimes, Toxicity was not recognized with either 
IL-2 preparation. The authors suggest shai nomoxic activ*- 
tion of pulmonary immune effectors for the treatment of 
lung cancer may he possible using nebulized IL-2 lipo¬ 
somes {Khanna el al.. l9%bL In dogs w«ih primary and 
mctaMalk lung cancer, nebulized IL increased the total 
number of BAL macrophage* eosinophils, .rnd lympho 
cytes compared with pretreul merit levels, and there was 
increased expression of CDS on BAL lymphocytes. The 
relative expression of C D4 and CD 8 remained unclianged 
during line study. Mean BAL cytolytic activity increased 

compared with pret reatment activity during therapy to a 

maximum at 15 days, ami then it decreased (despite; contin¬ 
ued aerosol therapy) to preircatmcm levels at day 30. 
Antibodies reacting with hlL-2 developed in the scrum ol 

all treated dogs, possibly accounting for the decrease in 

BAL cytolytk activity at day 30 compared with day 15. 

Complete regression of pulmonary metasuiscs in two of 
hve dogs with metastatic osteosarcoma was maintained at 
greater than 970 und 700 days (Khanna cl al., 1996a I. 

Gene therapy with II, 2 has also been reported in dogs. 
(Juintincolonna et al. { 1 996 I reported that dogs with oral 
melanoma treated with local resection, 45-Gy radiation 
therapy, and repeated local injections of xenogeneic Vera 
cells transfected with an hlL-2-expressing plasmid hud 
longet median survival times than did dogs treated with 
resection und radiation therapy alone, dogs treated with 
surgery, radiation therapy, and nonengineered Veto cells; 
or dogs treated with surgery, radiation therapy and injec¬ 
tion of rhlL-2 into the tumor bed. Similar results were seen 
in cuts with fibrosarcorrias, An unexpected observation was 

the development of mctoMatic fibrosarcoma in three of five 

cals that relapsed tri the group treated with engineered 
cells. Complications seen m some dogs if id cats included! 

anaphylaxis associated with injection o) Veto cells and 
local inflammatory reactions (Quimincolonna et al., 19%I 

We have been using a replication-incompetent adenovi¬ 
rus to deliver rhlL-2 d)NA to vinous feline and canine 
si 1 1 id minors In vitro experiments have shown that the 
adenovirus vector is highly infective for camne cells and 
that IL-2 expression occurs at high levels for al least 2 
weeks. In a limited number of cases, we have seen dramatic 
and durable remits ion of melanoma metastatic to the lung. 


Clinically significant IL-2 toxicosis, including fever, inap- 

petence, hypotension, and noncardiogenic pulmonary 

edema, has occurred in dogs and cals treated with this sys¬ 
tem , 

Canine IL -2 cDNA has been cloned, but is not commer¬ 
cially available (Dunham et at, 1995: Knapp el al., 199:5). 

Cither Intvrfoikim 

Interleukin -6 is a pnoinflammatory cytokine (along with 

IL I and TNF- c*l with pkkxropic activity, including effects 
on B and T cells and induction of acute phase proteins. 
Elevated levels of IL -6 have been reported in Sharpei dogs 
with recurrent febrile illnesses, and IL -6 dysregulation has 

been postulated to play an etiologic role in the syndrome 
(Rivas cl al,. 1992). Dogs with juvenile polyarteritis syn¬ 
drome were also found to have increased levels of serum 

IL -6 activity during acute illness, but undetectable levels 
during convalescence Treatment of acutely ill dogs with 
prednisone resulted in rapid clinical improvement accom¬ 
panied by a decrease in IL -6 activity withdrawal of predni¬ 
sone resulted in reappearance of signs and high serum til- 
6 activity. Clinically, the most important inhibitors of IL -6 
expression are glucocorticoids (Hugencsch et aL, 1995). 
Interleukin -6 also has marked effects on megakaryocyte 
and platelet physiology. In (togs, SO p.g/kg per day rhlL- 
6 increased platelet counts modestly and enhanced the 
sensitivity ot platelets to activation »n response to thrombin 
and pi ate let-activating factor (Peng ef al., 1994). Other 
investigator* have shown that IL -6 promoted increases in 
plasma fibrinogen and von Willebrand faster and a de¬ 
crease in free protein S concentrations. These effects on she 
clotting mechanism may result is an overall prohemostatic 
tendency, which may prove beneficial for the amelkiramm 
of bleeding assoc iated with a variety of conditions Addi¬ 
tional investigation is required to determine if It 6 
mediated alterations of' hemostasis may lead to pathologic 
thrombosis (Burstem, 1994), 

The cDNA for feline IL -6 has been cloned, and the 

recombinant protein has been described (Bradley et al, 

1993; Ohashi et al„ 1993), 

Interleukin- 1 1 is a plciotropic cytokine dial enhances 
the activity of primitive, erythroid, and megakaryocyte 
progenitor cells m& the production of hepatic acute phase 
proteins, and it supports growth of the intestinal epithelium. 
In animal models, rht.L-11 has been shown to be effective 
in reconstituting platelet levels offer the administration of 

chemotherapy or radiation therapy and In protection against 
radiation or drug induced damage to the intestinal epithe¬ 
lium. Cl nit cully, rhIL-11 has been used to support platelet 
levels in human cancer patients and in the management of 
Crohn’s disease and ulcerative colitis. A side effect that 
limit* the administration of rhlL-ll is plasma volume 
expansion, resulting in edema, a fall in hematocrit, and 
cardiac arrhythmias. In dogs, rhlL-ll increased platelet 
counts, platelet size, ploidy, number of megakaryocytes, 
und marrow and peripheral blood. Pneumonitis may be a 
dote-limiting sick effect in dogs (Nash et aL 1995b), 



In humans, the hematopoietic system produces in die order 
of 10' 3 cells daily and i% able to rapidly increase production 
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even further when itnuulaicd by liemaiupufctK growth 

factors. Hematopoietic grow rh factors include trvihropote- 
tin (EPO). granulocyte colony-stimulating factor {G-CSFi, 

gramilocyte/m aero phage colony-stimulating factor fOM- 
C SFk i non oc \ te c o I * m y - si i m u I a t i n g factor <M -CS E1, 
ihrombopmeLin* stem cell factor (SCF , ansi mnsi of the 

interleukins Hematopoietic growth factors act sytwrgisli- 
cally 4 s , various levels id the hematopoietic developmental 
system, anti their actions are rarely restricted to a given 
Lineage. The eDNAs for all of the known human factors, 

anti some of the .Milne and feline factors, have been 
cloned Recombinant hG-CSF (filgrastim). rhGM-CSF tsar- 
gmmoslim}, and fhEPO lepoclm) arc commercially avail¬ 
able. Fi>r humans, this has led to significant advances in 
the management ol i variety of hematologic ami neoplastic 

disorders. It is likely that these products, attd eventually 
spec ics-spcc i lit growth factor products, will nuikc similar 

advances possible for companion animals. 

Recombinant Human Erythropoietin 

In dogs. EPO is secreted hy cells odjaceni to the proximal 
convoluted tubules in response to renal hypoxia. Erythro¬ 
poietin stimulates the proliferation and maiuraiion of cry- 
thrend progenitor cells, primarily colony-forming unit cry- 
throid cells. Megukaryocyics are also stiinubucd by hPO, 
Recombinant human EPO was the first commercialIv avail 
able hematopoietic growth factor released for clinical use 
in humans arid is indicated for the treat merit of anemia 
secondary to chronic renal failure* anemia secondary to the 
treatment of human immunodeficiency virus w ith AZT, and 
anemia secondary to cancer chemothciapv The use of 
fhEPO in small animals is addressed elsewhere in this text 
(see Chapters 1 and 21). 

Growth Factors Affecting Myeloid 
Lineages 

Ciraiattlocyfe Colony-Stimulating Factor 

Granulocyte CSF is produced by fibroblasts and endothelial 
cells stimulated by IL-i or TNF and by macrophages 
stimulated by baclenul endotoxins. Its major effects are on 
neutrophils and neutrophil progenitors. Recombinant h(> 
CSF is commercially available and for humans is indicated 
to decrease the incidence of Infection in patients with 
nonm y cloid inal jgnancie s rece i vi ng m \ e losu ppres si vc die 

motherapy with ot without bone marrow trurtsplantation. 

congenital neutropenia, and cyclic neutropenia. 

In normal dogs* rhG-CSF induces rapid and marked 
neutrophilia but, similar to the situation with rtiEPO, also 
induces antibodies that react with both rhG-CSF and en¬ 
dogenous canine G-CSF, leading to chronic, but reversible, 
neutropenia (Hammond ci al* 1991; Lothrop cl al.. L98N). 
Whether dogs with cancer receiving immunosuppressive 

chemotherapy are able to mnuni an immuru response to 

rhG-CSF has not ) cl been determined. In dogs treated w ifh 
lotal htnly iiTadiation. rhG CSF therapy was associated 
with earlier recovery of neutrophils and platelets and re¬ 
duced the lethality of the hematopoietic insult compared 


with untreated ii radiated eoatrob (MaeVifiic ii al., 1990)1, 
In grey collie dogs with cyclic hematopoiesis. rbC CSf 
eliminated neutropenic episodes but did not correct abnor 

malitles in platelet aggregation or serotonin enntenl or 
decreased neutrophil myeloperoxidase activity (Lolhrop ct 
al.. 1988; Prait el al.. 1990). Recombinant hfi-CSF has 
,i m> been used to treat drug-induced pancytopenia in a dog 

(Holland cl ul„ 19%), 

Canine G CSF has been cloned but .is not commercially 
available In normal dogs. rcG-CSF was shown to induce 
rapid and marked increases in neutrophils, moderate in¬ 
crease > in lymphocyte and monocyte counts, and bone 

marrow hyperplasia. For example, five normal dogs were 

given 5 |jig/kg ncG-CSF per day ^ubvulancously for 4 

weeks. The mean neutrophil counts increased from 6337/ 

pL to 2GJ3 Q/|jlL within 24 hours after the first injection 
to a maximum of 72,125/p.L by da. 19. Blood counts 
returned to normal within 3 days after discontinuation 
of ivC-CSK ami clinically significant toxicoses were m»c 
associated » ; ;th rcG CSF administration Fhe induction of 

neutrophilia was induced again upon repeated administra¬ 
tion (Kurnnan el al. 1992: Obradovich ei al., 1991; VX nki 

cl al., 1992), Recombinant eG-CSF prevented neutropenia 

and associated clinical signs in cyclic licmaiopoietic dogs 
bin did not completely eliminate ihe cycling of neutrophils 

in cyclic hemutupojctii; din v. Also, the time to bone mar¬ 
row reconstitution was not decreased in dogs treated with 

icG CSF after autologous bone marrow transplantation, 

emphasizing that reti-GSE action depends on the presence 
ol progenitor cells m Ihe bone marrow (Mishu el al., 1992). 

To evaluate the utility of rcG-CSf in the management of 
chemotherapy-induced neutropenia, mychxsuppression was 

induced w ith miioxantmne in normal dogs and then treated 

w ith daily rcG-CSF for 20 day >. Nore of the dogs receiving 
rcG-CSF developed serious neutropenia, while four of five 
untreated dogs did. These findings demonstrate that rcG- 
CSF is capable of reducing the duration and severity of 
m i 1 o x a ntrone -1 n duced n l y e 1 1 «s up pres si on (Og ■ I v i e e t ah* 
1992). The optimal cost-effeciive timing and duration of 
Ircalmcm for the management of therapy-induced myelo- 

vuppression has not been determined for canine or human 
origin cytokines, arid it may only bo necessary to treat 
when neutrophil counts fall below 1000 cells/pJ-, and only 
a few days of therapy may be necessary (Hammond et al., 

1990). In addition to cancer treatment-induced neutropenia. 
rcG-CSF has been used to accelerate the rate of recovery 

from neutropenia in dogs with parvovirus. Ji has not been 
useful in dogs, without neutrophil progenitors, such as those 
with aplastic anemia secondary to ehrlichia infections or 
estrogen toxicity eOgilvic, 1995). Historical and bone mar¬ 
row evaluations are important ir determining which ani¬ 
mal-’ .are likely to respond tu therapy with an> hematopoi¬ 
etic growth factor. 

Recombinant (.i-t’SFs of both human and canine origin 
have been studied in normal caiv In one study* 3 (ig/kg 
rcG-CSF per day was administered lo healthy cats for 42 
days. Mean neutrophil counts increased from 10,966 cells/ 

pi, to 30.688 cells/|j.L w ithin 2 4 hours after the first dose. 

Neutrophil counts, increased and remained elevated until 
cytokine administration was discontinued at 42 days. There 
were no adverse effects reported ((Jhradovieh el al,. 1993), 
Normal cats given rh(i-< ’SI- developed neutropenia before 
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the end of 3 weeks of therapy, presumably hecause antibod¬ 
ies developed gainst the growth factor (Fullon cl aL 
1991). Neutropenia has not been ohserved in cats given 
roG-CSF, likely due to greater homology between the cat 

and dog cytokines (Obradovich et a)., 1993). It is not 
known if cals with immunosuppressive disorders or cats 
receiving anti neoplastic chemotherapy are able to form 
antibodies that react with human-derived cytokines. Cals 
with Chediak-Higashi syndrome treated with tvG-CSF had 
increased neutrophil counts anil improvement in neutrophil 
function iColgan el ul , 1992 c Recombinant G CSI lof 
any species origin) may also be useful in the management 

of feline pan!eukopenia, neutropenia associated with FeLV 

and FJV infections and sepsis. 


G ramiloey tc/Macrop hage f ol11 a y -Si i i mi I a i i tig 

Factor 

Granulocyte/macrophage CSF j> produced by the bone 
matrow stroma and T and B cells and is a regulator of 
ihe intermediate stages of hematopoiesis. It supports the 
expansion and growth of both granulocytic and macro 
phage lineages as well as enhancing the function of mature 
macrophages anil neutrophils t Voce and Armjiage, 1995). 
In humans. rhGM-CSF is indicated for the acceleration of 

hematopoietic reconstitution after autologous bone marrow 
transplantation in lvmphoproliferalive disorders. Recombi¬ 
nant hGM-CSF induces Leukocytosis (primarily neutro 
phils, but also eosinophils and monocytes) in normal dogs. 
In dogs undergoing total body irradiation and supported 

with rhGM-CSF., there was decreased severity and short¬ 
ened duration of ncuiropcma, indicating that rfiGM-C’SF 
can be effective monotherapy for radiation-induced bone 
marrow failure in dogs, Anii-rhGM-CSF antibodies devel¬ 
oped in I to 2 weeks, and persisted for at least 150 days 
Another potential concern with rhGM CSF is that platelet 
counts dropped Lo nadirs of 205}- to 305b normal lev els 

(Mayer cl al., 1990: Northdurfi et ah, 1992). 

Canine GM-CSF has been cloned and its activity inves¬ 
tigated in normal dogs, where it induced significant in- 
cj case", in neutrophil and monocyte levels. As with the 
human recombinant product, mean platcllcl counts de- 
creased significantly. Further investigation into the mecha¬ 
nism of thrombocytopenia suggested that GM-CSF acti¬ 
vates hepatic macrophages, with resultant increases n 
phagocylosis of platelets (Nash et al.* 1991, 1995a). After 
otherwise lethal total body irradiation, rcGM-CSF was not 
effective in proitiotitig hematopoietic recovery or improv- 
ing survival* suggesting that in situations of severely lim¬ 
ited stem cell response, G-CSF may be more effective than 
GM’CSF in eliciting a rapid neutrophil recovery (Nash et 
a] * 1994). 

In an effort to avoid daily systemic administration of 
recombinant GM-l SF, we are investigating hematopoietic 
cytokine gene transfer in the marrow cavity of normal dogs 
by direct mlramarrow injection of adenoviral vector-cGM- 
CSF constructs [AdcGM-CSFy Replication-deficient ade¬ 
noviral vectors efficiently transduce marrow stromal cells 

and induce high levels of cytokine production. In vivo T 
high levels of protein production are found in bone marrow 
aspirates 72 hours after direct intramarrow administration 

of AdcGM-CSF. Localized myeloid expansion of marrow 


and significant peripheral leukocytosis have been identified 

in all treated dogs, and peripheral blood changes last for 
up m> 3 weeks after a single in tram arrow injection. It 


appears that adenoviral‘•mediated cytokine expression from 
the (narrow of a single large bone (Ileum) leads to t l impart 
mental ized expression of GM-CSF .and an increase in he¬ 
matopoiesis. Wc arc currently evaluating this approach in 
otherwise normal dogs made neutroperuc with mitoxan- 
tnme, 

GM-CSF i> a mediator of antibody-dependent cellular 
eylotoxicity and increases major histocompatibility com 
plex expression, giving GM-CSF potential iili.li.ity as a mod¬ 
ulator of antitumor immunity. A vaccine consisting of irra¬ 
diated hGM-CSF transfected canine metanoma cell lint 1 has 
been reported to produce GM-CSF at the site of intradermal 
injection for extended periods of time in normal dogs. A 
Phase I cUrm aJ trail using autologous tumor cells in dogs 
with me 1 anoina and soft tissue sarcomas has been initiated 
(Hoggc ct al., 1996), 


Other Hematopoietic Growth Factors Not Yet 
Available for Clinical Use 

Stem cell factor (SCF c-kit ligand, mast cell growth factor) 
is produced primarily by bone marrow stroma, with effects 
on a wide range of precursor cells at different stages of 

differentiation* including primitive hematopoietic stem 
cells, li has little activity os a single agent; however* is: is 

a potent co-stimulatory molecule when administered in 
combination with other hematopoietic growth factors. Ca¬ 
nine SCF cDNA has been cloned and studied in long*term 
bone marrow culture*. Alone reSCF was nonstimulatory 
for committed marrow precursors. Synergistic stimulation 
of grairukxyte/macropbagc colony-forming units was dem¬ 
onstrated between reSCF, rhGM-CSF, and rhlL-6 (Khanna 

ci al., 1996a). In vivo, icSCF induced! neutrophilia in. nor 

mal dogs arid supported hematopoietic recovery in normal 

dogs undergoing total body irradiation without marrow 
transplant; however, results were similar to those obtained 
with rcG-CSF i Sebuening et al,. 1993). Recombinant ca¬ 
nine SCF also prevented neutropenic periods in grey collie 
dogs with cyclic hematopoiesis (Dak et al., 1995). 

Recombinant human IL-3 and piXY32l (a recombinant 
fusion protein of GM-CSF and II 3) have not shown 
clinical utility in a limited number of animals tQgilvie, 

1995). M-CSF, IL-I and other hematologic growth factors 

have not been evaluated in dogs and cats. In summary* the 
current situation is that rhEPO and rhGdTSF are commer¬ 
cially available but expensive, are well tolerated, and have 
great potential for improving the management of dogs and 
cats with chronic renal failure and iatrogenic invdosup- 
pression. 


LIPOSOMAL PRODUCTS 


Liposomes arc microscopic closed vesicles consisting of 

aqueous compartments separated, from the environment by 
concentric phospholipid bilayers. The in vivo distribution 
of a liposome preparation is strongly influenced by its 

physical char&cteristies. Properties font cm be controlled 

during manufacture include membrane charge and stability 
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I which are determined by choice of lipid composition) and 

liposome size <which is determined by the method of 
preparationl r Liposomes are biodegradable, nontoxic, and 
in themselves immu nolog (call > inert. After phagocytosis 
by macrophages, liposomes arc digested by lysosomal 
phospholipases. The utility of liposomes lies in their ability 
to be "loaded" with biologic response modi tiers, drugs, 
or antigens* injected intravenously, and phagocytosed by 
selected cell populations, tn the conlext of companion 
annual medicine, liposome preparations have been used 
primarily to activate macrophages in an aitempt to increase 

killing of various cancers. More recently, systems designed 
to deliver chemotherapeutic drugs to various cancers have 
been reported 

Muramyl dipeptide (MDP; a bacterial cell wall compo¬ 
nent) and its derivative muramyl mpeptide (\!TF) are 
efficient macrophage activators, In vivo, (hey Eire rapidly 
cleared alter parenteral injection. If liposomes Lire used to 
carry and deliver them to macropJ iges, however, enhanced 
macrophage activity is developed against malignant cells. 
Activated macrophages selectively lyse neoplastic cells and 
do not affect non-neoplastic cells. In vitro studies suggest 
that macrophage killing does not depend on immunologic 
recognition or activity, 

MacEwen el al. 0989) have reported several studies 
investigating the use of liposome biologic response mod¬ 
ifier systems in cancer-bearing dogs. Muramyl Eripeptide- 
phosphat idyl ethanol am me i MTP-PE) is a synthetic deriva¬ 
tive of MDP with enhanced plasma half-life and reduced 
toxicity. Administration of liposome-encapsulated MTP- 
PH (L-MTP-PE) increased monocyte tumoncidal activity; 
increased levels of (i-niicroglobulin, TNF-a* 1L-6 T ne- 
opteriti, ceruloplasmin, and C-reactive protein: and up* 
regulated IL-1 (Kurzman et al., 1993; Shi ct a!„ 19931. In 

an in vitro cytotoxicity assay, normal dogs treated intrave¬ 
nously with L- MTP-PH had enhanced killing of canine 
osteosarcoma cell line D-17 and human melanoma ceils 
(Smith el al.. 1993), L-MTP-PE was well toleraied. with 
the only side effect being a mild increase in body tempera¬ 
ture 2 to 4 hours after administration (MucEwen and Kurz- 


tnan, 1996). Treating normal dogs with rcG- C 5 f before 

L-MTP-PE administration led to increased monocyte 
counts and enhanced levels of serum TNF*fl activity com¬ 
pared with dogs treated with L-MTP-PE alone, suggesting 
that the combined use of colony-stimulating factors and 
effector cell activators may be useful in I re at mg some 
cancers (Kur/mun el al., 1994), 

The results of several clinical trials evaluating the utility 

of L-MTP-PE in dogs with appendicular osteosarcoma 
have been published. In the initial trial, dogs treated with 

L-MTP’PE after amputation (chemotherapy was not ad¬ 


min istered to either group» had significantly increased sur¬ 
vival times compared with untreated amputated controls 
(MacEwen el al., 1989). In a follow-up study; 44) dogs with 
appendicular osteosarcoma were treated with amputation 

and cisplutin chemotherapy. Alter completion of chemo¬ 
therapy. dogs without evidence of overt metastatic disease 
were treated with either L-MTP-PE or liposome placebo. 
The 1 -MTP-PH group had significantly longer survival 
times (MacLwen el al., 




14,4 months) than 
did the placebo group (median 9.8 months) (Kurzman et 
al., 1993), A third trial evaluated die efficacy of L-MTP* 


PE given concurrently with cisplatin after amputation. 
There wa> no significant difference between the group 

receiving L-MTP-PE once weekly, the group receiving it 
twice weekly, or the group receiving liposome placebo 
«Kurzman el of, 1995). These studies suggest that L-MTP- 
PE has clinically significant antitumor activity m dogs with 
appendicular osteosarcoma when given as a single agent 
after amputation or amputation phis cisplatin chemother¬ 
apy; however, this effect is lo\\ when L-MTP PE is given 
concurrently with cisplatin. It ts possible that the failure 
of concurrent therapy was associated with the choice of 
chemotherapeutic drug. Drugs such as doxorubicin have 

been show n to enhance macrophage cytotoxicity in dogs 
and may be a better choice for combination therapy s Shi 
et al., 1993). 


(lie efficacy of L MTP-PE was also evaluated in 



s 


w 



splenic hem angiosarcoma After splenectomy, dogs 

were randomized to receive either cyclophosphamide plus 
doxorubicin chemotherapy with concurrent L-MTP-PE or 
liposome placebo. Dogs treated with L-MTP-PE had in¬ 
creased serum TNF-o and 1L-6 activities and significantly 
prolonged disease-free intervals and overall survival times 
compared with the placebo liposome group (Vail et al.. 



Intravenous L-MTP-PE has also been shown to induce 

increased serum TNF-u and IL 6 activities when adminis¬ 
tered to normal cats (Fox et al., 1994). Forty cats with 

mammary gland adenocarcinoma were treated with radical 
mastectomy followed by L- MTP-PE or placebo in a double 

there were no differences in 

either disease*!nee interval or survival between the iw'ii 

groups (Fox ct al., 1995). 

As noted, conventional liposomes arc rapidly cleared by 





macro 



s 



intravenous injection, w 



is appro¬ 





priate for activation of macrophages or antigen presenta 
lion, Recently; it has been shown that the inclusion of GM l 

gangliosuie phosphatidyl inositol. ©crebraside sulfate, and 

polyethylene glycol (PEG) within the liposome Nolayer 
can prolong liposome circulation lime, decrease liposome 
content leakage, and decrease uptake by macrophages. 
Liposomes with this type of formulation and kinetics arc 

termed stericallv stabilized t Stcaltli liposome is a registered 

trademark of a sterkally stabilized liposome formulation.) 
Inhibition of the rapid uptake of liposomes by the macro¬ 
phage/monocyte system and reduction of the rate of drug 
leakage have led to the development of long-circulating 
liposomal drug delivery systems. Stencally stabilized lipo* 

concentrated in skin, followed by liver 
and spleen, and tumors. Liposome localization in tumors 
appears to be the result of enhanced rale of extrav asation 
through abnormally permeable micro vasculature coupled 
with impaired lymphatic drainage (Gahiznn et al., 1997; 
Papahadjopoulos and Gabizoct, 1995). 

Doxorubicin encapsulated in PEG-eoated liposomes has 
an extremely long lialf-life, slow clearance, and small vol¬ 
ume of distribution. A Phase I dose-escalation stud; with 
pcgybled liposomal doxorubicin was performed in tumor 

hearing dogs. The maximally tolerated dose was LO mg/ 
kg IV every 3 wrecks, and cutaneous toxicity was dose 
limiting. Significant my e Insuppression did not tiecur (Vail 
et a).. 1997), A clinical (rial in which ini mu no liposomes 
consisting of Stealth liposomal doxorubicin covalently 
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linked N.i ioortix:loiuil antibody 23H (which recognizes and 
binds 10 ail internalizing suii^t: epitope expressed on lym¬ 
phoma cell si wan recently proposed (Alien cl al., 1996), 

Su ric ally stabilized liposome systems a ill be developed 

to reduce toxicity and increase i-flicHcy of m her thugs For 

in source, i Sicallh 1 1 posome-encapsulaied cisplatin prepare 
lion is untiergomg prelim nary testing in cats, which are 
hoUblv sensible to the loxiC effects of cbplatin (Thamm 

and Vail, 19961 


EXAMPLES OF BIOLOGIC RESPONSE 
MODIFIERS UCENSEO FOR USE IN DOGS 
AND CATS 


Although the cDNAs for many dog and vat cytokine* have 
been cloned, there are no canine or feline species-specific 
cytokines cun endy ttiarkeiei] in North America. As tlis 
cussed earlier, recombinant human cviotincs often have 

qr 

dramatic effects in companion animals, and, although the 


induction of anti recombinant human cytokine antibodies is 
a concern, their significance may depend on the clinical 

situation (eg , they arc significant m animals receiving 

rhEPO hut may not he significant when rhG-CSF is given 
to neutropenic animal* for a short pent h! after chemothcr- 


m h 

Two cytokine-inducing agents are licensed for the treat' 
mem or neoplasia in dogs and cats Convincing clinical 

trails have not been reported for either however, (he ratio¬ 
nale for their use seems reason able when other treatment 


modalities arc nm options. 


SUMMARY 

The corrupt of enhancing tire normal immune response 
against infections and neoplasm* has been considered for 
decades. The administration of various natural and syn¬ 
thetic. products to simulate systemic infections has Largely 
given over to the idea that specific cytokines can he used 
effect!vdy when administered sysicmkaliy. Imcrfcrons, in 
terleukins. and hematopoietic growth factors may offer 
substantial clinical benefit in chrome viral infections and 
in cancel* such as osteosarcoma, mdanorna. and lympho 
sarcoma, Erythropoietin has been shown to have great 
utility in the management of chrome renal failure. At this 
point, only recombinant products derived from humans arc 

commercially available, and they are expensive and not 
licensed tor use in companion animals, Nevertheless, these 
products may have significant clinical impact on several 
highly fatal disorders of dogs arid cats Wlien administered 
systemically, cytokines perturb complex regulatory path¬ 
ways, and serious side effects may occur InmwaLivt deliv¬ 
ery methods, such as liposomes, gene therapy, and even 
oral administration, may increase the therapeutic index of 
these molecules, Biologic response modification, ryiokmc 

biology; and as* v rated delivery systems are rapidly chang¬ 
ing fields, and the small animal veterinarian will need to 
waich for significant advances in these areas over Ihc next 
several years, 
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Since the deduction of the double helical structure of de¬ 
oxyribonucleic acid iDNAl by Watson and Crick in 195 V 
neatly progress has been nude in elucidation of the form, 
function, and regulation of DNA. ribonucleic and (RNAk 
and protein. Application of molecular biology advances lo 
the applied environment of climeal medicine, including 
pharmacology, began in the laic 1970$. The purpose of this 
discussion ii to briefly review the principles of molecular 
btology necessary for understanding technologic advances 
in pharmacology and to highlight products of significance 

lo veterinary medicine, A detailed understanding of product 

production processes is not necessary for the practitioner 

but an appreciation of cellular and molecular pu.ncipLes is 
important for adequate client communication. More than 
most pharmaceuticals, recombinant products have engen¬ 
dered debate and concerns that must he understood and 
dealt with, by medical profestfonnk. 


Biotechnology anti Genetic Engineering 


Bintechnnlogy is best defined as the application of hiologk 
organisms, syguntis, or processes to manufacturing and 
service industries (Headon. 1994). Manipulation of genetic 
elements that results in alteration to protein or in changes 
in patterns of protein expression is termed generu engi¬ 
neering or recombinant Technology. Biotechnology is a 
science that has been used for thousands of years to pro¬ 
duce fermentation products such as been wine, yogurt, and 
cheese. In more recent bi story, microorganisms have been 

used to produce compounds such as antibiotics, vitamins, 
and amino acids (Demain and Swmon. 19811. Improved 


* unci ion and efficiency °f the microbe* used m biotechno¬ 
logy processes have been achieved by organism selection 
or natural mutation. With the availability of molecular 

biologic tools, production efficiency has been enhanced 
by genetically engineering desirable production traits into 
biotechnologic systems. 

Similarly, development of more efficient, high-yielding 
animals and plants wm once limited to selection and long¬ 
term hreedjrig programs. Although selection and mutation 

remain important tools, genetic engineering facilitates coo- 
^Unction of otganisms capable of producing a higher qual¬ 
ity and quantity of product Transgenic animals offer the 
prospect ot increased disease resistance, improved meta¬ 
bolic processing of nutrjems, increased growth potential, 
and in vivo production of useful compounds in natural 
secretions such as milk (Ward and Nancarrow, 1991. Pink- 
eil 1994). With the promise of genetic engineering, how¬ 
ever. have come many obstacles, especially when the ledi- 
nology is applied lo complex mammalian systems. For 
exampte* animals expressing a growth hormone transgcnc 
grow Suffer Nit alvn suffer from an array of problems 
related to overproduction of the hormone tHammer et aL 

3985). Undcrataitding and manipulating the behavior of 
transgenes will have important pharmacologic and molecu¬ 
lar therapeutic implications. 

Genetic engineering arid biotechnology offer many ad 
vantages to the medicinal and pharmaceutical chemistry 
industry. First, a wide range of biologic substances, includ¬ 
ing many immunotogically active factors, may now be 
produced in quantities sufficient to test their clinical effi¬ 
cacy. Innovative therapies for cancer, immunologic distu¬ 
ds. 1 in, inflammatury disea scs , and oihe rs ha vc occurred 

through :increased availability and testing of new biologic 

substances. A second .and related advantage is. that biologic 
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substance*. utwc available in only small amounts from 

tissue extraction, are now produced more economically ami 

with higher quality. Preparation of recombinant products 
has decreased the risk ul patient contamination with human 
or ammo! viruses derived during (issue extraction. For 

example, since >992, hemophiliacs requiring factor VIII 

Utili/c a revombinanl product free of potential ctnil ami na¬ 
tion wilh human i mm unde fie ie nc y vims {HIV) (Schwartz 
el id.* 1990}. 

Recombinant technology has also been used to bnproic 
the economy of production of existing therapeutic agents. 
In production of antibiotics, the extent of product formation 
is often determined by ratedimiting enzymatic reaction. 

Supplementation of the reaction with recombinant reagents 

ran increase the productivity of (he organism and the 
antibiotic yield Of particular importance to veterinary 

medicine is the potential for genetic engineering and bio¬ 
technology it' yield useful recombinant vaccine* for the 
prevention of viral, bacterial, and parasitic diseases. Dcvcl 
open cm of new vaccines is among the most active areas in 

veterinary biotechnology fYilma. 1994) 

I mally. hiotcehtiologic advances have led to an in- 

creased understanding of fundamental properties of genes 

and proteins Acquisition of sequence information through 
genome mapping coupled with major strides in protein 

crystallography have led to enhanced understanding of in* 
dividual proteins. Armed with detailed information on pro 
reins, pharmacologists and synthetic chemists have been 
successful in developing a number of important drugs, Ax 
a recent example, antiviral protease inhibitors have become 

available that, when used in combination with other drugs, 
bold great promise for the treatment of HIV and possibly 
other retroviral diseases (Cohen. 199b). These and other 

drugs could not have been developed as rapidly or as 
effectively without the knowledge gained from molecular 

biologic studies, 


Client Acceptance 

Biotechnology has engendered controversy centered on at 
least three issuer that may be of concern lo clients. The 

first is opposition to the use of animals in biomedical 
research, Animal rights activists defend the pm mi on that 
animal rights are equix stem to human rgho and that caus¬ 
ing animal di\comh>rt tir suffering lx impermissible no 
matter what the gains to society. Alternatively T proponents 

of animal welfare support Ilk- humane, conscientious use 
of animals in research if an experiment or study is well 
justified and peer reviewed and limits the use of animals 
to the smallest feasible numba within the design of the 
study In many ways, molecular biology advances have 
helped to decrease animal use by providing an array of in 

v itru testing and production sj stems that utilize prokaryotes 

rail*r than eukaryotes. For example, pharmaceutical and 
cosmetic companies have been criticized for the numbers 
of animals used in toxicologic testing of certain products. 
Over the past several years, companies have made an effort 
to reduce the number "i animals used m4 to rely more 
heavily on in vitro assessments 

The second issue of concern lo some clients may he the 
idea that scientists art' overstepping ethical boundaries by 


manipulating genetic material and creating novel recombi¬ 
nant organs son. Products that result from these processes 
may therefore, be objectionable. In practice, most cl nulla 

are not aware that a given product has a recombinant origin 
unless the product has received alien iron m the popular 

press te g., bovine somatotropin or growth hormone [bSTl k 
In the future, gene therapy and the production of large 
numbers of transgenic animals will Likely engender greater 
ethical debate with regard to the negative aspects of |&ntf$C 

engineering. Although these areas are currently limited, to 

veterinary research venues, clinical gene therapy trials with 
humans are ongoing. Regardless of the product or proce¬ 
dure. it is not the veterinarian** role to make ethical judg 
ments for the client Rather, The practitioner should be 

prepared to provide clear explanations of recombinant tech¬ 
nology that help the client understand the scientific origins 

of the product or procedure in question. 

A final issue, and perhaps die most practical, i% client 
concern over the safety of rocomhinani products. Mom 
client* arc unfamiliar with principles of molecular biology 
and therefore may be confused about the potential for 
recombinant products to cause harm. This is an immediate 
concern in food animal medicine because recombinant 
products such as hST have already been approved and are 

in w idcspttrad use. In the case of bST, consumers worried 

that (he recombinant bovine hormone could somehow 
cause hormonal changes in humans who consume bST 
containing meat* Multiple studies (Juskevich and Gayer, 
1990; NI{I Technology Assessment Conference, 1991} 

have shown this to be false, bui many consumers remain 
wary of the effects of genetically engineered products, 
especially hormones, in the food chain. Although small 
animal owners will have somewhat different concerns, they 
may also express reservations about the potential for re¬ 
combinant products to cause unexpected effects or revert 

to mutant” forms., The same types of concerns were 
expressed in 179ft when Edward Jctmcr introduced what 
was then the very Latest in medical technology, vaccination 

(Moss 1991). An English engraving from 1802 (Fig, 21-11 
suggests that many patients immunized against smallpox 

feared the emergence of box me qualities related to "he 
©uwpox derived vaccine. As with immunization* the con¬ 
cept of recombinant technology is becoming less alarming 
largely ns a result of client education. As a health profes¬ 
sional, the veterinarian should have an understanding of 

fundamental cell and molecular biologic principles in order 
it. adequately respond lo client concerns or questions. 


FUNDAMENTALS 



The structure of DMA contained in every cell in every 
living thing is fundamentally the same. This similarity 
among diverse kinds of organisms makes it possible to 
lake genetic material, from one species and recombine it 
with genetic material from another species The conserve 
lion of genetic processes employed by bacterial and viral 
cells and those of higher organisms has allowed scientists 

lo construct unique genetic molecules. Understanding how 
genetic elements are manipulated to produce recombinant 
drug* and vaccines requires familiarity wilh selected mo¬ 
lecular biologic tool* and procedures and with funda- 







Recombinant Biottcttfiologv in V'citn ihit> l'hiriufKiUin. 



Figure 21-1. English engraving by Jame 1 - tiiluv HiQ2) i>« M^>. 19911 mujjcoIifvji Ilia mumj jMiicnh Icanal the “wonderful cffcctv nr iflx- new, 

{vnullf«>K l iruvuljtim^ procedure, 


mental genetic processes in the cell (Lodish et aI.* 1495) 

(Fig, 21-2). 


Basic Cellular Processes 

Replication 

Replication is I he process by which strands of DNA arc 

copied tnu> exact copies during cell division Replication 

til lows the transfer nt genetic information in subsequcnl 
generations of cells Two strands of a DNA double helix 
uncoil through the action of sev er&l proteins and enzymes. 
With the uncoiled strands as templates, two complcmenuiry 
strands are formed by DNA polymerase-catalyzed pairing 
of new hun-s wiih template bases ithymine with adenine, 

ey I ovine wiih guanine) hlongaijnn of each new DNA 

strand occur* in the 5' to 3' direction. The net result is two 
DNA molecules, each identical lo die original double helix. 

The details of replication and the rale of the process 
depend on the complexity and type of parent organism 

Some prokaryotic cells replicate their DNA and divide in 
less than half an hour. Selected strains of Escherichia 
C4>li bacteria have been chosen by many scientist for 
development of recombinant products because the molecu¬ 
lar biology of this microorganism is well characterized. £ 
colt cells contain a single bacterial chromosome unbounded 
by a nuclear membrane The 4 million bases of this chro¬ 


mosome may be replicated in as little as 20 to 30 minutes. 

used in production of re¬ 
combinant pharmaceuticals are deemed sate and have been 

developed to prevent the escape of recoitibinam tools into 
an environment where their effects might iun he predict¬ 
able. “Safe" bacteria were originally designed to preclude 
replication and growth in mammalian systems hy imposing 
metabolic requirements for substances not present in the 
human gastrointestinal tract or by selecting for fragile cell 
walls thai burst m the presence of any detergent or low 
S.i|t concenM.jiiiui Ihe National Insiimtcs oS Health have 

developed regulatory guidelines for “safe” systems that 

allow classification of strains and organisms for recombi¬ 
nant use. 

Transcription 

Transcription I Fig. 2I-2B). the second fundamental pro^ 

cess in be considered, is similar to replication in (hat DNA 

provides a template lor construction of a new nucleic acid 

molecule, this lime RNA. A partially unwound section of 

DNA double hdix is recognized by the enzyme RNA 
polymerase. The unwound section begins and ends at spe¬ 
cific, well defined points and constitutes a transcriptional 
unit or gene. RN A polymerase catalyzes template-directed 

addition ul uudenmle buses i>i toon u growing Imnscnpl 

iwith uradL not thymine, complementing adenine). The 

pre-messenger RNA tpre-inRNA) transcript produceJ is 


All bacterial strains commonly 
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unintemipicd titid single ■stranded, Eukaryotic pre-mRNA 

is modified in the nucleus by n 7-melhv l-guanylale 


“cap" 


on the 5' end, a X poh A Ltd, and removal or splicing of 
sequences that correspond to introns in the DNA. Intmns 
are sequences of DNA that do not code for protein, and 
exons are coding sequences that are ultimately expressed 
in Ihe RNA transcript and protein product. following these 
modificalions, mature mRNA then travels to the cytoplasm, 
where the genetic code is translated to manufacture a 
specific protein 

Prokaryotic transcription is very similar to (he cukaryo 
tic process but is simpler. In bacterial DNA, genes are 
closely packed with very few gaps, and the DNA is tran 
scribed directly into mature, co-linear RNA. Prokaryotic 

rnRNA may be actively translated into protein while laier 
stretcher of the RNA are still being transcribed 


the physical site for translation of the rnRN A code into 
protein, liach “word" in the message is specified by a 
three base pair codon on the rnRNA that codes fur an 
amino acid carried b> a tRNA. Transfer RNA also has a 
sequence of Lhree nucleotides an anticodon, whose base 
components pair with Uk codon found on the rnRNA. 
When ihc tRNA hinds to the rnRNA codon at the ribosome, 
a spccilicd amino acid is brought into the assembly line 
to be transferred to the glowing polypeptide or protein. 

Completed proteins may be immediately functional or may, 
as is often the ease in eukaryotic systems, require further 
post-IranNational jnodilicatious in die endoplasmic reticu¬ 
lum or Golgi apparatus. Modifications may include trim¬ 
ming of signal peptides. addition and Hi mm mg of sugars 
to form mature glycoproteins, or addition of phosphate 

gmups. 


Translation 

Translation fFig 21-20 depends on the presence of 
rnRNA, ribosomes fand rihnsonial RNAtransfer RNA 
(tRNA), and appropriate protein factor* and enzymes in 

the cytoplasm of the cell or bacteria, Ribosomes provide 


Molecular Biology Tools 

Die introduction of recombinant DN A techniques hits revo¬ 
lutionised biomedical research Scientists now have the 
capability lo identify and isolate a specific gene and study 
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how it functions in normal and diseased stales. Certain gene is demanding; these types of basic seknee efforts lay 

tools can be used to combine a gene of interest from rme the groundwork for clinical application of recombinant 
organism with genetic material from a different, rapidly gene products. Many recombinant drugs or reagents used 




art- 





dividing organism in order lo produce large quantities of in 
recombinant protein for clinical use, Selected tools used in cells as hosts ami plasmids as sectors. The process of 


recombinant PNA technology include restriction enzymes 
to "cut and paste" together DNA from different sources 

vectors to transfer genetic material, and appropriate host 
cells to receive the recombinant construct fLodish ei al„ 


transferring a new gene to a bacterial host via a plasmid 
or phage vector is termed tramfnrtnotkm or irmsfct iUm. 
respectively. As shown in Figure 21-3. gene X is inserted 

or s 



into the gap in a plasmid 



by restriction 



endonucleases. DNA ligase seals the final connection he 


To facilitate manipulation of foreign DNA sequences tween gene X and the plasmid, 


enzvmatic tools must be used. Restrict ion 



Bacterial cells transformed with the recombinant plas- 


cut double-stranded DNA in precise locations, often leav- mid are then screened to ensure presence of the plasmid, 
ing **siicky'' ends that can be recombined with other DNA If the plasmid carrying gene X has been constructed to 
molecules, After cutting out a specified DNA sequence. include antibiotic resistance genes, growth characteristics 

on antibiotic-impregnated agar plates may be used for 


selection of plasmid-containing hacterta. To ensure that 

plasmid-containing bacteria retained gene X. additional nu- 


the fragment generated may be pasted into a new location 
by first cutting the new site with a restriction enzyme and 

inserting the fragment. The final pasting of the fragment in 
place occurs through the action of an enzyme called DNA cldc acid characterization techniques may he used (hat 


ligase that is capable of filling in the small gap left between 
the pasted molecule and the host DNA. 

A vector is commonly used to transmit foreign genetic 
material into a host cell Typical vectors used with many 
hosts include plasmids and bacteriophages. Plasmids are 
autonomously self-replicating, extraehromosomal. circular 


target specific gene X nucleotide sequences 


■ 


Nucleic acid characterization may be accomplished with 
several techniques. For example, samples of bacterial colo¬ 
nies growing on an agar plate may be transferred by over¬ 
laying the plate with a nitrocellulose filter. Portions of the 
bacterial colonies remain on the filter when it is removed. 


pieces of DNA. In clinical practice plasmids are best Further processing immobilizes DNA from each bacterium 

known for the role some play in transmission of antibiotic on Ihc filter, including gene X if it is present The filler is 

resistance among certain strains of pathogenic bacteria. then processed and incubated with a probe that is chemi- 


Wiih recombinant DNA technology, selected plasmids pro¬ 
vide conveniently engineered transport systems for move- 


call} or radioactive I y labeled Tile probe may 
complete coding sequence of gene X ia a 



me eh of foreign genes or DNA fragments into host cells. DNA fcPNA] probe) or may represent ait IK to 20 nucko- 

A bacteriophage or phage is a virus that infects a bacterial tide fragment of gene X (an oligonucleotide probe). In 

host, Phage can be used as earners or vectors for introduc- either case, if the labeled probe forms complementary base 

lion of a foreign gene into a bacterial host. Phage lambda pairs with sequences from gene X, it is said to hybridize 

is a common bacteriophage that infects E. t'oli and. via a to this sequence. Hybridization is specific and withstands 

lytic multiplication cycle, can generate hundreds of prog- washing of the filter to remove nonspecific probe binding, 

eny phage within each infected bacterial cell. Both plasmid In the final step of the screening, labeled probe is detected 

and phage vectors can be constructed so that infection of with chemical processing or autoradiography. All bacterial 

the host cell results in high levels of protein production colonies that contain gene X ore marked by a signal gener- 


from the foreign gene carried by the vector. 


ated by the hybridized, labeled probe. The same sequence 


As previously mentioned, E cati bacterial cells are of steps (transfer and immobilization of nucleic acid on a 

commonly used as hosi cells for production of recombinant filter followed by hybridization with a labeled probei may 


molecules, Other bacterial cells, yeast* and certain mamma 


he employed to detect electrophoreiically separated Frag- 


liart cells are also utilized. Although generation time and meats of DNA or RNA (Fig, 21-4) These techniques are 


simplicity of genome favor bacterial and yeast host ee 



termed Southern or Northern Moiling, respectively, and are 


some recombinant products must be expressed in mamma- important in the identification of nucleic acids in a variety 

lian cells in order to appropriately duplicate the desired of screening, cloning, and characterization procedures. 


protein. Post-translational modifications may he essential 


A final method that may be used for identification and 


tor full biologic activity of a protein and are typically amplification of specific nucleic acid sequences (in our 
accomplished only in eukaryotic sysiemv As a result, some example, gene X) utilizes the polymerase chain reaction 

products, for example recombinant erythropoietin, musi (PCRt (Fig. 21-5), This technique is not necessarily used 
be produced with cultured mammalian cells rather than tor screening bacterial clones but is often employed to 

more fully characterize cloned sequences. The IX’R tech¬ 
nique has also become an important diagnostic tool for 
detection of sequences associated with pathogenic organ¬ 
isms in clinical samples As with in vivo DNA replication. 

PCR requires a DNA template to copy (in this case, gene 


bacteria] hosts 


Production of Recombinant Products 


X), sequence-specific primers to initiate the copying pm- 
A simplified sequence for production of a hypothetical cess, and deoxynucleotide triphosphates (dNTPsi to incur - 
recombinant product from gene X is shown in Figure poraie into the newly synthesized DNA, 


21-3 (Lodish et al., 1995). Although not detailed here, the 


Finn, double-stranded DNA from a few gene X-eon 


process of identifying, isolating, and characterizing a given mining bacteria is denatured by heating to form single 
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Bacterial colonies 
|cl on es) com a uni n g 
recombinant plasmid are 
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Protein product cs isolated and purified 


stranded PXA template- Next, a pair of synthetic oligo¬ 
nucleotide primers is hybridized to the template DNA, 
Primers arc short segments of DNA complementary to the 

regions on either side of the template DNA to be copied. 
Hybridization between the oligonucleotide primers and the 
single stranded template DNA is facilitated by cool mg of 

the reaction mixture finally, dNTPs and a heal-stable DNA 

poly merase i usually Twj poly merase I allow for extension 

of the primers along the length of the single-stranded DNA 
template yielding two complementary strands of DNA. At 

the end of one cycle the quantity of DNA is doubled, and 
the amount of template potentially available for the next 
cycle is also doubled. As ihe three steps are repeated, a 
chain reaction of DNA production results thal exponen¬ 
tially expands the original template For example, 2H cycles 
of amplification of one double-stranded DNA sequence 
results in a theoretical yield of approximately I million 


double-stranded copies. Amplified DNA sequences can be 

visualized on cthidium bromide-stai tied agarose geh or 
characterized in a variety of other ways, often including 


nucleic acid sequencing 

The final step in the production of our hypothetical 
recombinant pniduct involves expression of the foreign 
gene (gene X in Fig, 21-3} in the host followed by purifi¬ 
cation of the recombinant protein. When the presence of 
the recombinant sequence has been verified, large popula¬ 
tions of this clone are grown, tn bacterial and yeast cells 

the expressed protein is often extracted from the whole 

organism. In some mammalian culture systems the foreign 
gene is engineered so that the expressed product is secreted 
from the cell and collected from the culture media. In 

either case, commercial production of recombinant prod¬ 
ucts requires stringent quality control and extensive testing 
for purity and stability at each stage of the process, Physi- 
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cal stability of a protein to unfolding, aggregation, and 
ik nat unit ioti u\ well as chemical stability lo oxidation, 
hydrolysis, rucemization, and disulfide exchange arc of 
concern with all protein products Additional concerns with 
recomhinani protein products include the ability of the 
genetically engineered culture system to resist mutation. 
Even point mutations in the genetic construct may result 
in a modified and biologically altered protein product. 

RECOMBINANT PRODUCTS 

Principles of Protein or Peptide Drug 
Therapy 

Compared with convcntHtnal small drug molecules, pro¬ 
teins and peptides have several unique features and nevttic- 
lions with regard to absorption, distribution and routes of 
delivery Successful therapeutic use of these agents depends 
on an understanding of their physicochemical and biologic 
characteristics, including molecular weight, biologic half- 
life. mechanism of degradation, and elimination and immu¬ 
nogenic it y. 

Absorption, Distribution, and Mechanisms of 

IK-gmdiJtiitn 

Size, polarity, and charge hinder transport of many proteins 
and peptides, which can range in size from less than h0(> 
to more than 100,000 daltons m their nonaggregated stales. 
Protein and peptide permeaUni across intact biologic mem¬ 
brane* N«c:h its gastrointestinal mucosa, ocular epithelium, 

and stratum comeum is very poor. Variable proteolytic 

decomposition in the gastrointestinal tract also contributes 

to slow and erratic oral absorption Most pharmacokinetic 

daiLi on prmcin drug* have been obtained after imnvascular 
parenteral administration. For the subcutaneous (SC), intra¬ 
muscular (IM), and iiuraperitoneal (IP) routes, two int L ha- 
nisms Largely account for drug absorption {Rowland and 
Torer, 1995). The lirst, diffusion through interstitial fluids 
and fenestrations in the linings of the vascular capillaries, 
is effective for small peptides (less than 5000 daltons). 
Larger polypeptides and proteins (greater than 20,000 dal- 
lons) rely on convective flow of interstitial fluids through 
lymphatic channels for absorption. Because lymph flow is 

slow, ataorptitm from nonvascular parenteral sites contin¬ 
ues for many hours. This offer* the advantage of prolonged 
input for short half-life proteins. For example, glycosylated 
recombinant human granulocyte macrophage colony-stim 
u taring; factor has a half-life of minutev after intravenous 
iIV) administration but has a prolonged plasma conccntra- 
tiarn of 42 hours after SC administration (Ho v guard et 
al., 1992). Although prolonged absorption allows for less 
frequent administration of drug, release into the systemic 
circulation may he variable based on site of injection, 
temperature, and degree of rubbing at injection site. 

Rapid degradation of peptides and proteins by pepti¬ 
dases and proteinase* in the liver, blood, kidney, and subcu¬ 
taneous tissues contribute* to the short half-Jife of most 
peptide and protein drugs. A* much as 20*3?- of subcutane¬ 
ously injected insulin has been found to be inactivated at 
the site of administration within 1.5 minutes (Reddy, 1992). 


Hepatic and renal clearance of rrnim peptides also contri¬ 
butes to short half-life. 

The relationship between drag and metabolite concen¬ 
tration as a function of time (pharmacokinetics) and the 
pharmacologic effects of a drug as a function of time 
(pharmacodynamics} are often more difficult to character¬ 
ize for protein and peptide drugs than for small drug 
molecules. Because many peptide and protein drugs arc 

very potent, detection Lind quantitation of tow hut relevant 

in vivo drug levels may 'be inadequate with existing analyti¬ 
cal methods. In addition, assay methods for biologic activ¬ 
ity of protein drags may yield more qualitative than quanti¬ 
tative types of data, making standardization difficult. 


The- successful design of delivery systems for proteins and 

peptides depends cm an understanding of the phyucochemi 
cal and biologic characteristics mentioned earlier. Although 
the oral route of administration is often preferred for 
smaller drug molecules, this route is usually ineffective for 

most protein and peptide drugs unless drug modifications 
are- made. Modifications may include formulation of drag 
with penetration enhancers and degradative enzyme inhibi¬ 
tor*. bioreveraible drug derivaiization. and controlled or 
sustained-release delivery systems. Although a complete 
description of these modifications is beyond the scope of 
This discussion, some definitions and principles are note¬ 
worthy (Reddy, 1992h 

Penetration enhancers are generally of four major types? 
chelating agents, bile salts, surfactants, arid fatty acids. The 
latter three types enhance absorption by increasing the 

fluidity of the cell membrane barrier. In comparison, chelat¬ 
ing agents, such as ethylcncdiammeLctraftretatc (EDTAL 

precipitate divalent cations and form complexes with pro¬ 
tein*: these complexes are thought iq act on tight junctions 
between cells, thereby decreasing resistance to paracelIular 

drug transport. Penetration enhancers are often formulated 
with enzyme inhibitors designed m prevent degradation of 
protein by pepti.da.ACs and proteinase*. 

Bioreversible derivatization involves conversion of two 
logically active peptides to inactive pro-drugs. Many pro- 
drugs are derivatized to act as transient transport forms 

that protect amide and disulfide bonds in the peptide. A 
pro-drug is sufficiently labile to undergo eventual bioacti- 
variun via etwytnalk hydrolysis, yielding the active drug. 
Hydrophobic derivatization has the added advantage of 
enhancing drug Iipophilicity and absorption. 

Carrier mediated delivery and controlled or sustained- 

release delivery systems also otter advantages for delivery 
of protein or peptide drugs, One earner-mediated system, 
liposome encapsulation, has been extensively studied Li¬ 
posomes .are microscopic vehicles formed when desiccated 
phospholipids hydrate and form bilayers in the presence of 
a drug-containing aqueous phase. Liposome encapsulation 
has the advantage of enhancing drug absorption while 
slowing enzymatic drug degradation, immunogenicity of 
the liposome itself and potential interaction with peptides 
and proteins are among the disadvantages of this system. 
Alternatively, controlled or sustained-release systems de¬ 
liver drug at .i predetermined rate for a definite period of 
lime. Degradable and nondegradable polymer heads have 


Drug Delivery 
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been designed as vehicles to dispense proteins or peptides 
into the body in a physiologic manner over time, Effective- 
ness of these delivery systems is highly dependent on the 

protein to he dispensed. 

Because the oral route of delivery presents various ob¬ 
stacles to protein ami peptide drug absorption, alternative 

routes of administration have been explored!, Some less 
conventional routes include nasal, buccal, pulmonary, traits- 
dermal, ocular, rectal, and vaginal. Protein drugs adminis¬ 
tered by these routes potentially encounter fewer proteo¬ 
lytic enzymes and for a shorter Urns' period. In addition, 
limited dilution of drug maintains a favorable concentration 
gradient for absorption, Although all of these routes show 
promise with selected drugs, it is not possible to accurately 
predict which route will be optimal for a given drug with¬ 
out extensive testing. The profile lor drug absorption will 
also vary between species, In general, protein stability and 
movement of large proteins through or around membrane 
barriers stilt present the greatest obstacles Examples of 
innovative approaches around these problems include Trans- 
derma I delivery by iontophoresis in which a constant, Jow- 
Jevel electric current is used to push drug through existing 
pathway s in the ^kin such as hair follicles and sweat glands 
(Davis. 1992). A related method, electroporation, uses ul¬ 
tras hort pulses to induce changes in underlying skin that 
allow drug passage. An enzyme-responsive transdennal 
delivery system for insulin administration has been pro¬ 
posed in which an insulin reservoir device generates an 
electric pulse io open skin pores, takes a blood sample, 
processes u using a glucose-oxidizing enzyme, and accord¬ 
ingly adjusts the release and delivery of an appropriate 
amount of insulin to the body. The financial incentives to 
design improved delivery systems for protein and peptide 
drugs has increased with the need to effectively utilize 
potent recombinant products in humans 


Immunogeni city 

A final therapeutic concern associated with administration 

of recombinant proteins and peptides is the body's pot cut nil 
immune response to these products. Factors that contribute 
to immunogenicity of proteins within homologous systems 
(e g., human recombinant products administered to hu¬ 
mans > include aggregation, Jcnaiuiatiou. presence of N- 

icnitinal methionine, incorrect or lack of appropriate posl- 

translational modifications, and amino acid substitutions or 
deletions. Maintaining fidelity of genetic constructs and 
protein products is important in limiting development of 
host antibodies to reenmhinant proteins, Successful use of 
recombinant human or murine products in different species 
|Le.. heterologous systems,) depends on conserved homol¬ 
ogy of amino acid sequencer between ihe two species. If 
sequence homology is poor, the product may be inhibited 

or blocked completely from binding to appropriate receptor 

populations in the target species. Homology differences 
may also lead to an initial therapeutic effect followed 
by antibody formation and loss of efficacy, anaphylactic 
reaction, or eross-reacnvily against the native protein in 

the patient. Recombinant human erythropoietin < rhEPO j 
and recombinant human granulocyte colony-stimulating 
factor (rtiG-CSF) both eventually elicit therapy-limiting 



antibody production in small animal patients 

1992; Lothrop et ah. 19H8), 

Table 21-1 lists selected recombinant products currently 
available or in clinical trials Ibr use in human or veterinary 
medicine. As is evident, most recombinant products avail¬ 
able or soon to be as uilable are designed for use m humans 
Recombinant human (iti) products already in use in small 

animals include rhEPO, insulin (rhlnh interferon o2A irhl- 


F«2A), and rhG-CSE. In addition, experimental and clinical 
veterinary' studies have been conducted using tumor necro¬ 
sis factor (rtiTNFh interleukin 2 frhlL-2), interleukin 3 


(rh IL- 31. and granu locyt e-macrophage colon y- st i mu luting 
(actor triiGM-CSFl- Recombinant canine and bovine G- 


< SI and GM-CSF are being used ev pen mentally but arc 
not commercially available Extensive studies have also 
been conducted into the safely and efficacy of recombinant 
bST* which was approved for use in the United Slates in 
1994. AI (hough only a few recombinant vaccines are cur¬ 
rently on the market, this is a major area for introduction 
of recombinant products in the near future. 


Hematopoietic Growth Factors 


Kecnmhmanl Human Erythropoietin 


Erythropoietin (epoetin alfa; EpogenMGiger. 1992; Adam¬ 
son and Esc h bach. 1990; Cow gill, 1991, J992) is a glyco¬ 
protein that stimulates red blood cell production. It is 
produced in die kidney and stimulates the division and 
differentiation of committed erythroid progenitors in the 
bone marrow. The correct generic name for rhEPO is 
epoetin alfa. Endogenous production of erythropoietin is 
normally regulated by the level of tissue oxygenation. 
Hypoxia and anemia generally increase the production of 

EPO, which in turn stimulates erythropoiesis. In patients 
with chrome renal failure, production of EPO is impaired 
and EPO deficiency is a primary cause of anemia. Recom¬ 
binant human EPO contains 165 amino acids and has a 


molecular weight of 30.4 kD. It has the same primary 

simcmre as human urinary EPO, and. its clinical efficacy 
has been well documented in human clinical mills The 


erythropoietic effects are dose dependent and stimulate a 

rapid rcticulocyiusU and sustained increase in hematocrit 

value, red blood cell count, and hemoglobin concentration. 
Significant improvement in quality of life and clinical well 
being are seen with resolution of anemia (Adamson and 



The ability of rhEPO to stimulate erythropoiesis in mice, 

ruts, primates, dogs, and cats has been documented under 

experimental conditions, In both dogs and eats rhEPO 

promotes initial retieulocyiosis and a rapid progressive 

increase in hematocrit value, red blood cell count, and 
hemoglobin concentration within 2 to 3 weeks of initiation 
of therapy (Fig, 21-6AJ (Giger. 1992). Recombinant hu¬ 
man EPO has no consistent effects on leukocytes or plate¬ 
lets in dogs but transiently increases platelet counts in 
individual dogs Cats show significantly increased platelet 
counts during the initial phases of treatment (Cowgill, 
1991). Most treated animals show improvement in quality 
of life in terms of appetite, weight gain, alertness, and 
increased energy. 
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Table 21 1. Selected flee tfnli want Products 


Generic Name- 

Trade Name 

Indicdtian 

Spec let 

Slatirs 

Immune i i- k 1 1 1 ,i i- -r 

Imctfrr in-at,4 

R of cron A 

( 4ikct therapy, arwh irai 

51 .mw,u 

Approved 

Lnlcrfcmn-a 2b 

ItUAHI A 

'. aricer ihcrap}'. aftfi irai 

Hmnu 

Approved 

tnlerferon^nlMS 

Alfenm V 

Antiviral 

Human 

approved 

Imeifenm-^ 1B 

Actiminunc 

1 mm y n f-l he ra p y 

Human 

Approved 

Inlcrirmn p 

Btttceron 

■ iti .. ■■ M l- :i;i;- 

Human 

approved 

liTU-rleiiki/i-2 

Proleukm 

Immuiiuhrrdpv, cancer rJhetapy 

Ham • hi 

Approved 

l-r; n i i .1 


rnununuthcrupv. cancer therapy 

Human 

Clinical Uial 

IniotgiJkiii-la and - lb 


Niwcr vaccjnc mpnnve 

Hmim 

Eii(%tinwnLal 

Tumor iKUfHh factor 


Cwatf lhfttpy 

Huh 

Cluneal iriil 

Hcmatopnirtu growth i, ■■■■"■ 

{jnnukcvTr chinny-stimulating factor 

Ncupugcn 

M J- ifkr*apfifr>ilim 

[■viraji! rKtinul.ml 

Human 

Approved 

GrumiW . I■ -BMP■■: 'i /1 tuluriy* 

-1 I'll I.L-I -.■ '1 1 ■ M 

Leukine 

Mvdiwupp region 

EniuninlimitLifU 

Human, canine 
huvme 

Approved 

Cr^thrupoLrtin 

kfuficn 

Anemia of nhnink Mfcitl 

discaiu; 

Human 

Approved 

tiwlic It pa IT 

E| i. :=■ it., growth t'octri 


Cnmeal repair 

Human 

Clinical trial 

Platelet-denied growth lacitn 


WrAEtlil V.i; 11 

Htldiian 

L 1 Mi ill triad 

transfonnmj growth factor §. anlagnR 


Wound healing 

Human 

Eipenmenui 

Him™ tm therapy 

liculffl 

Humuiin 

UHjbctcs 

Human 

Approved 

Orowflt hcimnnc 

Pmti 1 ipui 

Hypopiiuitsuy d w «tism 

Human 

Apr* mtd 


PUsilic 

Enhanced milk production 

Bovine 

Approved 

AlrtjJ. peptide 

v. 1 I.:i 

< 4tscsm< herft failure 

1 kim»n 

CtihCal trial 

Other 

Ti*wJr ptkxnHrfejgrft arlmviaior 

Activate 

Acme myocardial mfarctinn 

Human 

Approved 

Superui.idHf disrmiUM 


Acme myocaithaJ nforction 

1kunan 

Clinical kid 

DN Aw 

RfiJmrvymf 

CystK hkmM j mncolyu*. :i 

Chronic Niwhius 

Human 

Apfwxwed 


Adverse effects dial tnay be asAixiated witli rhEPO 

therapy include refractory anemia or eryihroid hypoplasia 
Prugrevsivc nonrespons j v e decreases in hematocrit value, 
red cel3 count. and hemoglobin concentration may occur in 

a-' mam as >0 C £ of treated animals after several (usually 
>4) weeks of therapy fPig. 2I-6B) (Adamson and Esch- 
bach. 1990) l aded erythropoiesi* ns assridated with the 
appearance of anti-rhEPO antibodies. Recovery from the 
antibody-induced anemia depends on ihc magnitude of the 
antibody liter, sis rate of disappearance, and the animal's 
cndogLiKKis ability to secrete crythmpoictin, Support via 


blood transfusions may be. necessary to return the patient 
to pretreaimem hematologic statu*. Other side effects may 
include polycythemia* vomiting. seizures, injeciion discom¬ 
fort. skin reactions. and systemic hypertension (CowgilL 


mil 

Pel owners should be counseled about ihc benefits anil 

risks of rhi PO therapy and provide informed consent be¬ 
fore tls administration- Treatment should be reserved for 

animals with overt signs of anemia and significantly de¬ 
creased hematocrit levels. In both dogs and calv an initial 

dosage of lOOU/kg SC' three times weekly will promote 
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Epoetin 

Marnienanc# 

100 U'kg 
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3 k weekly 



Iron sulfate 
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an effective response. This dosage is maintained until a 
target hematocrit value is attained (35% to 45% in ik>p, 

to 4W for cats) When ihe lower end of ihe largo 


hematocrit value is reached, dosage interval may he de¬ 
creased to twice weekly and eventually once weekly. 
Weekly dbsage of rhHPO may also be adjusted down dur¬ 
ing maintenance therapy. Supplementation with iron sulfate 


will foster the therapeutic response if iron availability is 
suboptimal. Weekly ot biweekly assessments of hematocrit 
value and clinical response should he made until the hema¬ 
tocrit value stabilizes. 


Recombinant human ERG is produced by mammalian 
cells transformed with the human EPO gene Ttve protein 

is secreted from commerciabsi/ed cu Mures of cells, 
from growth media, and formulated into the final product. 
No specics-specitic recombinant eryiluxipaicun products 
are available. 




Rccnnihinant Human and Recombinant Cnnine 

Granulocyte t olony-Stinnilaling Factor 

G-CSF is one of several hematopoietic factors that stimu¬ 
late proliferation and maturation of myeloid precursors 
in bone marrow 1 . G-CSF specifically stimulates neutm 
pi L-L Ui sufs and enhances antibody-dependent cytotoxicity, 
superoxide production, and Fc receptor expression. Limited 

stimulation of monocytes also occurs I Mishu ct al., 1992). 
Clinical trials m humans have shown that rhG-CSF reduces 
morbidity and mortality associated with mytlosuppression 
and neutropenia secondary to chemotherapy or bone mar¬ 
row transplantation, cyclic neutropenia, congenital agranm 

liieytdsja^ and infectious disea-scs such as H!V (Lieschkc 

and Burgess, 1992), Studies in cattle have explored the 
effectiveness of recombinant human and bovine G-CSF 
and GM-CSF in dealing with infectious disease processes 
when enhanced ncutmphi! response is desirable tKchrli et 

al, 1991 ). 

Recombinant human G-CSF (Ncupogen) administered 
to normal dogs al a dosage of 5 p.g/kg iwiec daily caused 

signiiieamly increased neutrophil counts as early as 12 
hours dial persisted for 2 to 3 weeks with continued rhG- 
CSF administration. Therapy was limited by development 
of antibodies lhal caused the neutrophil count to drop 

precipitously on about day 23 of treatment tLothrop et al., 

19HN I. Similar observations were made in cals treated with 
the rh product (Fulton et al., 1991), In both dogs and cats, 
FteutraIi/.idg antibodies limited prolonged therapy with rhG- 

CSF. Recombinant human G-CSF continues to he used 
clinically in veterinary medicine fen 1 slHirl tcrni therapy of 
neutropenia associated with chemotherapy or with acute 

infectious disease. 

Recombinant canine G-CSF as been found to be safe 
and effective in both dogs and cals (Obradovich ct al.. 
1991, 1993; Mishu et al., 1992k and therapy is not limned 
by development of neutralizing antibodies. A dose-depen- 
denl increase in neutrophil ami monocyte counts occurs 
when rcG-CSF is given SC at j. typical dosage of 5 jag/kg 
per day. Obradovich el al, (19911 re pone d initial, dramatic 
increases m mean neu tropin I counts in dogs {greater than 
30,(100^1,1 that occurred within 24 hours of the first dos¬ 
age. This was followed by a 5-day period of moderate 
increase or plateau with a subsequent rise to peak at 19 


days (mean neutrophil counts greater than 7O 1 0OG/p.Lk 

D^vvntinuatmn of rtO-CSF ailniinimioii fesulied in 

rapid decline in neutrophil numbers to a normal range 
within 5 to b days, Although dosage rales and mean cell 


counts have varied between studies. 




agree 


lhal a diTsenkpeiident increase in neuirophit and monocyte 



Counts occurs wkIkhji adverse effects as long us ivG-C! 
is administered, Figure 21-7 illustrates a typical, dose- 
depe intent, subtly biphasic response of normal dogs to two 


courses of rcG-CSF (Mishu el al.. 1992). The same study 

and others have demonstrated The effectiveness of granulo¬ 
cyte stimulation in cyclic neutropenia, autologous hone 
marrow transplantation, and during cancer chemotherapy. 
Jiolh the duration and seventy ol neutropenia induced by 
chemotherapy were decreased. 


Recombinant Human and Recombinant 
( a ni n e <i ranu kwyte- Macro p 1 1 a ge 
Colony -Sti mu la ting Factor 

GM-CSF stimulates production of granulocyte, macro¬ 
phages, and eosinophils and acts together with IL-3 and 
LI 3 !) to stimulate cry thread precursors and thrombogcncsis 
(Ogilvie, 1993). GM-CSF enhances cell killing functions 

of neutrophils, including oxidative metabolism, phagocyto¬ 
sis. lysozyme secretion, ami body-dependent cellular cyto¬ 
toxicity and ttmxmcidal cytotoxicity. Recombinant human 

GM-CSF (Leukine) has li tut led effectiveness in dogs as a 
result of neutralizing antibody production and possibly as 
a result of limited sequence homology between the luiman 

and canine factors. Recombinant canine GM-CSF at a dose 
of 30 pLg/kc per day. however, has been shown to increase 


70 -i 



Time (Uays) 


Fifiurn 21 -7 Segmented neutrophil cuuot of cljnu’jlly mnul dogi tbal 

wkerr pivci mil tiwip^s o) A&pfiibimni t^Aiiir giaiiutocy tc -smuu 

taing futnrr (kCCSF) W day* a$nir1 . - V j*jtAg. t|12h, fifm in-mtnvnl; 
and I jagAg, q!2b, soofid tmilment u = I jxgAg, i|IJh. rirfl uealmenl; 
and V piji/kg. kjE2h. M\imd irtilmtiil. (From Mislm L_ GtHuhan O, 
Alkhtwn Z, et al: Bffegis ot rec^nthfuni cjLfnrie ^^Likv.yit erthmy- 
*1] mu Idling taetiir mi H<hh 1 cell prudoiikw m dink,illv fhifirul jml 
neutropenic dogs, 1 Am Vd Med A»oc IVW2. 200: V^SX) 










A94 * A ThcrapcutiO Ajiprrach 


granulocyte count* (MaeEwen, 1995) Because GM-t SF 

simulates several cell types, good therapeutic potential ex - 
tats for its use in the treatment of a variety of diseases 
associated with neutropenia and anemia. Unfortunately 
neither recombinant canine G-CSF nor GM-CSF is cur¬ 
rently commercially available 

Other Hematopoietic (, ro wth Factor* 

Stem cell factor (SO), also referred to as mast cell growth 
factor and ligand for c -Jtr'r tan oncugene-encuded receptor], 
fejnes as ait early hematupoiet c growth stimulus. Consis¬ 
tent with findings in other species, recombinant canine -SCI 

(rcSCF) lias less effect on neutrophil counts in dogs than 
rcG-CSF or rhGM-CSF I Dale et al., 1995). When adminis¬ 
tered alone, rcSCF treatment was only effective in high 

doses anil was often accompanied by adverse side effects, 

including acute muzzle edema and chronic dermal indura¬ 
tion with basophil accumulation. Treatment of cyclic neu¬ 
tropenia with ttSCF 120- to 50 jig/kg per day? and rtG- 
CSF (0.5 to l jjtg/kc per day) increased mean neutrophil 
counts syncrgisiically, suggesting that combination proto¬ 
cols may he of some value in selected cases (Dale cl 

al„ 1995), 

Macr« 1 phage eolotiv-stintula1 1 ng fat:tor (M -CSF) has 

been shown to increase circulating monocytes and pro¬ 
monocytes in humans, The human product doc* mi appear 
to be active in dogs tMacEwcn. 1995). 


Hormone Therapy 


Recomhibint Human Insulin 


Insulin is composed of 51 amino acids arranged m two 
polypeptide chains, designated A and R. which are Linked 

together by two disulfide bridges. Insulin is synthesized 
and secreted by the (i-cdh of the pancreas via two inactive 
precursors, prcproinsulin and proinsulin, which arc sequen¬ 
tially cleaved to form the active hormone (Chance, 1981). 
Insulin therapy is essential for treatment of type 1 or ut&y- 
Hn-depcndcnt diabetes meilitus (IDDM), which is the most 
common form of the disease in dogs and. 50% to 70U 


of cats. 


Commonly available commercial insulin preparations 
are categorized by onset, duration, and intensity of action. 
Regular crystalline insulin has a very rapid and short-lived 
effect compared with intermediate-acting preparations such 

as NPH (isophanei or Lcnle insulin. Protamine zinc insulin 


(PZI> and L'Uialcntc Insulin arc considered long acting. 
Mixtures of short- and long-acting insulins have been de¬ 
veloped to more closely approximate the physiologic d 
fccts of endogenous postprandial insulin release. In all 

cases, the therapeutic effects of insulin admmisLnrtion will 
vary somewhat between individuals (Chancei 198 l K 

Various preparations are available for each type of insu¬ 


lin to be used. Until the early 1980s, all insulin was 
prepared by extraction of bovine or porcine pancreatic 
tissue with subsequent hormone purification. The increas¬ 
ing incidence and diagnostic detection of diabetes world 
wide, coupled with changing trends in food animal markets, 
simulated pharma ecu lie a I companies to wck alternative 


sources of insulin independent of animal glands. By the 

mid-1980s, recombinant human insulin (rhln; Humulin) 

began to he produced by a process involving ibc enzymatic 

conversion of the biosynthetic precursor of insulin, human 
proinsuhn. The human gene f« p»snsulin is inserted imo 

E. rr>Vr bacteria and grown in a fermentation process. The 
fermentation step is stopped by heat sterilization to elimi¬ 
nate any possibility of contamination by £. coli organisms. 
The connecting or C peplidc is then enzymatically cleaved 

from the human proinsulin to produce human insulin. Re¬ 
combinant insulin has been extensively studied in human 
patients mv, to insulin therapy and in patients transferred 
from onimaE source insulin. -Studies have confirmed the 
efficacy, safety and favorable pharmacokinetic and immu 
nogenic profile of rhln in people (Chance 1981). 

Although all types of commercial insulin may be admin¬ 
istered to dogs and cals, the immunogen icily of insulin 
products may vary as a result of species-related differences 
in insulin homology. Canine, hurt urn. and porcine insulin 
have a high degree of homology, while feline insulin is 
more closely related to the bovine hormone (Ha) Idem 

198b), Ii has been suggested that an initial, mild anti¬ 
insulin response may prolong the duration of action by 
interfering with insulin degradation (Both, 1984 k Hence, 
some recommend initial utilization of beef/pork insulin for 
the dog and cut in ordei to elicit a mild antibody response 
against die beef (in dogs) or pork fin cats) component. If 

problems with insulin resistance develop, however, selec¬ 
tion of the most: homologous product is recommended for 
each species (recombinant human product for dog and 
purified bovine insulin for cats) (Nelson, 1995). Availabil¬ 
ity of beef and beef/pork insulin preparations has become 
more limited in the past few years, Bmh PZI and beef/pork 
1 lu .italic Insulin have been discontinued by Lilly. Human 

recombinant Ultrulenlc (Humulin- LJ, Lilly) and purified 
beef ULtralentc (Squibb-Novo| remain available. 


Growth Hormone 

Growth hormone (GH; somatotropin, Norditropin) is se- 
creted by somatotropes in the anterior pituitary gland and 
acts, at least in pan, by stimulating hepatic generation 
of insulin-like growth factor-1 (IGF-1) (Matthews, 1991). 
Growth hormone is secreted in response to declining blood 
glucose levels and is suppressed when blood glucose is 

high. Clinical disorders of growth hormone secretion or 

function may result in dwarfism (GH deficiency) or acro¬ 
megaly (GH excess). 

In dogs, growth hormone deficiency con occur as. a 
primary endocrine abnormality resulting in pituitary 
dwarfism or ns m acquired deficiency leading to GH- 

dependent dermatosis. In either case, therapy involves GH 
replacement. Recombinant human somatotropin (Hums- 
trope) and recombinant bovine somatotropin (bST; Posi- 
lacI. as well a> n therapeutioity equivalent drag, recombi¬ 
nant human niet-growth hormone (rh-metGH, Procropirt), 
art available Both human md bov me GH arc biologically 
active in the dog and may be administered at a dose of 
0,1 lU/kg SC three times weekly for 4 to 6 weeks. Epiphy¬ 
seal plate closure may limit alteration* in body stature in 

response to GH administration. Dermatologic responses 
ma) be seen within 4 to fi weeks itt the form of visible 

CoDvriahted n 
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hair growth. Adverse effects of GH therapy in dogs may 
include transient or permanent diabetes mdtilus second an 

in elevated somatotropin levels ami development of neu¬ 
tralizing antibodies to heterologous GH (Wilkens et al.. 
I996 l In all eases, animals with GH deficiencies should 
be thoroughly evaluated for other endocrine imbalances 
and treated accordingly. The effects of recombinant canine 
somatotropin on the metabolic and histologic aspects of 
bone healing have recently been investigated in dogs (van 
Herpen et al . 1994)* With an unstable osteotomy gap 
model, recombinant canine GH was shown to enhance 

bone healing and 10 tiller a potential for treatment of 
fractures in metabolica!ly compromised or geriatric pa¬ 
tients. 

Although a discussion of bST is beyond the scope of 
this chapter, it is worth noting that this is the mostly widely 
used recombinant veterinary product. This product has been 

approved for several years in some countries and in the 

United States since 1994, A large amount of data has been 
collected regarding the optimal use of bST in a variety of 
husbandry conditions. Studies conducted by the National 
Institutes of Health* the state of Wisconsin, lire American 

Medical Association, the Endocrine Society, and the Amer¬ 
ican Council on Science and Health have all concluded 

that milk and meal from bST-treated cattle are safe for 

human consumption, A number of reviews of hST are 
available (Ju&kcvich and Guyer, 1990: NIH Technology 
Assessment Conference, 1991). 


Immune Modulators 


Molecular biologic tools have greatly enhanced our ability 
tti identify and begin to understand the function of multiple 

factors involved m immune responsiveness Recombinant 

preparations of potent immune modulators have been in¬ 
vestigated in cancer therapy and in die treatment of infec¬ 
tious disease. As indicated in Table 21 J, a number of 
recombinant immune modulators are available for use in 


human medicine A handful of these have been investigated 
and are heing used in veterinary medicine. Despite the 

promise, relatively few recombinant immune modulators 
have had a significant impact on veterinary therapeutics. 


Keen mb inuni Hu in an Interfcron-culA 

Interferons are a family of glycoproteins produced by leu¬ 
kocytes and macrophages l interferon-a |IFN-a|) fibroblasts 
and parenchymal cells (IFN-P), and anfigcnically or milo- 
genicatly stimulated lymphocytes (IFN-y) r These three 

I ami lies of glycoproteins are know n to cause diverse auto i- 

raJ, an Li tumor, and immunomodulatory effects. Although 
the effects of IFN-y and IFN |3 tend to be more species 
specific, recombinant human IFN-&2A (Roferon-A) has 
been found to be effective across species lines and has seen 
the widest use (Moore, IWftj, Feline interferon (rfTFNl has 
been produced in silkworms infected with rccnmhmanl 
bacu In virus encoding a feline interferon eDNA. Recombi¬ 
nant IIFN from this system is a mix lure of alpha, omega, 
and beta types and has been shown to have similar pharma¬ 
cokinetic properties to human interferons and to have anti¬ 
viral properties (Ueda et al, 19931 


Interferon -a has been used most extensively and in a 
variety of applications in veterinary medicine. The respon¬ 
siveness of domestic animal cell lines to different riilFN 
preparations showed die follow ing order of decreasing sen¬ 
sitivity to rhlFN-ti: bovine, ovine, porcine, feline, equine, 

and canine (Bridgman et al, 1988), Besides species sensi¬ 
tivity, additional considerations in the therapeutic use of 
IFN-a include selection of recombinant product over natu¬ 
ral IFN preparations, high versus low dosage regimen, and 
route of administration. 

Natural interferons generally consist of a mixture of 

multiple interferon subtypes lhai differ slightly in composi¬ 
tion and biologic activity. Recombinant products must rely 

on the biologic activity of a single molecular IFN type and 
therefore may demonstrate less inherent activity in a given 
species, As a result, recombinant IFNs, which must he used 
at a somewhat higher comparative dose, may he more 
likely to induce a neutralizing host anti-IFN antibody re¬ 
sponse with chronic use (Moore. 19%), 

Multiple studies have shown that high doses of inter¬ 
feron may cause adverse effects, including hy pen he mu a, 
anorexia, and malaise; these effects may be related to a 
self-destructive host infiaimnatory response or to mmiuno- 
suppression. High doses also exacerbate the problem of 
iinti-IFN antibody production and appear to promote IFN 

resistance* In comparison, low doses (0.1 to 4,0 lU/kg) of 
IFN-a have proved beneficial in the treatment of acute and 

chronic viral infections in humans and animals | Stanton et 

al., 1987; Georgiades, 1993), 

The side effects associated w ith high-dose IFN treatment 
arc more likely it> appear when IFN is parenteral I y adminis¬ 
tered, Alternatively, oral interferon administration, although 
seemingly an unlikely route for absorption of protein, has 
been shown to be effective hy altering oropharyngeal - 
associated lymphoid tissue. Orally administered interferon 
is thought to trigger release of soluble cytokines, such as 
interleukin-1, from oropharyngeal macrophages and lym¬ 
phocytes, These cytokines in turn modulate systemic im¬ 
mune function by recruitment and stimulation of lympho¬ 
cytes that cause a significant amplification of IFN’s 
biologic effect. Hence, IFN acts less as a ty pical circulating 

therapeutic agent and more as an external trigger for endog¬ 
enous biologic responses (Weigent et aL, 1984; Bocei, 

1991). 

Treatment of several viral diseases of the cat. including 
feline leukemia virus (FeLV). feline immunodeficiency vi¬ 
rus, and feline infectious peritonitis, has been augmented 
with interferon with varying success. Oral riilFN-a is com¬ 
monly administered at a dose of 30 l per cal per day for 
l week; maintenance therapy may include alternate-week 
interferon treatment. Experimental and clinical studies have 
reported that low doses of rhlFN-o prevent disease devel¬ 
opment in cats experimentally infected with FeLV (Tomp¬ 
kins. 1988: Weiss, 1991), Combination therapy using zido¬ 
vudine (3 -azkk>- 3' -deox ythymidinc) and rhIFN-o to treat 
established FeLV infection resulted in a significant reduc¬ 
tion in circulating virus during a 49-day treatment period. 
The antiviral effect of this treatment was limited by produc¬ 
tion of neutralizing antibodies to IFN, Additional studies 
suggested that a combination of rhlFN-ci, zidovudine, and 
adoptive lymphocyte transfer served to reconstitute antivi¬ 
ral humoral immunity, counteract immunosuppression, and 
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induce rcvcrvul of reirovircmia in four of nine cats receiv¬ 
ing combined therapy (Zcidncr et al. T 1993 h A retrospec¬ 
tive studs of feline ocular disease attributed to herpenvirus 

showed no clear advantage to inclusion of oral IFN m 
treatment protocols; however, the number of cats receiving 
oral IFN was tow (n = 3i, and treatment protocols varied 

iStild, 1995). 

Although in vitro sensitivity of canine cells to rhlFN-ct 
is low, anecdotal report* suggest that rhlFN-a i* effective 
in the treatment of selected viral diseases, including pur* 
voviral enteritis (Kolokolteox et id.* 1993).. 

Recombinant Human Tumor Necrosis factor-** 
and Recombinant Human lnttrktikln-2 

Cytokines are a diverse group of proteins produced by a 
number of cell types »Paul and Seder, 1994i. These proteins 
are critical in the regulation of immune responses and in 
the differentiation of various T-uelJ subsets. Several cyto 

lines haw been cloned from a variety of species; recombi¬ 
nant products developed for clinical use in humans are 
listed in fable 21-1. Recombinant hlL-2 and rhTNF have 
been investigated for use in veterinary medicine 

interleukin-2 is produced by anti gen-stimulated or mito¬ 
gen-stimulated F cells. Interleukin! functions are not con¬ 
sidered species specific and include stimulation of CD4 + 
and cm+ cell growth, partial regulation of B-celI devel¬ 
opment, and stimulation of lympholtinc activated killer 
cells, Interleukin-2 is a member of the hematopoietin fam- 
ilv and is therefore similar in structure to 11.-4 and GM- 

CSF ! David. 1995; Helfand el »L 1992). 

Tumor necrosis foemr-a is one of the mod abundant 

substance* produced by macrophages and i.s also secreted 
by activated T cells, natural killer cells, and mast cells 

(David, 1995) Tnterferon-y endotoxin, and migration inhib¬ 
itory’ factor stimulate FMF production. Tumor necrosis fac¬ 
tor mediates responsiveness to lipopolysaccharide and 
therefore plays a primary role in hosi defense against gram- 
negative bacteria. Responses to low-dose Iipopolysaccha¬ 
ride include enhanced macrophage function, activation of 

B cells, and fever Tumor necrosis factor participates in the 
protective inflammatory response by inducing expression 
ot adhesion molecules ami cytokines and by activating or 

enhancing the function of neutrophils, macrophages, and 

eosinophils, h is cytotoxic to tumor cells in vitro and 
causes hcmorrtLagic necrosis of tumors in vivo. The effects 
of TNF arc considered to be largely species nonspecific 
(Helfand cl aL 1992) 

Recombinant human 11,-2 has been shown to increase 
tumor-directed cytotoKtc activity of canine peripheral blood 

mononuclear cells m vitro tJandine el aL 1989) evert at 

low, clinically relevant dosages (Helfand et aL 1994). 
These studies led to examination of IL-2, alone und in 
combination with other cytokines, as an immune therapeutic 

agent in tumor-bearing dogs. Sequential administration of 

rhTNF and rhIL-2 to dogs with cancel revealed synergistic 
immunologic and antitumor effects (Jeglum et aL. 1990; 

Moore el ah. 1991). A maximally tolerated dose of rhTNF 
of 125 mg/m- for 3 days followed by 1.5 x l(T U/m 3 rhlL- 

2 .ST’ for 9 days was determined i Moo re et at,, 1991). 
Limited or no toxicity was reported for rhlL-2. whereas 
common tuxicities associaied with TNF administration in* 


eluded fever, nausea and vomiting, weakness and malaise, 

and. infrequently, mast cell dcgranulatiuti deg turn et al., 
1990). Thus far. mast cell tumors and oral mucosal mela¬ 
noma arc the only canine tumors found to be responsive to 
IL-2/TNF therapy (Jeglum et aL 1990; Moore et al.. 1991). 



Because principles of immunology are critical to an ade¬ 
quate understanding of vocc inology, this topic is often 
considered in immunology rather than pharmacology texts. 
Although .ui in-depth discussion of immunology fundamcn- 

tals is beyond the scope of this text consideration of the 

contribution of recombinani technology to the science of 
vaectooLgy is important. 

A vaccine is a collection of inununostimulatory determi¬ 
nants delivered to antigen-presenting macrophages, anti¬ 
body-secreting B cells, and helper, effector. and cytotoxic T 
■cells. For optimal effect, vaccines should induce immediate 
effector responses in addition to induction of anamnestic 
protection on future exposures (Hilleman, 1994) Ideal vac¬ 
cines are safe, effective, ami practical regardless of the 
technology utilized to produce them. Safety depends tin 
purity and freedom from adventitious agents or chemical 

contaminant!* low or m probability for transmission of 
live .agents- to secondary hosts, tack of integration or recom¬ 
bination of vaccine elements with host cells, lack of onco* 

genic qualities, availability of reliable procedures for qual¬ 
ity control, and acceptably low environmental impact. 

Efficacy is reflected in patient protection with lasting hu¬ 
moral and cellular immunity, genetic stability of vaccine in 

composition and expression, and predictable ami reproduc¬ 
ible clinical response*. Practical issues that should be con¬ 
sidered in vaccine development include ease of administra¬ 
tion, number of doses needed lor effectiveness, 

polyvalency, ability to distinguish vaccinated animals from 
recovered carriers, stability during storage and transport 
te.g„ heat lability), and reasonable cosL-to-benefil ratio 

(Hilleman, 1994). 

Vaccines are traditionally eategori/cd as nonreplicating, 
inactivated (killed), or attenuated live, Recombinant tcch 
no logy is now important in the production of selected 
vaccines in both of these categories (Yilma, 1994). in the 
inactivated vaccine category, recombinant technology has 
facilitated production of specific vital proteins 10 moke 
subunit vaccine*. The first recombinant vaccine was devel¬ 
oped and approved for uye in bunions in 1984 based on a 

genetically engineered hepatitis B surface- protein as the 
immunizing antigen (McAleeret al„ 1984). An important 

veterinary vaccine against FcLV (Gcnctivac) was similarly 

developed by expression of the cloned gem* for major 
envelope glycoprotein, gp70 FcLV subgroup A. in / . aii 
(Mordant cl aL 1991). A recombinant subunit vaccine to 
envelope glycoprotein of feline immunodeficiency \im$ 
was developed but has not proved effective (Tozzini et aL 
1995). Advantages of recombinant antigen production for 
vaccines include purity of final preparation and high con 

.vrl ration of selected, presumably optimally antigenic, de- 

temunanis Compared with nonrecombinant killed virus 
alternatives, recombinant vaccines may contain 10-fold to 

1000-fold more potentially reactive protein. A disadvantage 
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associated with recombinant subunit vaccines, however, 
relates to the poor immunogenicity of small, pure protein 
preparations (Yilmu, 1994k A key feature of the efficacy 

of recombinant subunit vaccines therefore lies m ihc proper 

selection and inclusion of immuntislimulatory, adjuvant 

substances. Adjuvant substances may include determents 
(c|„ a saponin derivative is Used in Geneti v ae). peptides, 
cloned cytokines, and a number of other proprietary sub¬ 
stances. 

Compared with inactivated (killed) products, attenuated 
live vims vaccines otter enhanced immunogenicity related 

to increased antigenic stimulation as a result of viral repli¬ 
cation within the host iHillcniau, 1994). This advantage 
may be offset in some cases by the greater lability of 
live virus products, necessitating refrigeration, and by the 
possibility of disease induction in debilitated animals. Re¬ 
version of attenuated viral strains to virulence* or mutation 

to new strains in the patient or arthrofHxl vector, may also 
be of concern. Many methods of viral disablement have 
been utilised for vaccine production. Attenuation may be 
accomplished naturally by adaptation of live viruses to 

different species (e g., use of a vaccinia virus, coupon, to 
immunize humans against smallpox) or by chemical or 
genetic means. Genetic engineering in the form of site- 

directed mutagenesis has been used effectively to inactivate 
viruses for vaccine production t Hi lie man. 1994). 

Besides application of recombinant technology in ihc 
production of traditional inactivated and attenuated live 

vaccine products, a new generation of recombinant live 
agent, vectored vaccines, is on the horizon l Yilnia, 1994). 
Recombinant live agent, vectored vaccines are produced 
by the insertion and expression of heterologous genes for 
i mmu nnl ngjca I ly relevant substances in a variety of vec¬ 
tors The immunizing antigen is therefore produced in the 
context of a replicating, itonpiithogenic vector without the 
threat of disease induction. Expression vectors have been 

derived from virus, bacteria, yeast, and animal cells; viral 

vectors that have been utilized experimental!) include pap¬ 
illoma, jdeno. herpes, retro, pox, and baculovirus (a virus 
that infects insect cells) tYilma. 1994), Although many 
products are under development, and a few have been 
approved lor commercial use. experience with recombinant 

vectored vaccines has made it clear that factors eliciting 

protective responses are more complicated than first be¬ 
lieved. In particular, mode of presentation of antigen within 
host tissues appears to be of equal importance with selec¬ 
tion of immunizing antigen construct iZarknga, 1994). 

A complete explanation of all expression systems is 

beyond the scope of this discussion; however, one system, 
vaccinia virus (VVh serves as a good example to highlight 
some of the advantages potentially offered by recombinant 
vaccines. Vaccinia virus has a wide host range, allowing 
viral replication and foreign gene expression in a number 
of hosts, Lyophilized VV is heat stable, can be reconstitu¬ 
ted easily, and can he administered by several mutes. The 
large genome of VV allows for a number of insertion sites 
for foreign sequences This in turn raises the possibility of 
multiple gene insertions resulting in a polyvalent vaccine 
capable of immunizing simultaneously against many dis¬ 
ease agents (Moss, 1991). 

The strategy for using VV as a vector involves first 
construct mg a plasmid earning a chimeric gene with three 


important elements, "Hie first clement is a VV promoter; 
promoters are regulatory sequences positioned upstream of 
(also referred to as .V to) the gene of interest Transcription 
factors bmd to sequences in the promoter region to regulate 
expression of ihe second important element of the plasmid, 
the foreign gene* located downstream to the promoter, 
Finally, the prumolcr/genc construe! is flanked on either 
side by DSA from a nouessential region of the VV ge¬ 
nome. The genetically engineered plasmid is then intro¬ 
duced into tissue culture cells infected w ith wild-type (wt) 
VV, The chimeric plasmid gene is incorporated into the wt 

VV genome by homologous recombination made possible 
by the VV flanking regions in the plasmid construct Re¬ 
combinant viruses are identified and isolated from wt vi¬ 
ruses in a vuriet) of ways, depending on the details of the 
recombinant construct (Yilmu, 19941. 

Ihe strategy described has been used to develop a num¬ 
ber of experimental products* including a promising vac¬ 
cine against rinderpest 1 Yilmu et al.* l9tfH)< and an approved 
rabies vaccine (Brochier et a]., 1995), A recombinant VV 
expressing the glycoprotein of rabies virus (VVTGgRAB) 
has been developed and used for oral immunization of 
w ildlife. Five campaigns of fox vaccination using oral bails 
look place between 1989 and 1991 in Belgium (Brochier 

et al.* 1995). These efforts produced a drastic decrease in 
the incidence of rabies and the elimination of the disease 

from of the initially infected area. Follow-up studies 

of these cil*i-i' assessed the risk of recombination between 
engineered vaccine virus and oilier onhopox viruses in the 
target fox population. Although these studies were not 
comprehensive* findings indicate that the risk of recombi¬ 
nation between vectors and endemic viruses in foxes was 
low (Crouch el al,* 1995). 

Although many recombinant vaccines show great prom¬ 
ise, the ability of a specific preparation to stimulate a 
protective immune response depends on immunogen icily 
of the expressed protein and production of neutralizing 
antibodies. As previously noted, high!) successful vaccines 
may depend on innovative combinations of genetic con* 
streets with other immunosiimuluiory agents. Both ITN-y 
and 11,-2 genes have been inserted into live agent recombi¬ 
nant vaccines to further attenuate the virus ami to enhance 
immune stimulation tYilma, 1994k These and other efforts 
are essential to the ultimate success of man) products now 

under deselopmem. 

An increasing!) promising area of recombinant vaccine 
development is referred to as DMA immunization. In this 
method, intramuscular or subcutaneous injection of naked 

plasmid DMA containing a gene of interest was found to 

result m direct in vivo gene transfer (Krishnan et al.. 1995), 

A bioJistic DMA gene gun that propels plasmid DNA into 
the skin has been used in man) of these studies. Although 
a low- number of cells at the injection site internalize the 
DNA, expression of the plasmid is often persistent over 
several months or longer. In the ease of gene gun delivery 
to the dermis, expression of plasmid in Langertians cells is 
thought to play an important role in successful! antigen 
presentation (Webster et al., 1994). In the systems studied* 
expression of heterologous genes was topically not a result 
of chromosomal integration of the plasmid DNA but re 
suited from autonomous expression of plasmid sequences 

(Krishnan el al., 1995). 
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DNA immunization has potential advantages because 
expression of antigens in their native forms improves pro 
cessing and presentation to the immune system. Efforts 

have been made to entrance immunogenicity of ex pressed 
antigen* by inclusion of short inununostimulatory DNA 
sequences within plasmid constructs (Sato et al, IV%). 
An additional advantage of DNA vaccines is prolonged 

expression of Miligen at injection sites that may decrease 
the total number of vaccine doves needed for protection. 
As with recombinant vectored .systems, potential polyva¬ 
lency of DNA products and ease of vaccine administration 
are desirable. Although no veterinary DNA vaccines arc yet 
available, many influent studies with constructs ultimately 
designed tor human use have been accomplished with the 
ferret as an animal model (Donnelly, K 

Advances in immunization have not been limned to 

antiviral products. Major efforts have been made to utilize 
recombinant technology to produce effective parasite and 
bacterial vaccines as well tZarlcnga. 1994), Production of 
a recombinant antigen vaccine .against infection in sheep 
with the parasite Taenia ovLs was the first effective. inacti¬ 
vated product against a parasitic infection in animals or 
humans iLightowlers and Rickard, 199,1). Initiatives to 
develop vaccines against arthropods have resulted from an 
increased problem with insecticide resistance and with pub¬ 
lic outcry against potential chemical contamination caused 
by insecticides. Although a number of products are under 
development and divert strategic* are being employed to 

add more, only a few vaccines have been shown (o be 
efficacious. Perhaps the best example at present is a vaccine 
based on a recombinant antigen derived from the cattle 

tick* BiX-iphthts mnroplus, carrier of a number of tattle 

fevers (Kay and Kemp, 199*4). Experimental vaccination 
of dogs with a recombinant gene product derived from the 
tick-home spirochete SomeUa burgdorferi has been used 
to impede Lyme disease (Chang et al.. 1995). Oral adminis- 
(ration of recombinant allergens derived from arthropods. 
such as (lea or house dust mite, have been used experimen¬ 
tally to try and induce tolerance to sensitizing antigens in 

dogs (Deplazes et al., 1995), 

Monoclonal Antibodies 

Monoclonal amihodies (MAb*i have been extensively in¬ 
vestigated foi llie treatment of cancer As early as 1895, 
investigators injected cancel cells into ultimate to develop 

antiserum for treating sarcoma patients. Later, Paul Ehrlich 

proposed that "receptors" were secreted by cells of the 
immune system in response to foreign anti gens, fhese 
receptors, m antibodies, were believed to target proteins. 

that is. antigens associated with malignant cells (Himmel- 
weii, I957) r Immortalization of antibody-producing spleen 
cells by fusion with mouse myeloma cells was accom¬ 
plished in classic experiments by Kohler and Milsteio 
(1975) that represented a major technologic breakthrough 
in MAh production. 

Effective, murine antibody -based cancer therapies have 
been complicated by production of patient anti-idiotypic 
antibodies that neutralize the murine MAb and cause its 
rapid clearance from the circulation. The science of MAb 


production has advanced from the hyhridoma technology 
of Kohler and Mil stein (1975) to the production of "hu¬ 
manized" therapeutic antibodies designed to escape host 

an riant) body defenses. Recombinant technology has been 
used to engineer complete antibodies containing therapeuti 
cally desirable constant and variable regions. 

Production of MAbs has been accomplished in a variety 
of ways, but high-level antibody expression remains a 
challenge to expanded application of MAb in therapeutics. 
Recombinant antibodies have been produced in various 
eukaryotic systems, including production in the milk of 
transgenic mice and goats f Bebbi ngtnn, 1995). Large-scale 
production at MAb* bits been accomplished in dairy ani¬ 
mal- by mteroinjection of fertilized eggs with a DNA 

construct in which the genes encoding heavy and light 
chains of the antibody arc linked to a milk-specific pro- 
rooter Transgenic females resulting from this process are 
capable of producing recombinant antibody in their milk. 

Since the successful cloning of a sheep from a mature 
sheep cell by Wilmul et .ii 11997). ihc potential for pipiiuc- 
tion of antibodies and other recombinant pharmaceuticals 
in cloned* transgenic animals has increased, Use of cloned, 
transgenic animals in pharmaceutical production enhances 

the biochemical homogeneity of material from different 

animals by eliminating variability in background genetic 
factors. 

Approximately &0 MAb-bascd products are in develop¬ 
ment for diagnosis, imaging, and therapy in human medi¬ 
cine Antibodies have been tagged with radioisotopes, tox¬ 
ins. and drugs in efforts to develop effective "magic 

bullets'" for cancer therapy and other applications. In veter¬ 
inary medicine, a MAb (MAb23I) has beers developed that 
targets canine lymphoma cells and has been reported to 
mediate antibody-dependent cellular cytoxicity (Rosales et 
aL 1988). The median survival time for dogs treated with 
chemotherapy alone was shutter than for dogs treated with 
chemotherapy plus MAb231 [JtgLum. 1992) 

Despite the fact that MAbs have filled the biotechnology 
pipeline* relatively few human oi veterinary products are 

recognized, as yet, as unqualified therapeutic successes in 
the fight against cancer. 

FUTURE DIRECTIONS IN GENE THERAPY 

The simplest definition af gene therapy is based on, the 
idea that certain diseases caused by monogenic defects cat 

be treated and potentially cured by insertion and expression 
of a normal copy of the dysfunctional or missing gene. 
Hence, diseases such as adenosine deaminase deficiency 

caused by it change or deletion in a single enzyme were the 

first targets for gene therapy. Based on currently approved 
protocols, the framework for gene therapy has become 
much broader The distinction between recombinant DNA 
therapeutics and gene therapy is increasingly difficult to 
moke (Roth and Cristiaito. 1997). 

In human and veterinary medicine* gene therapeutics is 

most often used to treat cancer. Strategics include ex vivo 

and in vivo cytokine and tumor antigen gene transfer, dreg 
sensitization with gene* for pro-drug delivery, and use of 
drug-resistance genes for bone marrow protection in high- 
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dose chemotherapy. In the context of cancer treatment, 
gene therapy ii» rarely ussed alone and is most often tried 
as a supplement to existing therapies. For example, trans¬ 
duction of hone marrow cells with a drag-resistance gene 
has been investigated as a means of sparing marrow cells 

during chemotherapy (Soncniiuo et al., 1992). Although 

this type of therapy does not replace a defective or missing 
gene product, the gene and product provided have therapeu¬ 
tic value. 


Augmentation of the immune response against cancer 

has been attempted with recombinant DNA constructs ex 
pressing cytokines and lymphokirces, Protocols may he 
based on expression of gene constructs in lumor-mtiJirating 
lymphocytes, tumor cells, or fibroblasts that can he geneti¬ 
cally engineered and then administered, usually autolo- 
gouslv, to the patient. Cytokine genes utilised include IL 2, 

IL-4, lL-7 f IL-1Z, GM C5F, and TOF (Roth and Cristiano, 

i997i. Various vaccines expressing tumor-specific antigens, 
for example, gpMK) melanoma antigen, or co-stimulatory 
molecules to enhance tumor antigen presentation are also 

being investigated (Rosenberg, 1995). 

Tumor cells can also be transduced with a gene whose 
product can convert a relatively nontoxic pro-drag adminis¬ 
tered systemically to a toxic metabolite, Alt early protocol 
with this strategy transfected brain cells with a retroviral 
vector expressing the herpes simplex virus thymidine ki¬ 
nase iHSV- [ K i gene Systemic ganciclovir that entered the 
tumor cell was then metabolized io cytotoxic ganciclovir 
triphosphates by cells expressing HSV-TK (Culver et al.. 



Our understanding of the role of dominant oncogenes 
and tumor suppressor genes in the etiology of cancer has 
increased steadily over the Iasi two decades. Normal homo- 

logues of oncogenes, tenned pmtootu'agrnr s , are essential 
for signal transduction, transcription, and a number of other 
key cellular functions. Point mutations, amplifications, 
translocations, and rearrangements can, however, convert 
pmooncogenes into activated dominant oncogenes capable 
of contributing to cellular transformation. Tumor suppres¬ 
sor genes often regulate gene transcription and cell prolifer¬ 
ation and, when dysfunctional or deleted, have a permissive 
effect on transformation of cells i Bishop, 1991), 

Gene therapy targeted against dominani oncogenes at¬ 
tempts to nullify the effect of expression of an activated 
oncogene product. Methods that have been used to accom¬ 
plish this include ami sense blockade of mRNA translation, 
antisense oiigonucleotide-enhanced degradation of onco¬ 
gene-encoding mRNA, riborymes that cleave oncogene 
mRNA, and intracellular single chain antibodies (Roth and 
Cmtiano, 1997). Antisense technology Involves introduc¬ 
tion into j cell of a geiw con strue l that hn.\ a base sequence 

complementary to die RNA sequence targeted for inhibi¬ 
tion, As an example, antisense inhibition of a member of 
the ras oncogene family, K-nis* has been shown to reduce 

the growth rale of human lung cancers in vitro and in vivo 
in mice (Georges el ah, 1993; Mukhopadhyay ct a).. 1991 1 . 

Replacement of inactivated or absent tumor suppressor 

genes into a transformed cell could theoretically restore 
normal regulation of cell proljfermion. For example, intro¬ 
duction of an important tumor suppressor gene product, 
p53. into cells with mutant or deleted p53 is sufficient to 


cause arrest of unregulated cell proliferation (Cui et al,, 
1993). p53 delivered by adenovirus vector constructs has 
been shown to inhibit growlh of rat gliomas, human head 
and neck cancers, and human colon cancers in mice and 


can mediate p53 gene expression in bladder and liver 


cancer i Roth and 




An encouraging aspect 


of some oncogene therapy is the observation that trans¬ 
duced cells can mediate bystander killing of nontransduccd 
cells, thus enhancing the antitumor effect of gene therapy 
(Takahashi et al + , 1992), 


As with development of effective recombinant vaccines 
one of the most important areas of research into gene 
transfer is in vector design. The viral vectors mentioned 
earlier in the context of vaccine development, including 
retro, adeno, atferto-associated. herpes, pox, vaccinia, and 
haculovinis, are also important to the advancement of anti- 
cancer gene therapy. Non viral vectors including liposomes 
and naked DNA hold promise for gene therapy as well. 
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INTRODUCTION: DEFINITION OF PAIN AND ITS 

RECOGNITION 


Classification of Pain 

Aside from tite moral issues, the successful control of pain 

can impact therapeutic success Physiologtc pain can he 
considered as a protective mechanism, leading the animal 

t>.» withdraw from a potentially damaging stimulus. Pain 
can, however, become the source of injury itself (patho¬ 
logic pain). If pain is too severe for the animal to accom¬ 
modate, a state of distress can develop (Hansen and Hardie. 
1993). Beyond protection, pain rarely has any useful func¬ 
tion and is associated with dramatic and potentially life- 
threatening physiologic changes (Cousins, 1986: Anthony. 
1995; Pbtthoff. 1.989). Physiologk responses lo distress 

iinclude gaitroinlcst trial Lesions, immunosuppression-, and 

hypertension. In human patients, failure of response to 

treatment, hospitalization duration, and hospitalization 
costs can be positively correlated with failure of effective 
pain control. The sensation of pain can he associated with 
a marked adrenergic (catecholamine) release, which may 
cause life-threatening hypertension or cardiac arrhythmias. 
In addition to acme physiologic responses to pain, the 
persistence of pain can stimulate change* at the level of the 
nociceptor and central nervous system (fee Transmission of 
Pain) . 

Pain can be classified in several ways, including source 


(physiologic, which is protective, versus pathologic, which 
reflects damage), location (neuropathic, resulting from neu¬ 
rologic damage; nociceptive, resulting from tissue damage; 
visceral, associated with abdominal or thoracic pain; or 

somatic originating from musculoskeletal damage, both of 

the Latter divided into superficial or deep), duration (acute, 
which is abrupt in onset and resolves in 24 to 72 hours, 
versus chronic, which persists for several weeks), and se¬ 
verity (mild, moderate, and severe). Acute pain results 
from traumatic, surgical, or infectious events. It is abrupt 
in onset, relatively short in duration, and is generally allevi¬ 
ated by analgesics. In contrast, chronic pain is a long 
standing physical disorder or emotional distress that is 
usually slow in onset and long m duration. Examples in¬ 
clude degenerative Joint disease and some cancer pains, 

1 he transmission of chronic pain is not well described, and 
knowledge regarding neural pathways is limited. Chronic 

pain is seldom alleviated by analgesics and frequently 
responds to tranquilizers combined with environmental ma¬ 
nipulation and behavioral conditioning. 



Nociception is the neural response lo the application of u 

noxious stimulus. The nociceptive system is the most effec 
live system for eliciting an arousal response of an) of the 
sensory systems.. The nociceptive response is comprised of 
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ii nociceptor and three neuron chains originating in the 

peripheral tissues and ending in ihc cerebral cortex. Nocl* 

ccpfors ate free nerve endings that respond to noxious 

stimuli (fig. 22-1) located in Wood vessels, pleura and 

peritoneum, many viscera] organs, skin, periosteum, sub 
chondral bone, joint capsule, muscle, and tendons. The 
mxheeptor projects as, neuron t into the spinal cord, as¬ 
cends as neuron 2 to the reticular formation of the brain. 

and then as neuron 3 to the cerebral cortex. 

Stimulation in the reticular formation results in eroo 
lional reaction to pain lanxiety, depression, suffering), 

whereas stimulation in the cerebral cortex leads to con- 
scions perception and interpretation of pain. The tirst-onler 

neuron can also synapse with another neuron to cause a 

local reflex that can be myoneural or sympathetic in action 
(e.g., release of norepinephrine, smooth muscle spasm, 
vasoconstriction). The nociceptive reflex can occur without 

perception of the painful stimulus that initiated the reflex. 
Pain perception is indicated by voluntary actions. Chemical 
mediators are important arntpoocnis of the nociceptor re 
flex and offer a target ot pharmacologic modulation. Medi¬ 
ators of pain and/or stress include adrenocorticotropic hor¬ 
mone; glucocorticoids; vasopressin, oxytocin, brain 
opioids, catecholamines, angiotensin II: endorphin s/cn^ 
kcphalins; vasoactive intestinal peptides substance P (cen¬ 
trally); and eioo&anoids (prostaglandins, leukotrkmesk tis¬ 
sue kiitinogens (bradyltimn), histamine, serotonin, 
potassium, protccilyiic enzymes, and others (peripherally) 

(sec Chapter I ft). 

The transmission of pain is carried by Ah, C or A(3 
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libers. Ah fibers are fast and are responsible for pin that 

is sharp and acute. They transmit somatic Mid parietal pain. 

Because the receptors arc discrete, animals can localize the 
pain C fibers are slow and transmit dull, aching, burning, 
or throbbing pain that is difficult to localize. Ap fibers are 

slower 'than C fibers and transmit stimuli associated with 
vibration, stinging, or tickling. 

The perception of pain cm be enhanced by two phetrom 
ena: hyperalgesia and central sensitization. The phenome¬ 
non of hyperalgesia reflects the response of nociceptors to 
a stimuli in a more vigorous manner at a fewer threshold 
than central sensitization. Primary hyperalgesia occurs in 
response to the presence of inflammatory mediators at ihe 
nociceptor, whereas secondary hyperalgesia reflects re¬ 
sponse in surround mg tissues, probably due to sensitization 
of surrounding nociceptors (Cross, 1094, Paddleford, 
1999], Central sensitization follows exposure of (he spinal 
cord to a large number of nociceptive impulses resulting 
in hypcraciksitizatiom As a result, stimuli that might other- 

% ise be considered innocuous cause a perception of pain. 

The phenomenon of central sensitization precludes an “as 
needed" approach to the treatment of pain with opioids. It 

may be because of this phenomenon that efficacy of the 
opioids in controlling pain is enhanced if given before the 

generation of pain. 

Response to Pain and Stress 

One of the more difficult aspects of acceptable control of 
pain for the clinician i'' detection or recognition of pain 
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live interactions between drugs and these receptors provide 
m analgesia. Rather many of the adverse effects of the 
opioids are mediated at these receptors, including dyspho 
na, hallucinations respiratory stimulation, and some of the 
vasomotor responses to opioids Delta receptors, as well as 
smooth muscle and lymphocytes are located in the CMS 
other sites are likely to be discovered. Interaction with 
delta receptors appears it> modulate, among other effects, 

emotional hdrawor ary immunomodulfliion (see Chapter 

m 

The likelihood of each of these effects to occur after an 
opioid interaction with the receptor depends on the type of 
interaction that occurs between the chemical and the recep¬ 
tor. It tv likely that species differences in receptor number, 
location, and specificity or sensitivity to the various drugs 

one important to differences in response to the opiates. 

Drug companies have attempted to "improve" the effects 
of opioids, that is, to enhance the desired pharmacologic 
effect while minimizing undesirable effects, by chemically 

altering the natural opioid*. Semi synthetic drugs are made 
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from simple chemical changes of morphine (codeine) or 
thehaine (eg t oxycodone, etorphine, ami naloxone). Other 
morphine derivatives include apomorpbine (an emetic). h>- 
dmcodone, and nxymorphone (Rei&ine and Pasternak, 
19%). Improvements have altered the stale of the interac¬ 
tion between the opioid and the receptor Opioids can 

interact with these receptors as uguniits (bind and stimu¬ 
late! or itniagtmixts (block and inhibit the effect). Mixed 

exhibit variable binding specificities it each recep¬ 
tor type, a ilh some sites being agonistic and other sites 
antagonistic. Partial agonists do the same as minted ago¬ 
nists, but their positive interaction with the receptors occurs 

with less than full activity at some of the receptors Hms, 
many of the varied effects of these dings (purlieu larly 
synthetics) result from agonistic actions at one receptor 

and antagonist activities at another. 

The primary pharmacologic effects of all opiuids .ire 
.iiialgesia, euphoria, and vedation (without loss of con¬ 
sciousness) (Raising and Pasternak, 1996). The magnitude 
of each effect vanes among species. Tic cellular mecha¬ 
nism and i .be pharmacologic effects of the opioids probably 
reflect several different effector mechanisms, including al¬ 
tered calcium flux, decreased cyclic adenosine monophos¬ 
phate (increased cyclic guanosine monophosphate), inhibi¬ 
tion of ue u rotKin & to i t is r release (acel) Lchuline, glutamic 

acid, dopamine, >c:,iuniifi. substance P (particularly periph¬ 
erally], norepinephrine), or modulation of a potassium 

channel. Control or' pain occurs without diminution of other 

senses. The degree of analgesia depends not only upon flic 
receptor stimulated but also upon the location of the recep¬ 
tor. Interaction with central mu receptors might provide 

greater analgesia than interaction with spinal mu receptors. 
Administration of morphine at hotb spinal and supraspinal 

sites results in synergistic analgesic effects, with a l (Mold 
reduction in [fie total dose of iMorphine necessary at cither 

site alone (Reisine and Pasternak, 1996). 
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the dose increases. Rale* tidal volume* ,uhI minute volume 

all deereiLM 1 . Respiratory depression is T however rarely a 
clinical concern except in cases of overdose, or in the 
presence of pulmonary dysfunction in casts of standard 

doses (Reisinr and Pasternak, (9%). Opioids 'should he 
used cautiously in patient with compromised respiratory 
function Patients may appear to he handling the drugs well 

but in fact may he utilizing compensatory mechanisms, 
such as increased respiratory rates iRcbirte and Pa-vlcmak. 
19%). Concentrations of CO, may be increased, and respi¬ 
ratory centers may already be less sensitive to CO*. The 
administration of an opioid may be dangerous in such 

situations. 

Opioids have precipitated attacks of asthma in human 
anesthetized patterns probably dye to histamine release. 
The importance of this in animal is not clear, In the 
developing fetus, use of opioids in the pregnant animal can 
lead to marked respiratory depression with little to ih> 
effect on the mother because of the underdeveloped blood* 

brain harrier in the fetus (Rcisinc and Pasternak, 1996). 

Cardiac depression {particularly bradycardia) is caused 
by some drugs; pretreatmem with atropine can reduce the 
incidence. The nsk of hypotension is increased with drugs 

that also cause histamine release, such as morphine (but 

tint oxy nuHphrme) (Robinson et al.. 1988) Histamine an¬ 
tagonists iH \ partially block morphine-induced hypolcn- 
sion; naloxone completely blocks it in human patients 
(Rcisinc and Pasternak, 19%, Muldoon et al.„ 1983). Fen- 
tanyl and its congeners are less likely to cause hypotension 

associated with surgery in part because they do not cause 
histamine release (Reisine and Pasternak. 19%). Volume 

replacement should be instituted before administration nf 

morphine derivatives causing histamine release in patients 

that are hypovolemic. Central nervous system depression 
tends to preclude the use of opioids in syndromes such a-' 
shock, severe cranial trauma, and diseases associated with 

respiratory’ compromise. 

Opioids increase intracranial pressure due to increased 
concentrations of CO* and cerebral vasodilation, Cerebral 
spinal fluid pressure also increases (Rcisine and Pasternak, 
19%). These effects may be exaggerated after head injury. 
The effects on intraocular pressure are not clear and nuiy 
vary with the species, In humans, accommodation is in 
creased with a decrease in intraocular pressure Opioids 
cause miosis in humans, and mydriasis occurs in some spe- 

des. 

Convulsions occur in some species when opioids are 
administered in high doses. Mechanisms probably include 
inhibition of y*aminobutvrH acid Mid may lx: more likely 
with morphine * I ike drugs (Rcisinc and Pasternak. 19%), 

The convulsant effects of some opioids can be reversed by 

naloxone (Rmmc and Pasternak, 19%?, suggesting dial 
drags with antagonistic actions (e g., butnrphanol, bupre- 
norphine) at wrote receptors might be preferred in the 
scizuring patient The impact of opioids on epileptic pi- 

bents is not deaf. 

Sedation js common with opioid use. depending cm the 
drug and the spede.s (i.e.. in the dog due to mu t* less so, 
kappa receptor sliinuJajtiottj and can he a disadvantage or 
an advantage, depending on the clinical situation. In ears, 
opioids can cause dysphoria and psychomotor activity (due 


to sigma receptor stimulation). Some of these effects might 
be avoided by admintstration of tranquilizers. 

Morphine and related opioids depress the cough center. 

Respiratory depression and cough suppression do tlot ap¬ 
pear to be related I Thus. antitussive opioids need not neces¬ 
sarily cause respiratory depression (Rchinc and Pasiernok, 

1996), 

In contrast to depression, opioids directly stimulate the 

che moreceptor triggering zone and thus may cause nausea 
and vomiting. Individual differences in the emetic response 

to opioids are marked in humans, but the amount of vari¬ 
ability is mot dear in animals (Rcisine and Pasternak, 
19%). In patients in whom opioids cause emesis, after 
subsequent administration, opioids act as antiemetics, 
blocking further response by the cheinoreccptor triggering 

zom to opioids. Actions at the vestibular apparatus may 
also be responsible for emesis, The emetic effects that 
typify administration of opioids as sole agents do not 
typically occur in the postoperative, sick, or pain-ndden 
patient Butnrphanol has been used in some species as an 

am i emetic to control vomiting induced by cixplatin 
i Sc hung el al,, 1982). 

Tolerance, phy sical dependence, ami withdrawal occur, 
bin should not be considered m adverse reacting m opioid 
use. Despite the lack of correlation between tolerance and 
physical dependence with incidence of drug abuse, concern 
about these two physiologic responses has led to a reluc¬ 
tance of physicians to use these drags to Iheir fullest 
capacity to comm I pain in human patients. Tolerance oc¬ 
curs, if higher doses are required to produce the same 

(analgesic) effect, whereas physical dependence requires 
continued administration in order to avoid clinical signs 
characteristic of w ithdrawal 

Roth tolerance and physical dependence reflect adapts 

lion of the target cells. Changes m nitric oxide or ncuro- 

transmitters or iheir pathways have been implicated m*. 

contributors to the development of tolerance iReisinc and 

Paslcmak. 19%). Tolerance will most likely develop for 

analgesia, euphoria, sedation, respiratory depression, mu 
sea or vomiting, and suppression of cough. Physical depen 
dence occurs as exogenous opioids replace endogenous 
opiates. Opioids affect numerous physiologic systems that 

became inbalanced before drag administration 4 new bal¬ 
ance or equilibrium is established in the presence of the 
drug lO T Brieti, 19%), and abrupt discontinuation of the 
drug requires rapid readjustment to a new equilibrium, 

predisposing the patient to withdrawal. Withdrawal is gen¬ 
erally manifested as signs opposite to the original effects 
caused b> the drag and reflects CMS hyperarousal as re- 

adaptation occurs to the absence of the drag K> Brien, 
1996), Pharmacokinetic variables may be important to the 
development of withdrawal (O'Brien. 1996 k 

The advent of tolerance and physical dependence has 
lead to scheduling or classification of many members of 
the opioid class* of analgesia as potential substances of 
abuse The actual class designated for some of the levs 

"risky” drags varies among the simev Pure agonists tend 
to be scheduled in ('lass [J or III: mixed or partial agonists 
tend to be scheduled in Class IV or V. depending on the 
abuse potential, Buturpbanol has recently been rescheduled 
from Class V to Class IV. It is not dear how long drug 
administration must occur before tolerance, physical tfcpcn 
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dcncc* and withdrawal are of clinical concern Morphine 

dependence has. been described in dogs (Martin et id., 
1976). In dog', however mixed agomsLs/ariiagomst.s or 
partial agonists arc associaml with the least risk of depen¬ 
dence; among the opioids studied, buprcncrphinc appears 
In be the least likely to cause dependence (Jacob el . 1 L. 

I 979 i. Opioids can be discontinued in drug-dependent hu- 

man patients without causing signs typical of withdrawal 
b\ decreasing the dose 25% to 50% every couple of days. 
In human patients suffering from withdrawal* clonidinc, an 
a ^adrenergic agonist* minimizes the autonomic symptoms 
of opioid withdrawal (O’ Brien, 19%). 


(jastro intestinal'I'rac 1 


Lit addition lo effects at she chemoreceptor triggering zone* 
opioids have direct effects in the gastrointestinal tract. 

Hydrochloric -acid secretion is generally decreased but oc¬ 
casionally may be increased (Rttsine and Pasternak. 1996b 

Tone of smooth muscle in the antral portion of the stomach 
and upper duodenum will increase* despite decreased gas¬ 
tric peristaltic motility. Passage of endoscopic of other 
equipment through the stomach caw foe precluded for up to 
12 hours after administration. Drug or food movement 
through the stomach likewise can be delayed (Retsine and 1 
Pasternak* 1996). In the stroll intestine* and particularly in 

the upper small intestine* nesting lone (segmental) is in¬ 
creased. and propulsive activity is markedly decreased 

(Reiswe and Pasternak. 199ft). Initial stimulation of gastro- 
intestinal motility may result in defecation: subsequent 
depressed gastric motility may cause constipation with pro¬ 
longed use* 

Opioids also decrease small intestinal secretions* while 
water absorption increases. In the presence of secretory 
diarrheas, morphine-like opioids inhibit movement of elec¬ 
trolytes and water into the lumen, probably through inhibi¬ 


tion of the stimulatory effects of prostaglandin E 7 , acetyl- 
choline, or vasoactive inieslinal peptide (Reisme and 
Pasternak. 1996), Because of increased transit lime 
allowing more complete absorption of luminal contents* 

opioids may be- contraindicated in patients suffering from 
obstructive gastrointestinal diseases and those associated 
with bacteria or toxin production Opioids also decrease 
biliary and pancreatic secretions (Reisine and Pasternak. 
19%), Morphine-Like opioids, however* cause coni ruction 
of the sphincter of Oddi and increased bile duct pressure 


(Reisine and Pasternak* 1996. Vieira et .at.. 1993; Roe be l 
et al.* 1979)., 


Other Effects 

Ureteral tone may increase and the voiding reflex of the 

bladder may be diminished due to increased lone of the 
external sphincter and increased volume of die urinary 
bladder. Morphine appears to have antidiuretic effects (Rei- 

sirte and Pasternak* 1996)* Inhibitory effects on uterine 
tone may prolong labor; hyperactivity induced by oxytocin 

can be normalized with morphine, Neonatal health may he 
impaired foy use of morphine-like drugs during parturition: 
the neonate appears to be particularly susceptible to respira¬ 
tory depression induced by opioids in pari due to a poorly 
developed blood-brain barrier (Keisinc and Pasternak* 


1996) In humous, opioids cause vasodilation of cutaneous 
vessels, probably due to histamine release. Allergic phe¬ 
nomena in general (including bronchoconsiriction), and 
those manifested in -skin* may be exacerbated with opioid 
use if morphitw*-1 1 ke drugs are used Fmritis may occur* in 
part due to histamine, hut also due to direct effects on 
neurons (Rcisine and Pasternak, 1996) Opioids appear to 
inhibit cytotoxic activity of natural killer cells. Selected 
opioid compounds, however, appear to enhance macro¬ 
phage and killer cell activity* possibly through a novel 

opioid receptor (Reisine and Pasternak. 1996; see Chapter 
19), 

Changes in body temperature reflect altered thermoregu¬ 
latory response, Hypothermia is more common in dogs, 
whereas hyperthermia ts more common in cats (Branson et 
al*, 19%)* 



The depressant effects of opioids can foe exacerbated by 
other CN$ depressants. Several CN5 depressants prolong 
the effects of opioids* including the phenothiazines and 
tricyclic antidepressants. Although some phenothiazirres 
may reduce the amount of opioid necessary for analgesia, 

others may increase the amount of Opioid (Reisine and 
Pasternak* 1996). 


POWERFUL PURI AGONISTS 
Morphine 

Morphine (0.25 to 5.0 mg/kg intramuscularly [IM], suheu 

taneously (SC| every 4 hours* dog [D]; 0.1 mg/kg IM, SC* 

intravenously lIV] every 4 hours, cat |CJ) is considered 
ihe proto typic narcotic. A rl^i IK drug. mexphirte targets 

primarily mu and to a lesser degree delta and kappa recep¬ 
tors. Morphine causes profound sedation and analgesia for 

up to 6 hours in the dog. Its effects arc reversed with 
narcotic antagonists. Morphine can cause cardiac depres¬ 
sion (Napier. 1999); in addition* hypotension may reflect 
histamine release or CMS (vasomotor) depression r Rob¬ 
inson. 198#; Hakim, 1992k Morphine can cause respiratory 
depression (Cullen, 19*81). particularly in neonates (Luks. 

1998:. am) can cause acute pulmonary edema due to Imta- 
mine release {Hakim* 1992) Therapeutic uses include pre- 
medicaiion for surgical anesthesia (reducing the amount 
of other potentially nonreversible CNS depressants) and 
analgesia. Morphine is also used in cases of acute, fulmi¬ 
nating pulmonary' edema because of its ability to reduce 

cardiac preload due to hepatic venous constriction and 

qil *im hn k pooling. 

Morphine has been used oralK fey hitmans* although 
first pass metabolism requires oral doses that are two to 
six times parenteral doses. Its major metabolite in humans 

is a g l ucuron i de merabol itc (morph i nc - 6 -g 1 u euro a idej, 
however, whose pharmacologic action is equal to that of 
the parent compound. Although the metabolite is more 
potent than morphine* it is not as able to cross the blood- 
ferain barrier (Reisine *tnd Pasternak* 1996). With chronic 

morphine dosing* as drug concentrations accumulate, it is 
likely that the metabolite contributes more than morphine 
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to control ot pain, suggesting that oral administration may 
be effective for dop. Marked variability among human 
patterns in the rate of morphine metabolism complicates 

CMablbhment of the best oral dose in the individual patient. 
Moiphine has not been used orally fur anima s because of 

its pom or*U Noavai Lability, although doses are provided 

Eor clow release preparation* The formation and impot 
L4ncc of morphine-fi-giucurooidc has not been established 
for animals. Morphine has been studied in dogs using sev¬ 
eral routes. Median peak concentrations were 0.92 rsg/niL 

and 182 ng/mL 5 mimiles after adminisiratio n uf 0.5 
mg/kg IV ami 2 mg/kg IM (Barnhart. 2000} compared to 

a targeted range of 9 to .19 ng/ml for analgesic efficacy in 
humam Bioavirt lability of IM morphine is high - i l v *) 
but variable (57-lfil^K and elimination half-life approxi¬ 
mates 90 minutes. Vomiting occurred following JV and IM 
(3/6 dogs) administration at these doses (mean morphine 
concentt aiioti at vomiting of 66 ng/mLl and heart rates 
were significantly lower. Full owing rectal administration, 

morphine is approximately 20% hioavailiiblc. achieving 
peak, concentrations of 28 ng/mL when 2 mg/kg is adminis¬ 
tered .is a solution and 21), 21, and 51 ng/mL when .vimmis¬ 
tered as a suppository at 1, 2, and 5 mg/kg, respectively, 
Elimination half-life i minutes) ranged from 65 (wlulionj 
to 9k (suppository ). Vomiting was common (5/6 animals) 
with it 5 mg/kg recal suppository Alternative morphine 
formulations base been studied in dogs in an attempt to 
provide longer analgesia with fewer side effects. Morphine 


has been studied subcutaneously prepared as a solution 

(Tasker 1997} and as a sustai ned-release gel (N,0'Wh^Ay- 

methy khitosan polymer) produci (Tasker, 1997 ) and when 

given orally (Do boo. 1997). Following subcutaneous injec¬ 
tion at 1.2 mg/kg. peak concentrations for the solution and 
sustained product went 4K8 and 180 ng/mL, respectively, 
will - , lime to peak concentrations being 10 and 55 minutes, 
respectively. Variability among animals was large Elimina¬ 
tion half-life was 79 (solution) and 108 (gel) minutes. 
Oral administration of 15 nig (approximately 1,7 mg/kg) 

revealed peak morphine concentrations of 20 to 24 ng/mL 
occurring at 2 to 3 tews. Elimination half-life appeared to 

approximate 2,5 hours leading to a 12-hour dosing interval 
recommendation Morphine also has been studied follow¬ 
ing epidural administration of the solution (0 1 mg/kgi 
(Robinson* 1999) and m a sustained-release encapsulated 

preparation (experimental: 10 and 30 mg in 3 ml. saline) 

(Yakdl. 1999), Both appear to prolong analgesia while 
avoiding side effects. 

Morphine has been used in the dog and cat effectively 
as a premedkant or a perioperative analgesic (Branson cl 
aL, 1996), In dogs, following subcutaneous administration, 
peak effects occur by 45 minutes Duration of analgesis is 
reported to be between l to 2 Ik sirs,, hm clinically appears 
longer Eme si s should be antici puled (Branson et al. T 19%). 

A variety of routes of administration for morphine are 
listed in Table 22 2,. Morphine can be administered safely 
cpi Jural tv fpreparations made specifically for epidural ad 


Table 22 2 . Genes of Drugs Usad to Control Pam* 

Op*UlJ aM a If twite’s 

Hi.,-.-i,-I..hi,. 0,005-003 IV. IM SC lv, 

00U5-0DI IM, IV (C) 

BuiorpluinN 02-1 0 m^/kg JM. SC IV r«ry 3 ft h i'D) 

©.2-6 tog/kg PO every l-A ! h (13 1 

0,1 -1.0 nigAg e my 1 2 h (C i 

04 :n . 0 ■: fa rcvcrml agent) 

Codek 1,0-4 ,0 mgrtig oery ft h 

Codcmv with 1-2 TOg/kg every ft h (I>1 - frHscd on ctvlani) 

jiuuminopfien 

Frminyl O.IU IM)® mg/kg 1>L SC IV every 2 h (T» 

0,005-9;04 mg|V c%<wy 0.5 -1.0 h (D) 
0.005 0.04 mg/kg epidural 

J-eitLuivl tramtlc i«»l Apply 12-24 h hefrinc need lor 72 -I 20 h 

patch ■ i: •• i relief 

5-10 1^. 23 ii^h 
1 0-20 kg. 50 \itfh 
20-Mi k.j 75 

>30 |<il 

Mcpcndiw 2-10 mgftg IM nmy 2 li (Du 2 -4 mgA^ IM 

every 2 b * C j 

Wnpkiir 0 1 - 4 ) S ,i■ ■■ t ,■ TM, 54 e\rry J twit (IJl 

0,3-3.0 11 l k l FO every 4 g h (D) 

0 1)3-11.5 mgA^ TO c\cry 4-K bnur* tfl 
(J.5-2.5 ii ^ k j tustiiii.i-. it release Pt) every 
i: h 

U.l mg/kj! IM SC IV every 4 b (Cl 
0 I I 0 mgAf Pi) ever? 4 4i h fC) 

ll.l-0.5 ingAjt/fi IV iMnLnuuiHi infusion 
Nalbuphine o.| IQ mg/kg IM. IV every 1-6 h i E» 

Niloniinc 0.04 mp/kg IM. SC, IV every 2 h or PkJv 

<0.. Cl: dilute Jwc id ]0 mL vndi s^Jinr 


Opind analgesic^ Cmumwti 

11-22 mj/kg every 2 Hi IM. SC, IV fD>; 
diline 4 cm« Id 10 ml. wilh saline 
Oiymorpheme 0 02-0-2 m|/k| I1L SC IV. every 2-6 h, 

^'-hO unal (Dj 

0 02-0.1 ms/kg IM, SC, IV every 2-6 h (C| 

lAnlujtKioc 2-3 nig/kg tM wtry 2 h fDl «*d every 

4-5 h (P 

Adj'iYonl 

. \ l .' fr ■ >r 11 .: /. i k 000-0.10 Itt^Vg JV, SC 

Amjiopiylinet 12 4.4 -1,V TO <s«iy 24 b fDl. 

MDu«/kg b.) (C* 

Mu, t ■ 1 1■ .1 II 0 I " " -II * KV IV 

irijpnniinc'f 2.24,4 mf/lt TO every 12-24 h 11>.( 

Ketamine 1-2 -iuVc [V ifur bums). 

0.3-1 y IM (O 

Methreart?ui»I 0.55 -1.2 mL/kg PO 1 13, Ci 

Mkta/niam 0.1-0.2 my/ky IV. tM 

X>l*jire 0.O5-O.2 IV. fM 

Eipnluiil t*f irgKiiul 

HvpiVMilK 0.2 mi •■'* »[ (I SS Hilmun frpidiiiil) 

0..' mL for internerve Nock fttry 6-fl h 
1.5 m|/k| intrapleural every 3-T2 h 
imarimuRi of 4-5 mg/kg (D|, 

2-1 mgAg [Cl) 

BupmHiqihiiK 0.003 iDfAg. dilute ai saline I ml Jf> kg 
Morphine 0 IHJ.3 m#/Vf prewnitive free (Dt epidurul 

tv try 4—B h 

L iUkKaine ft 2 mLAp 

Morphine 0.0J mg/kg 

Oxy nwiphonc 0 ) mgAji 


C - tM: T> - -depf. IM ■ :■ ■ i i - ■ IV s ieitrnvcoots; FC> - oral. FRN - u wrdrd. SC - ♦uhcutawmi*. 

Hkra** .iff 1 1 ■ . . ii: Wiuh • . -mr i •s.-i 1 .' Idf y<n i' _- aJuh nunulv !h % lu^r not been i nvli'k.l Il> . n r.':? , k far a$C. 
tIMw tor hrhinrtnr*l (tnK»(h-r^ 
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ministration jic preferred i Lind Lippeiirs tu be cf fee live when 
given either epi dural I v (Day cl id., 1995; Pascoe and Dy¬ 
son. 1993) or locally liiura urticufarl) i (Day cl ul., 1995) 
for control of some orthopedic pins 


Fentanyl 


Fenianyl (0.04 to 0.08 mg/kg IM T SC, IV every 2 hours 
|D|) is a synthetic opioid (Class II) with ,i potency 100 
limes that of morphine and 500 times that of meperidine: 
hence doses are lower, ft interacts w ith mu receptors lmore 
mi than morphine) and to a lesser degree with delta and 
kappa receptors, Fentanyl is most commonly recognized as 
a drug used to induce neuroleptanalgesia (when combined 
with droperidol). After parenteral administration, however, 
it causes profound sedation and respiratory depression. 
Auditory sensitization and altered thermoregulation (lead 
mg to panting) may occur, Preireatmcnt with atropine is 
indicated when administering the drug parenteral I y. Be¬ 
cause it undergoes redistribution las with ihm barbiturates), 
repetitive ad mini si ration may result in accumulation of 
the drug in fat and prolonged duration of effect. Despite 

redistribution, Use short hall life of fentanyl previously has 

limited its use to IV infusion, Femanyl is now, however, 

available as a tnuisdcmul drug delivery system intended 
for control of pain (Fig, 22 4i. This method of drug deliv¬ 


ery has proved sale and effective for delivery of fentanyl 

to both dogs and cats. 

The inmsdennaJ drug delivery system provides slow, 
continuous drug delivery that is intended to provide a fairly 
constant plasma fentanyl concentration Peak and trough 
concentrations, which might cause toxkily and therapeutic 
failure, respectively, are thus avoided, The fentanyl irans- 
dcrmal patch system has been approved for control of 
cancer pain in people, The system consists of a patch 
comprised of an adhesive layer that attaches to the skin, A 
'4c I ease" membrane controls the rale of release of drug 
from the reservoir. Because the amount of drug that is 
released is proportional to the si/r (urea) of the patch the 
"dose is the amount of dnig On mkrograms) released per 
unit time (bourn The system is available m four sizes; 25. 
50. 75, and 100 pg/h. Note that because of the relationship 
between skin and patch and because of the different charac¬ 
teristics of the skin between dogs (or eats) and people, the 
rate of drug delivery (and elimination fmm the skin) is 
different. 

The fentanyl patch has been studied in dogs i Kyles et 
ill.. 1996; Bggef cl ill., I998i and cals, With die 50p,gfli 
paich, drug delivery approximated 37 p.g/h I range of 13.7 
to 59,8 p,g/h) in dogs, and the patch was found to he 
an effective means of constant, slow drug delivery. Peak 
concent nit ions occur within 24 hours in the dog and can 
occur in as few as 3 io 5 hours in the cat. A comparison of 
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Meperidine reduces the heart rale and systemic arterial 

pressure in dogs due, in part,, to peripheral vasodilation. 
Bronchoconstricuon also occur? in die dog. It is a potent 
initial stimulant of the gastrointestinal tract. Rapid uitrave- 
nous injection can cause peripheral vasodilation Diphenox¬ 
ylate (the active opioid ingredient in Lomotil) is a denva- 
tive of mepencitnc. 


MILO TO MODERATE PURE AGONISTS 

Codeine 

Codeine is 60% bioavailable in humans after oral adimnjs- 
tralion. Although effective concentrations reach circulation 
after oral administration. die potency of codeine as an 
analgesic is less Than that of morphine. Codeine has a very 
low affinity for opioid receptors, and its analgesic effects 
art due lo metabolism (demcthylation) to morphine (Rei- 
sine and Pasternak, 19%). Only a small percent (10%) or 
morphine formed, however, and its anti tussive effects 

probably reflect direct interaction with codeine receptors 

(Reisine and Pasternak, 19%), In dogs, even less codeine 

appears to be converted to morphine. Its antitussive effects 
require lowet plasma thug concentrations than exacted for 
analgesia. Currently, its primary indication for small aid- 

nui'ls la as a cough suppressant (2.2 mg/kg |OJ> or antidiai 

rheaL Outpatient use of this drug as an analgesic, particu¬ 
larly when combined with a non-narcotic analgesic (i e. t 
nonsteroidal anti-iitflammatories or acetaminophen I is in¬ 
creasing. Codeine is scheduled as Class II. 


Miscellaneous Drugs 

fhyrmitmr (PcTcarian. Class III. hydmrmt&nr fHycodan, 

Class III), and pmpax >phene (Darvon, Class IV) are used 
to variable degrees in veterinary medicine. Among them, 
hydiucodune is most commonly used for suppression of 

cough. DiphcrtoxyUuc (CDs* 11 os .i sole agent; when com¬ 
bined with atropine to control substance abuse as Lomotil* 

Class V) is used to control diarrhea because of its effects 

on the gastrointestinal tract. Loperamide is similar to diphen¬ 
oxylate. but it does not penetrate the blood-brain barrier as 
effectively, and hence is associated with no CNS side ef¬ 
fects . 




AND 



Butorphanol 

Bubirphann] (0.4 to 0,H mg/kg IM. SC, IV every 3 to 6 
hours |1X C|; oral |antitussive in dogl: 0.5 lo 1.0 mg.'kg 
every 12 hours: recently scheduled as Class IV) is a kappa 
agonist and a. mu antagonist. It is three to five limes more 
potent (agonist) than morphine and about 50 tiroes Irss 
potent than naloxone as an antagonist. Butorphanol has 
been used as both a preanesthetic and a perioperative 
analgesic in dogs and cats. It is one of the three most 
commonly used opioids for control of postoperative pain 

ui small animals (Dohon and Dohoc, 1996; Hubbcll and 


Muir. 1996 k the other two being buprenorphine and oxy- 
morphone (Hansen and Hurdle. 1993). It is also used (ap¬ 
proved) as ait antitussive (Christie et jlL 1980), Although, 
butorphanol does cause respiratory depression., a ceiling 
apparently is reached beyond which additional dosing does 
not cause further depression (a mu antagonist) (Ho&good, 
1990) Butorphanol causes less biliary spasm than does 
morphine, supporting butorphan o Ts postoperative use 
(Rcebd et at,* 1979). It is also used as an amitu&xivc in 

small animals. 


Peak analgesia occurs in 30 to 60 minutes, and in dogs 
the half-life is 1.65 hours (Pfeffer et al., 1980). Analgesic 

effects can last tip to 4 to h hours in some animals, In 
dogs, however, duration of analgesia may be as little as 30 
lo 60 minutes after IV administration (Houghton et al., 
1991) or SC administration (Sawyer et al,, 1991). Butor¬ 
phanol appears to be safe in eats if used cautiously (Sawyer 
and Recta, 1987). At high doses, butorphanol provides some 
relief of somatic pain, Butorphanol may be an effective 
analgesic for mild to moderate pain, Butorphanol hail cn 
joyed until recently a non schedule designation by the Food 
and Drug Administration, but it was recently designated 

as class IV For postsurgical pain* butorphanol should be 

administered 10 minutes before the end of surgery. The 

oral preparation of the drug has been dispensed for l to ,2 
days in pa beats released front the hospital; higher oral 
doses compared with parenteral doses are required because 
of its reduced bioavailability iftrr oral administration (0 5 
to L.ti mg/kg every 12 hours}, Butorphanol may act syner 

fistic ally when combined with acetaminophen for control 
of pain (fire to et al., 1978k Although safe, epidural admin¬ 
istration of butorphanol does not provide sufficient duration 
of action to be clinically useful (Troncy et al., 19%). 

Butorphanol (0.4 mg/kg) cam be used to partially reverse 
the sedative or respiratory depressant effects of oxymor- 
phone (Dysott et al., 1990) land presumably other pure 
optoid agonists). Some of the analgesic effects of the pure 
opioid will also, however, be reserved. 


Buprenorphine 


Buprenorphine (0.005 to 0.03 mg/kg IV. IM T SC t epidural 

jDt) hat lass V thebaine derivative with potent analgesic 
effects 25 or more times greater than that of morphine 
(Heel et al* 1979k It is a kappa antagonist and 4. mu partial 
agon lit/antagonist (Romero et al., 1989} Buprenorphine is 


ore of the three most commonly used opioids for control 
of pain in small animals (Watson ct al* 1996; Dohoo and 

Doboo* 19%; Hubbell and Muir, 1996k and it has been 

recommended as the most generally useful analgesic for 

controlling pain in laboratory aid mills (including dogs) 

(Flecknell. 1984). Although its onset of action is longer 
than that of morphine, its effects Iasi much longer (in 
humansk In dogs, buprenorphine appe&ra to have a 42- 
hour half-life (Garrett and Chandraik 1990). Because of its 
lugfi Itpophtlicity. buprenorphine has a very high volume 
of distribution (33 Ukg) and appears to be sequestered in 
tissues. The long halfdife may contribute to Hs longer 
duration of action compared with butorphanol. 

Like morphine, buprenorphine induces dose-dependent 
respiratory depression, which may be delayed in 


Control u i' pjurt in Small Amr lain Opjowl AftstosA* #0*5 Antagonists ml Other Lucilly and CenlnlLy Acting AA&Jgcfties 


417 



like butorphatrul. a ceiling is cached. Although respiratory 

depression lias not been a problem in human patients re¬ 
ceiving the drag, it is noteworthy that these effects are 
not Lilly reversible with antagonists such as naloxone 
Cardiovascular side effect & are limited. The cat may re¬ 
spond to huprenorphine with mydriasis and agitation at 
doses more Lh.an 0.2 mg/kg An added advantage of bupre- 
norphinc is its ability to reverse opioid-induced sedation 
while maintaining analgesia. It has been recommended as 
the reversal agent of choice ft e, in lieu of naloxone ) for 
human patients receiving newra-leptaofagesics. 

Pentazocine 

Pentazocine 12 to 2 mg/kg JM every l hours |!>| or eve*) 
4 to 5 hours |C'|) induces analgesia that i' one third as 

potcni as morphine. It is not. however, associated with 

as severe cardiovascular and respiratory depression It fe 
effective only as a visceral analgesic. Its utility is Limited 
by its short duration of activity (30 minutes) and by its 
i cadency to cause undesirable behavior (Sawyer and 

Recfa 1987). 

Nalbuphine 

Nalbuphine is a nonscheduled opioid that was at one time 

used as an analgesic for small animals, li is a mu receptor 
antagonist and kappa receptor agonist with minimal cardio¬ 
vascular effects. But orphan ol and huprenorphine have 

largely replaced the use of this drug. 


ph i m is characterized by a very high affinity for receptors 

that exceeds that of naloxone; thus huprenorphine is not 

reversible by naloxone. 

After successful reversal with naloxone, respiratory, sed¬ 
ative, and cardiovascular effects of opioids are reversed for 
1 to 4 hours Repeal administration may he indicated, 
depending on which opioid agonist was used. For example, 
the effects of oxymorphone may last Longer than those of 
naloxone (Copeland d id., 1989), Naloxone should 'be 
administered slowly when given as an IV bolus because 
of possible cardiovascular stimulation that manifests as 
increased sympathetic nervous system activity < Michalis ct 
al., 1974), The increased sympathetic nervous system activ¬ 
ity presumably reflects the sadder reversal of analgesia 

and thus the perception of pain. In human beings, this 

increased sympathetic nervous system activity may fee 
demonstrtted an Iochycardia, hypertcnsion.. pu 1 monary 
edema (Flacke ct al, 1997; Tanaka, 1974), and cardiac 

dysrhythmias (including ventricular fibrillation). 

Naloxone antagonizes the effects of nonopiate depres¬ 
sants as well m alters dopamine and y-aminobutyric k id 
actions in the CNS (Branson ct al_, 19%) It has also 
been studied for its ability to alter detrimental physiologic 
response in circulatory and septic shock; however, this 
therapeutic use, which was once considered a benefit, ap- 
pears to provide no decrease in mortality and may cause 
detrimental effects. 

Naloxone is not approved as a reversal agent in cats, 
and cats do not appear to react predictably to reversal with 
naloxone. Recovery and survival was not improved in 
kittens in which opioids were reversed (Faggclla and Aron- 
sohn, 19931 


NARCOTIC ANTAGONISTS 

Antagonists are used to provide quick reversal in the event 
of an overdose or serious respiratory depression or if ambu¬ 
lation is desirable after use of an opiate. Depending on the 
antagonist and the receptor* with which it interacts, analge¬ 
sia will be reversed along with the undesirable side effects. 
This is particularly true of pure antagonists. Like agonists, 
antagonists can be considered pure or partial in their ef¬ 
fects,. Antagonists generally are not scheduled. 


Naloxone 

Naloxone (0.04 mg/kg EM, SC, IV every 1 hours or as 
needed (D, CJ; dilute dose in 10 mL of saline and adminis¬ 
ter to effect IV: give remaining dose SC) is u pure antago¬ 
nist with 30 times the potency of nalorphine and 50 Limes 

the potency of bufarphanol, It is approved for use in. the 

dog but not the cat. As a pure antagonist, it is not regulated 

by the Controlled Substances Act. Its ability to block each 
of the opioid receptor types varies; indeed, receptor type 

can be based somewhat on response to naloxone. Mu 
receptors are the most sensitive to naloxone antagonism, 
sigma receptors the least. High (tees of naloxone will 
reverse both delta and kappa receptors. Reversal with nal¬ 
oxone also depends on the affinity far naloxone and the 
target receptor being greater than that of the drug to be 
reversed and on the receptor. Among the opioids, btiprenor- 


Nalorphine 

Nalorphine is a partial agonist and as such is a class Ill 

drug. Sedation and analgesia are maintained, and CNS 

(Including respiratory j depression, is reduced. 



Nalbuphine (Nubain) (1 mL of 20mg/tnL solution to 9 mL 
saline, as with naloxone) is discussed as a mixed agonist/ 
antagonist. Like, butorphanol and buprcnorphinc, nalbu¬ 
phine has. been used as a partial antagonist to induce 
reversal of CNS depression hut not as m analgesic. 


Naltrexone 

Naltrexone is on orally bioav ail able pure antagonist that 

has been used to treat lick granulomas in dogs. 




Opioids are used in veterinary medicine to control pain; as 
adjuvant anesthesia* emetics (apomorphineh anuiuxsivci, 
and aniidinirheuls; .and foe chemical restraint. In 1954, tlsc 
optimum dose of opioids as defined in human medic me 
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opioids a,■ Agonists arc also indicated, although sedative 

.Lind Cardiovascular effects limit their use to epidural admin¬ 
istration or as part of combination therapy General unesthe • 
via alone may not be sufficient to control intraoperative 
analgesia 

Several opioid analgesics are useful for the control of 

surgical pain, For animals suffering pain before surgical 

induction, oxymorpbone at butorphunol administered as 
part of a preancsthctk or anesthetic regimei can both 

control pain and reduce the amount of general anesthetic. 
Likewise, animals to be subjected to a surgical procedure 
that will induce pain that is not likely to be successfully 

controlled with .genera! anesthetics will also benefit from 
presurgical administration Meperidine is generally used as 
a prcanesihetic to minimize the amount of general anesthe¬ 
tic needed for a geriatric or debilitated (e g., poor candio- 
vasculai system) animal rather than to control pain. In 

addition, a fenlanvl patch tan be applied the day before 
surgery, Opioids might, also be given intraoperatively if 
cardiovascular signs indicate the perception of pain despite 
a general anesthetic. Agents that can he reversed or those 
with a ceiling effect should be used to minimize the risk 

of respiratory or cardiovascular depression. 

Postoperative!} 1 . any of the opioids can be administered, 
and the selection should be based on. the degree of onalge 
via desired balanced with the risk of sedation in the postop¬ 
erative patient. Those most commonly selected by small 
animal practitioner* include nxymnrphnne, buprcnorphinc, 
and hutorphonnl (Hansen and Hardie, 199 Dohoo and 

Dohoo, 19%; Huhbel) md Muir, 1996). Severe pain indi¬ 
cates the need for pure agonists such as morphine or 

oxymorphone Less severe pain may sufficiently respond 

to bupfenorphinc or butorphanol. Of the two, buprenor- 
phine cart be expected to consistently provide a longer 
period of analgesia (about 4 to 6 hours), Acepramazinc can 

he combined with either bumrphanol or buprenorphine for 

sedation. Pulse oximetry can be used to evaluate tissue 
oxygenation and the potential risk associated with a sedat¬ 
ing drug, including j pure agonist opioid. 

The sedative effects of the opioid may be desirable for 

some patients but undesirable for others. An advantage to 

these drugs is that the sedating effects can be reversed if 
necessary. Note, however, that repeated administration of 
the reversing agent may be necessary' (e.g., naloxone) 
Alternatively, if a sedating opioid has been used and rever¬ 
sal ol the sedating effects is desirable, butorphanol or 
buprenorphine can be used. A portion of the analgesic 

effect will also 'be reversed (because of antagonistic actions 
at mu receptors for both of these dings), but kappa recep¬ 
tors will mediate some analgesia Fentanyl transdermal 

patches can be applied postnperatively. but it is likely 

that the analgesic effects of the patch will need to be 
supplemented short term. 

Nonsteroidal anti-inflammatory drugs (NS A IDs) can be 

very effective poiioperotively; in addition to their peri pit 

era! anti-inflammatory effects, NSAlDs may have central 
actions as well, Care should be taken with the me of 

NS A IDs; drags that are selective for COX2 are preferred 
(see Chapter 16b Carprofen is among the most effective 
and safest drugs used perioperati vd y. Although ketorolac 
and flunixen meglumine are NSAlDs characterized by anal¬ 
gesia that approximates that provided by morphine, neither 


drug is relatively COX2 selective, and side effects should 
he anticipated, Ketoprofcn and ketorolac also have been 
used to control postoperative p&ip, with variable effects 
(Mathews et al, f 1996) (sec Chapter 16). Fluid therapy 
during surgery is important, to prevent renal complications, 
and excessive bleeding may occur due to inhibition erf 

thrombogenesis Combinations of opkrids (codeine, buior- 

phartol) and NSAlDs or acetaminophen should be consid¬ 
ered in order to avoid the side effects associated with 
NS AID use. 





Stress that is too severe can complicate the care of the 
critically ill patient. Invasive procedures intended to sup¬ 
port the patient produce pain that can be severe, requiring 
use of sedation, local analgesics, t»r central analgesics. 
Procedures that require some type of analgesic therapy 
include placement of urinary, nasal, and nasogastric cathe¬ 
ters: bone marrow aspiration; and drainage or lavage of 
body cavities. Opioid sedation, or a combination of keta¬ 
mine (100 mg/mL) and diazepam <5 mg/mLl mixed l to 1 
and administered at 0,05 to 0 1 mL/kg may limit stress 
associated with these procedures (Anthony, 1995. Mur- 

uugh and Kaplan. 1996), 

Among the opioids most commonly used! to control 
pain beyond that associated with supportive procedures 

are morphine, oxymorphonc, and butoiphanot (Hansen and 
Hardie. 1993), Side effects of most concern include respira¬ 
tory and cardiac depression. Most animals can, however, 
tolerate mikl respiratory depression associated with opi¬ 
oids. and respiratory disease or trauma is not a contraindi¬ 
cation for opioid use in animals. For example, morphine 
can be used for the patient with pulmonary edema second 
ary to heart failure. In addition to splanchnic pooling and 

decreased preload to 'the heart, sedation decreases strug¬ 
gling and oxygen use. Morphine can be given to effect at 
0 1 mg/kg every 3 minutes until light sedation has been 
achieved, Gxymarphone may be the preferred opioid of 

choice for animals for' which systemic hypotension can be 

life threatening because it is less likely to cause histamine 
release. Fluid therapy is indicated if hypotension occurs 
(Anthony, 1995: Murtaugh and Kaplan, 1996) 

[he use of local anesthetics for the critically ill pattern, 
should not be ignored. The short duration of action of 
lidocaine leads to its usefulness for short invasive proce¬ 
dures. It has been used intravenously in human patients as 

a centrally acting analgesic, but in animals ii should be 
administered in conjunction with another analgesic if used 
centrally (1 to 2 mg/kg loading dose followed by continu¬ 
ous tV infusion at 2* to 40 pg/kg per minute. The longer 
duration of action of bupivacoine fend* itself to control of 
pain associated with surgery or trauma, ttupivacaine can 
be infiltrated in the proximal intercostal nerves for surgical 
procedures or infiltrated through a chest tube' (0.25% to 
0.5%, up to 1 to 2 mg/kg every 6 hours) for control of 
thoracic pain, Sufficient drug e m be absorbed to induce 

toxicity after local administration. Bupivacainc is more 
cardiotoxic than lidocaine and cardiac depression is more 

Likely with repeated adiministniLiion. Central nervous system 

reactions include depression and stupor, which may precede 
seizures. Epinephrine can be used to slow absorption of 
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these drugs may be inure appealing for the patient with 

cranial trauma. 8uprenorphine t however, lias both mu (»u- 
praspinal} agonistic and antagonistic effects, whereas bu- 

torphanol only antagonizes mu receptors. In addition bu- 

prenorphine is not Fully reversible at mu receptors and 
therefore should probably he avoided until the traumatized 
patient has been completely stabilized. Once the risk of 
degrading mental status k minimal. buprcnorptiinc will be 
safer. Pure opioid agonists such as morphine and oxymor¬ 
pheme can be used, but these drugs are more likely to 
contribute lo CNS depression induced by trauma. An ad¬ 
vantage to either of these drugs, however, is their fuM 

reversibility by opioid antagonists. Should reversal he indi¬ 
cated. extra caution should he taken to ensure slow rever¬ 
sal. thus avoiding a hyperanalge^it response and jfx physio 

logic sequelae. In addition* care should be taken to assess 
the need for repeated administration of the reversal agent 
(Dewty et at.* 1997; Bullock and Ward* 19951 

Direct depression of the respiratory centers, coupled 
with decreased responsiveness to arterial Pm,, arc likely 
to he exacerbated in the patient with cranial trauma. Lung 
volume decreases m the normal patient, and depression of 

the cough reflex (especially morphine) increases aspiration 
of accumulated secretion* and development of atelectasis 

due to retention of respiratory secretions. Respiratory rate, 
depth and rhythm should be closely monitored during 
opioid administration. Blood gases should be monitored in 
patients ai risk for respiratory depression. Although pulse 
oximetry can confirm tissue oxygenation, tissue Pov, drives 
respiratory rale and cerebral vascular responses. Respira¬ 
tory acidosis may develop despite mvrrrud tissue oxygen¬ 
ation, Increased Prrw van lead to increased cerebral blood 
flow, which may exacerbate cerebral hemorrhage. In addi¬ 
tion to effects of cerebral vasculature the respiratory rare 
may be altered (slowed). In a patient whose respiratory 

center is threatened a* a c<mscqucmc of cranial trauma, 
further suppression of die respiratory center by an opioid 
can be life threatening. Drugs characterized by a ceiling 
effect on respiratory depression (e.g., butorphanol anti bu- 

ptEEKjfphme) will decrease, but not exclude, the risk of 
opioid induced CNS respiratory depression, The use of 
continuous epidural opiate infusions is recommended for 

human paiieni* that have sustained multiple pulmonary 

trauma (Dewey et al ., 1997; Bullock and Ward, 1995). 

Cardiovascular depression is also a concern in the pa¬ 
ttern with cranial trauma receiving opioid analgesics. De¬ 
pression can be mediated through the central centers, di¬ 
rect]) on the myocardium, or due to peripheral effects 
(particularly opioids such as morphine that mediate hista¬ 
mine release* Again, close monitoring of rate rhythm, and 
pulse is indicated during the initial stages of opioid use 
Oxymorphone and fentanyl. which are not associated with 
as much histamine as is morphine, might be preferred over 
morphine (Dewey et al., 1997: Bullock and Ward, 1995 i. 

Epidural Analgesia 

Epidural administration ul analgesics can be used to facili¬ 
tate anesthesia for surgery or to provide prolonged postop¬ 
erative analgesia. For analgesic effects, opioids are most 
useful. Opioids cause selective spinal analgesia by binding 


to opioid receptors in the dorsal horn of die spina! corel 
segments. The processing of signals sent by nociceptors is 
modulated. Thus, central effects are absent. Opioids most 
commonly administered epidural I y include morphine, ox>- 
morpltone* buprenorphine. and fcmanyl. The specific opi¬ 
oid tn be used depends on the targeted region. Pelvk 
analgesia can- be prm ided by a number of opioids; for 

abdominal or thoracic analgesia, a drug with a low Lipid 
solubility. ic.g„ morphine I is indicated to allow more lime 
for cranial diffusion (after lumbosacral administration) be¬ 
fore the dura is penetrated Morphine also has the Longest 
onset or action (up to 90 minutes) but. provides the longest 
duration rtf analgesia (up to 24 hours). When used to 
control postoperative pain, it should be administered before 

surgery, FtntanyJ is very lipid soluble. Its analgesia is very 

rapid in onset, but does not extend more than one Jo two 

spinal cord segments from the injection site. Its central 

effects ere more common i hon those of othei analgesics 
because of its high lipid solubility and rapid absorption into 
systemic circulation It con be combined with morphine to 
provide analgesia. the morphine penetrates the dura. 
Pruritus is a common side effect in human patients 

receiving opioids epidural!y Delayed respiratory depres¬ 
sion i.s a complaint in a much smaller percentage of the 
human population. Neither of these side effects has been 
reported in animals. Because opioids cause to paralysis, 
there is little to no loss of skeletal muscle (motor) function. 
Weakness of the detrusor muscle and urine retention are 

not, however, unusual. Among the opioids, buprenorphine 
appears the least likely to cause urinary retention. Catheter 

ization may lie necessary in some patients. 

Local anesthetics provide direct anesthesia at any nerve 
root with which the drag comes in contact. This effect is 

spinal if the drug is administered into the cerebrospinal 
fluid. Bupivacame is more potent and lipid soluble than 

lidocainc yci has a slower onset of action and longer 
duration of effect. Motor blockade should be anticipated 

but cars be minimized by use of dilute concentrations 
(0.0625% to 0.125%), An opioid can be used for diluting 
bupivucaine l to 1 up to 1 to 3 (by volume k 

Epidural administration of analgesics is contraindicated 
for patients wito neurologic deficits or injuries and coagulo¬ 
pathies. bacteremia, and severe systemic infections. Despite 
the lack of reported toxicity, drugs that contain preserva¬ 
tives (such as multiple dose vials) should he avoided be¬ 
cause they may contain preservative* that arc neurotonic 
Tlie risk of toxicity increases with multiple injections. 

Products containing sodium metabisulfile should not be 
administered intrathecally. The use of epinephrine in com 

bination with local anesthetics and, in particular, bupivt- 

cairn: also should be avoided because of very prolonged 
(24 to 48 hours) muscle weakness. Potential complications 
ai epidural analgesia include epidural or intrathecal hemor¬ 
rhage. spinal nerve root trauma, motor blockage (particu¬ 
larly with local anesthetics), central effects as the drug 

diffuses to the brain, and weakness or ataxia. 
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PREANESTHETIC MEDICATIONS 

Introduction 


'Mil* use of preanesthetic medications before general anes¬ 
thesia in d*»gs and cs*l* hav several advantages. The advan¬ 
tages include helping to decrease stress and anxiety, pros tid¬ 
ing analgesia, decreasing the amount of mb sequent 
anesthetic drugs used, and minimizing the cardiopulmonary 
depression associated wiih the commonly used anesthetic 
agents. 


The prcancslhettc medication a used routinely in dogs 
and cats include the anticholinergic v phennthiaz i nc and 
benzodiazepine iranquilizcrx, opioids, and ti r adrenergic 

agonists. Certain drugs discussed in this chapter are not 

labeled for dogs or cals or for the dose and raute of 
administration suggested.. Decisions regarding extra-label 
use should be based on the judgement of the veterinarian 

anil 'the current laws governing extra-label use of drags. 


Anticholinergics 

C cue rail Pharmacology 

Anticholinergics competitively antagonize acetylcholine at 

postganglionic terminations of cholinergic fibers in the 
autonomic nervous system. They are used as prekinesthetic 
medications to decrease salivary secretions, decrease gas¬ 
tric fluid acidity, and inhibit the bradycardtc effects of vagal 
stimulation. Other effects include mydriasis, decreased tear 
formation, decreased intestinal motility, and bronchodila- 
lion, Atropine sulfate and gjycopyrredate are the two anti¬ 
cholinergic drugs used for dogs and cats. 

Atropine Sulfate 

Atropine sulfate (0.(12 to 0,04 mg/kg) can be administered 
in tra m J sc u L »r I y 11M ) , s ubcu 1 ane ou s ly < SC' I, or i n tr a ve - 
ntHisty (IV) The duration of action is 60 to 90 minutes. 


Atropine may stimulate vagal nuclei in the medulla and 
cause an initial bradycardia before die desired effect h 
seen. Other central effects of atropine include depression, 
restlessness, and delirium. Atropine administration may 
cause cardiac arrhythmias and sinus tachycardia. Atropine 
docs cross the placental barrier and may lead to central 
md peripheral anticholinergic effects in the fetus when 
administered to the dam. Arrhythmias* arc more common 
after IV administration and include second-degree atrioven¬ 
tricular block, unifocal ventricular premature contractions, 
and ventricular bigeminy (TTturmon ct al.» 


Glvcopjrrotate 

GJycopyiTolate is a synthetic quaternary ammonium anti¬ 
cholinergic Glycopyrrolaic nitiy be given IM. SC, or IV at 

a dose of 0.011 mg/kg The duration of action is 2 to 
4 hours, significantly longer than that of atropine. The 
cardiovascular effects of glycopynolate are similar to those 

of atropine Glycnpyrrolaie. dm to its large structure, does 
not cross the Mood-brain or placental barrier readily and 
therefore has minimal central or fetal effects (Mun and 
Ifobbclf 1995j 



A cep n> murine 

Acepromazine (0.05 to 0,1 nig/kg IV. IM SC. trot (o exceed 
a total dose of 3 mg>, a phenothiazinc tranquilizer, is used 
commonly as a premeditation before general anesthesia in 
dogs and cats to relieve anxiety. Through depression of the 
reticular activating cyslem and anlidopaminergrc actions in 
ihe central nervous system (CNS), ace promazine produces 
mental calming, decreased motor activity, and increased 
threshold fot responding to external stimuli. Acepromazme 

docs nm produce analgesia but may act synergiHtcally 
when administered concurrently with other drugs with anal¬ 
gesic activity. 
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Admmi stratum of accpromazme will decrease the dthe 
of tobscquent anesthetic agents, Othei effects include anti* 
emetic activity, antihiMaminergic properties, and Lowering 
of the seizure threshold. Hypotension arid hypothermia 

can occur because of depression of" vasomotor reflexes 
Acepromazine is metabolized by the liver and should not 
be used in patients with liver disease. Because of the 
potential for hypotension, acepfoma/ine should he used 
cautiously in compromised patterns, particularly (hose with 
significant cardiovascular disease. Acepromuzinc may in¬ 
hibit platelet function and should 'be avoided in patients 

with coagulopathies (Muir and Hubbelh 1995). 

Diazepam 

Diazepam (0,1 to 0,2 mg/kg IV) is a ben/odia/rpinc tran¬ 
quilizer that possesses muscle relaxant and anticonvulsant 
properties. Benzodiazepines exert their effect by enhancing 
the CNS inhibitory ncurotransmiuers ^^ittiiri-dbutyrk: acid 
(GABA - and glycine and by combining with CNS benzodi¬ 
azepine receptors (Thurman cl nl_. 1996). Diazepam may 

produce a irtiid calming effect in some patients, but agita¬ 
tion and excitement can also occur. Diazepam is solubilized 
by mixing with propylene glycol. Diazepam has minimal 
cardiovascular effects: bradycardia and hypotension may 
occur after rapid IV administration. Propylene glycol is 
associated with pain upon injection and mcompatibiliiy 
when mixed in the same syringe with other drugs. Clinical 
uses of diazepam in small animal anesthesia include pro* 

viding muscle relaxation when given concurrently with 
dissociative anesthetics and as a coinduction agent with 
injectable anesthetics fe.g.. thiopental, propofol, etomidatet 

to decrease their dose or side- effects. The effects of diaze¬ 
pam can be reversed with the benzodiazepine antagonist 
ftamazenil- 

Midazolam 

Midazolam (0.05 to 0.1 mg/kg IV. LM) is a benzodiazepine 
tranquilizer with behavioral effects and clinical uses similar 

to diazepam Midazolam is more potent and has a shorter 

duration of action than diazepam Midazolam is water 
soluble at pH 3,5, At a pH above 4,0, the chemical structure 
changes to become lipid soluble (llkiw. 1992) Unlike diaz¬ 
epam, midazolam can be mixed with other anesthetic 

agents and can be administered IM without earning imta 
tton. Flumazenil con be used U> antagonize midazolam s ef¬ 
fects. 



Opioids act by combining with one or more specific recep¬ 
tors in the brain and spinal cord to produce analgesia, 

sedation, euphoria, dysphoria, and excitement, Fhe p re¬ 
ceptors are thought to mediate supraspinal analgesia, respi¬ 
ratory depression* and euphoria. Kappa receptors mediate 
spinal analgesia, miosis, dysphoria, and sedation, and the 
sigma receptor medial?* hallucinations, psydtomimctic ac¬ 
tivity. and respiratory and vasomotor stimulation. Delta 
receptors are thought to pnmanly modify mu receptor 
activity (Thornton ct d, f 1996-1, Opioid* are classified as 

agonists. agonists/antagonisu, oi antagonists according to 

their receptor activity i see Chapter 22). 

Agonist and agonist/ontagonist opioids are used before. 

during, and after surgery in dogs and cats to provide 

analgesia. Certain opioids may produce sedation in some 
patients. The antagonists are used to reverse the effects of 
(he agonists or agonist s/antagonms- The opioid chosen h 
based on the degree and duration <>J expected pain and 
physical status of the patient. Understanding the differences 
tel ween the commonly used opioids and their possible side 
effects is also important when choosing which drug to use. 
Dose, route, classification, and duration of action of the 
commonly used opioids for dogs and cals are listed in 

Table 23-1. 


Agents 

The o:-adrenergic agonists are used to produce sedation, 
muscle relaxation, and analgesia in dop awl cats- by stimu¬ 
lating presynaptic adrenoreceptors, which causes a de¬ 
crease in norepinephrine release both centrally and periph¬ 
erally, This action leads to a decrease in both CNS 

sympathetic outflow and circulating catecholamines (Muir 

and HubbelJ. 1995). Cardtcpulmonary effects can be sjg- 

nificam with these drugs and include respiratory depres¬ 
sion. bradycardia, first degree or second-degree atrioven- 
irieul.tr blockade. decreased cardiac output, and increased 

peripheral vascular resistance. Because of these effects. 

careful patent monitoring should te employed after admin¬ 
istration in dogs and cats. The useol au-adrenergic agonists 
in compromised patients should be avoided. 

The two ithjsi commonly used, drugs are xylozine arid 

medetomidine, Xylazine (0,2 to l.Omg/kg IV, IM) cm be 
given as a premedication agent alone or in combination 
with opioids, ft is also used commonly as an adjuvant with 
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dissociative anesthetic agents to improve muscle relaxation 
and provide visceral analgesia. M edetomid i ne feat, 40 to 
BO pg/kg IV. IK1; dog. 10 to 40 jx/kg, IV. IM i is (he newest 

uj-agonist approved for veterinary use The user is advised 
to consult the package insert for specific dosing recommen¬ 
dation of medetomidine for dogs. Although the clinical 
effect;; arc similar, medetomidine is more potent and pos¬ 
sesses a higher receptor selectivity profile than xylazine. 
Profound bradycardia is common after medetomidine ad- 
ministration but can be minimized by preemptive treat mem 
with an anticholinergic agent. 

Reversal of the clinical effects of xyla/ine and mede- 
tomidine can Ik- accomplished with specific os-adrenergic 
antagonists. Yohimbine HCl (0.1 tng/kg IVL lolazoline 
(2 mg/kg), and altpamezok arc most commonly used in 

dogs .arid cats. Aitpamezole is used to reverse the effects 
of medetomidine. The manufacturer's package insert has 
specific dosing guideline*. 

INJECTABLE ANESTHETICS 

Introduction 

Injectable anesthetic agents are used to rapidly produce 

unconsciousness. Most often they are given before mainte¬ 
nance of general anesthesia with an inhalant anesthetic 

agent but may also be administered by repealed injection 
or infusion, alone or in combination with other injectable 

agents, to maintain anesthesia. The major disadvantage of 

injectable agents b that, once administered, the effects 
are not immediately eliminated, including any unwarned 
cardiopulmonary changes, 11 k injectable agents used for 

veterinary patients include the barbiturates, dissociative 
agents, propofol, and etnmidrte. 

Barbiturates 

The barbiturates cause depression of the CNS by interfering 
with the passage of impulses to the cerebral cortex Barbi¬ 
turate* are categorized according to their duration of action. 

The ultrashort-acting barbiturates thiopental and methohex- 
iul are the two most commonly used tor dogs and cats to 
produce a rapid induction of anesthesia. The transition to 
inhalant anesthesia is smooth, and recovery is relatively 
rapid due to redistribution. MethohexitaJ is cleared from 
the body at a faster rale and is preferred for sighlhounds, 
which have a more prolonged recovery with the thiobarbi* 

tu rates, 

The barbiturates decrease cerebral blood flow, cerebral 
metabolic rate of oxygen, and electrical activity of the 
brain (Muir and Hubbcll, 1995). Because of these CNS 
effects, ant sthetic induction with a barbiturate is preferred 

lor patterns with certain neurologic disease*, iseizure disor 
ders k space-occupying lesion of the brain i. Other organ 
system effects include cardiovascular and respiratory de¬ 
pression that is dependent on the dose and rate of adminis¬ 
tration. Cardiac arrhythmias may occur, with ventricular 
extrasv stole* and bigeminy being the most common (Muir 

and Hubbcll. 1995). 

Maximal effect from an IV injection of an ultrashon 
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acting thiobarbiturale i$ reached within 30 seconds. The 
duration of action depends on redistribution to lean body 
revues. Barbiturates are primarily metabolized by the liver 
and eliminated by renal excretion. Core should be taken 
when administering barbiturates to patients with liver dis¬ 
ease, as the duration of action may he prolonged. 

Thiopental can be used as a 2% tn 5% solution for dogs 
Mid cats,. More concentrated solutions may cause severe 
tissue damage if accidently -administered perivoscularly. 
For induction of anesthesia, thiopental is administered in 

'mall increments. 2 to 6 mg/kg IV until the desired effect 
is reached. A total dose of 10 tn 12 mg/kg is usually 
sufficient for induction* before intubation and maintenance 
with an inhalant agent. Repeated injections of thiopental 
for maintenance of anesthesia have a, cumulative effect and 

can cause a prolonged recovery, 

Methohexita) is similar in tis effects to thiopental except 

that it is more rapidly metabolized ami is not cumulative 
(Muir and Hubbell, 1995), Methohexital is reconstituted as 
,i 2,5% volution, and a calculated dose of fi to 1(1 mg/kg is 

drawn up in a syringe. Otw-haJf is administered initially, 
and the remainder is given u» the desired effect, in jirrprc- 

mcdicatcd patients* involuntary excitement or emergence 

delirium can be seen daring the recovery period. Treatment 
is accomplished with administration of diazepam, 0.2 mg/ 
lea IV 


Dissociative anesthesia is an anestaic state caused by 
interruption of ascending transmission from the uncon¬ 
scious to conscious parts of the brain (Lin, 1996). This 
group includes ketamine and tiletamine Tiletamine is a 
component of TELAZOL. Dissociative anesthesia is char¬ 
acterized by catalepsy; somatic analgesia; and intact ocular, 
Laryngeal, and pharyngeal reflexes. Control of the airway 

may not be complete; therefore, intubation with a cuffed 
endotracheal tube is recommended - Visceral analgesia is 
poor. Muscle rigidity or reflexive skeletal muscle move¬ 
ments can also occur. Dissociative agents are used com 

motile for induction and maintenance of anesthesia in cals 
and dogs. 

Both ketamine and tiletamine inccease cerebral blood 
flow and intracranial pressure and therefore should be 
avoided for patients m which these effects could be detri 
memo] (Lin* 1996). Seizure activity may be seen, particu¬ 
larly in dogs. Due to sympathetic stimulation* the* cardio¬ 
vascular effects include an increase in heart rate and arterial 
blood pressure. The myocardium becomes sensitized tn 
catecholam i ne-induoed arrhythm Las. Al though ventilal mm 
and arterial oxygenation generally remain adequate, an 
apneustic or irregular breathing pattern may be observed 
after administration of a dissociative agent. Transient apnea 
may he seen after rapid intravenous administration, Exces¬ 
sive salivation can occur and is controlled by administra¬ 
tion of an anticholinergic. Hallucinatory behavior, emer¬ 
gence delirium, or CNS excitement may he observed 
during the recovery period. Prior administration of a tran¬ 
quilizer will attenuate these effects. 

Although ketamine is metabolized primarily by the liver 

in the dog h it is excreted intact by the kidneys in the cal 
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Ketamine should be used with caution m animals with 
hepatic or renal diNtutvc- In cals with urethral obstruction, 
ketamine can be used if renal disease is absent and the 
obstruction jx relieved Ttlctamine is excreted predom i 

nantly by the kidneys. Tclazol is contraindicated in patients 
with pancreatic disease or impairment ot renal function 
Ketamine can be administered [V II lo 2 mg/kg) or 1M 

i 2 lo 20 mg/kg) for induction or maintenance of anesthesia 
in cals and dogs. Intravenous administration is used for 
induction before intubation and maintenance with an iuihar 
lant agent or for anesthesia in short procedures, Inimmuscu 
lit administration in combination with agents providing 
analgesia and muscle relaxation (be,. \y larine), is used for 
maintenance of anesthesia in surgical procedures. Duration 

of action is dose dependeni Recovery from large JM doses 

of ketamine may be associated with prolonged recoveries 
Ketamine should be combined with a tranquilizer muscle 
relaxant, or opioid lo provide muscle relaxation and addi¬ 
tional analgesia and to ease the recovery period- Using 

adjutants is important when administering ketamine to 
dog' because, when used alone, extreme muscle tone, spon¬ 
taneous movements, violent recovery, and convulsions can 

occur 

TELAZOL is a combination of UJetaminc and zoJaz- 

epam. Tile tarn me has a longer duration of action and 

greater analgesic effect than ketamine. Zolazepam, a benzo¬ 
diazepine tranquilizer, provides muscle relaxation and is an 

effective anticonvulsant THLAZOL has been used IN (4 

to 15 mg/kg), alone or in combination with xylazine or an 
opioid, for induction and maintenance of anesthesia in 
surgical procedures. Lower doses |2 lo 4 mg/kgJ can be 
given inlravcnuusly fur induction before intubation and 
maintenance with an inhalant agent. Adverse responses to 
TELAZOL can occur during the recovery period, particu¬ 
larly in dogs. These responses include muscle rigidity, 
convulsions, and emergence delirium. Using the lowest 
dose of 1 ELAZf >L possible and treatment with a tranquil- 
izer will minimize these effects. 


Propofol 


Propofol )2,fe-diisupropy|phcnoll is classified us a non bar - 
biturate sedative/hypnotic agent. It is an alky [phenol, is 
poorly soluble in water, and is solubilized in a lecithin- 
containing emulsion flntralipidl. Propofol emulsion is ca¬ 
pable of supporting microbial growth, and therefore unused 
propofol, in either an ampule or vial, should be discarded 
within 6 hours. Fhc advantage of propofol over other 
injectable anesthetic agents is its rapid recovery profile 
(Branson ami Gross, 1994k 

Propofol causes a decrease in both intracranial and cere¬ 
bral perfusion pressures and therefore can be used in 

dents with neurologic disease Propofol has cardko oscular 
effects similar to the thioharbiiuratev including a dose- 
dependent decrease in arterial blood pressure, cardiac out 

put, and systemic vascular resistance. Heart rate may re¬ 
main unchanged or increased. Ventricular arrhythmias may 
also be observed- Propofol should be used with caution in 
patients with severe cardiovascular disease. Propofol dbe^ 
cause a dose dependent respiratory depression and may 


also cause transient apnea. Methods for ventilatory support 

should be available. 

Propofol is ooncumuUuivc, Termination of the anesthetic 
effects from propofol is dm to redistribution from vessel- 
rich tissues followed by rapid biotransformation by the 
liver. Propofol is rapidly cleared from the body h} hepatic 
and cxirahepalic metabolism. 

Propofol can be administered a* m IV bolus (4 to >6 mg/ 
kgj for induction of anesthesia as well as maintenance of 

anesthesia by a constant-rule infusion (0.4 mg/kg per mi 

nutei Propofol does not provide analgesia; therefore, pain 
ful procedures should not he performed when given alone. 
Ptc medication with an opioid or Oj-agactist will provide 
analgesia, but dose requirement' for propofol will be low¬ 
ered Propofol allows ft* » rapid recovery with little to no 

hangover effect compared with foe ihiobarbituratcs. Side 
effects include excitement during induction or recovery m 
un premeditated patterns, pain on injection, and occasional 
muscle tremors or myoclonic activity (Smith el aL 1993). 
The main disadvantages of propofol are cost and limited 

shelf life. 


Etomidnte 

Etomidate is an imidazole derivative classified as a rapid¬ 
acting, non barbiturate anesthetic agent (Muir and Mason. 

1989) It \s not a good analgesia Etomidate (I to 3 mg/kg) 
i'j used as m IV induction agent before intubation and 
maintenance with an inhalant agent. The main advantage 

of etomidate aver other injectable induction agents is its 
minimal cardiopulmonary depressant effects, and therefore 
it is very' useful for severely compromised patients. 

Etomidate is a good induction agent for neurologic 
procedures because it depresses cerebral blood flow and 

cerebral metabolic rate of oxygen. Administration of etomi- 
dale produces little change in heart rale, arterial blood 
pressure, and cardiac output. Transient apnea may be- ob¬ 
served after induction Jn unpre medicated patients, admin¬ 
istration of eiomidate may be associated with pain on 
injection, involuntary muscle movements, gagging, or 
retching (Muir and Mason, 1989), Prior prcmedicatian with 

a tranquilizer and/or opioid will attenuate these effects, 

Etomidate causes transient adrenocortical suppression 
(Kruse-Elliot et al„ 1987l. The effects may be seen for 2 
to 3 hours after a single IV b*.h.s r Although it is thought 
that this suppression is not clinically significant after a 

single dose, long-term intu.su.in with etomidate is nor rec¬ 
ommended. Eiomidate is noncumu Imv ve, is rapidly redis¬ 
tributed. and undergoes some ester hydrolysis. 


INHALANT ANESTHETICS 


introduction 


Inhalant anesthetic agents are used to produce general 
anesthesia in dogs and cats. These drugs produce unci m- 
sciousncss, muscle relaxation, and analgesia. Inhalant anes¬ 
thetic agents ore administered directly to the respiratory 
system, absorbed from the alveoli into the bloodstream, 
and passed to the brain. The advantage of using inhalant 
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INTRODUCTION 

Succe* sfttl control of ^i/um with amiconvulwuii drugs 
reflects a balance in achieving seizure control while min¬ 
imizing undesirable drug side effects (Parent, 1988). Vari¬ 
ability in the disposition of anticonvulsants and interactions 

among them are important con founders of successful iher- 
iipy. This chapter reviews selected anUconvulsatits focus¬ 
ing on drugs most likely to control seizures in small ani¬ 
mals. The proper use of anLhx>nvulsants is discussed, with 

an emphasis on the differences in Individual ding disposi¬ 
tion, detection of these differences, and rational approaches 
to responding 10 these differences by dose modification. 
The primary topic of discussion is treatment of generalized, 

tonic-clonk seizures ihc most common type afflicting 
small uiiimuls- Opinions regarding anticonvulsant therapy 
van among clinicians. Must of the comments and recom 
mendations offered in this discussion reflect personal ob¬ 
servations in a therapeutic drug monitoring service Mid 

completed as well as ongoing clinical trials that focus on 
the use of anticonvulsants cither alone or in combination 
with phenoharbilul. 

It is important to approach epilepsy as & clinical mani¬ 
festation of an underlying disease. Thus, therapy is mure 
likely to be effective if the underlying disease is treated. 

Such causes should be identified and appropriately treated 
before chronic anticonvulsant therapy is instituted Neu¬ 


tering of animals (male and female) is strongly encouraged 
not only for ethical reasons but also to minimize the poten¬ 
tial adverse effect of circulating sex hormones or neuronal 

membrane stability. 1 nfonunaiely. the underlying cause of 
disease often cannot be identified (idiopathic epilepsy) or 
treated such that seizures arc adequately controlled. Re 

gmlless of the cause of seizures in such cases, management 

is based on control of seizures with anticonvulsant drugs. 
Undesirable side effects arc often the limning factor in the 
use of anticonvulsant drugs, and not all seizures necessarily 
need to lie treated. 

Certainly immediate, short-term anlitonvulsanl therapy 

h indicated for status epdcplkus (*« later definition) or 

duster seizures. Chronic therapy is generally indicated for 

Vi 

Seizures that last more than 3 minutes, cluster seizures (for 

which there is no ddincablc interne tut period). or seizures 
that occur move frequently than once a month Seizures 
that are not sufficiently controlled can lead to additional 
seizuring (kindling) or to (he* development of a second 
“mirror'* locus of seizure activity. This might be mani¬ 
fested <i& a decreasing ifitcricial period or a worsening of 
seizure activity (including duration). 




The normal resting membrane potential (RMP) of the neu¬ 
ronal cell is —7(1 mV. The electrical difference across the 
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cell membrane is maintained by an N a * JC * - ATPase pump. 
Depolarization and the generation of an action potential 
occurs when the RMP becomes sufficiently positive to 

reach threshold. As with other membranes* the RMP of a 
neuron ls determined by the concentration of negative and 
positive ions across the membrane. Important ions include 
Nii • ■, and Cl * The concentration reflects ion 

fluxes and thus permeability of the cell membrane to the 
ions Fluxes resulting in an increase in positive ions inside 
the cell relative to the outside hypopolanze the RMP 
bringing it closer <o threshold and subsequent depolariza¬ 
tion. The tendency of a neuron to depolarize reflects, in 
pan the sum total effect of neurotransmilterc (Nffc), which 
interact with the cell membrane.. Inhibitory NTs such as y- 
amino butyric acid (GABA) funder the RMP more negative 
and less susceptible to depolarization (Fig. 24-1) (Loscher* 
1993). Excitatory NTs such as acetylcholine and glutamate 
elevate the RMP to a more positive status, rendering it 
more susceptible to reaching the threshold necessary for 
depolarization tLoscher, 1993). Glutamate receptors can 
initiate seizures experimentally; antagonism of } V-methyl- 
d- aspartate (NMDA) receptors antagonizes the excitatory 
effects [Rogawski, 1992: Whetsell, 1996). 

Seizures are the clinical results of rapid, excessive neu¬ 
ronal discharge in the brain Seizures art classified as 
primary (i.e.. genetic) or acquired md as generalized or 

focal. Generalized seizures are much more common in 

small animals; the incidence is greater an dogs than in cals. 

With seizure onset of a generalized character* convulsive 
electroencephalographR: activity begins simultaneously in 
all brain regions (Faingold el aL 1.985), Many seizures in 
epileptic subjects have been attributed to a cortical origin. 
There is increasing evidence* however, that the brain stem 
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can exhibit self-sustained seizure discharge* and this area 
of the brain may serve an important rote in the generation 
and expression of generalized tonic convulsions (Brown¬ 
ing. 1985). Within the brain stem, the pontine reticular 
formation is believed to play a key role in the generation 
or expression of tonic convulsions or both. Studies indicate 

that the ability to depress reticular core activity is an 

essential characteristic of uitiepileptic dregv and suggests 

that the reticular formation is involved in the spread and 
generalization of clinical seizures (Fromm, 1985). 

In due dog, the most common form of epilepsy is gener¬ 
alized tonic-clonic or grand maJ seizures (Cunningham. 
1984; Schwartz-Porsche et &L, 198JV Epilepsy or seizure 

disorders of she central nervous system fCNS) in the dot 

may be caused by an acquired organic lesion such as 
biain tumor* head trauma, toxicosis, electrolyte imbalance, 

hypoglycemia* renal failure, or hepatic disease (acquired or 
secondary epilepsy) or may be genetic or inherited (“true;’' 
idiopathic, or primary epilepsy). An autosomal gene associ¬ 
ated with a sex-1 inked suppressor on the % chromosome 

may explain the higher incidence of seizures in mate dogs* 

Status epilepticus refers to failure of the patient to 
recover to a normal alert state between repeated tonic* 
clonic attacks or episodes that last at least 30 minutes 

(Delgado Esc ucta et al, 1982). Convulsive or tcmk-ckxik 
status epjlepticus is a medical emergency in. which convul¬ 
sive seizures must be terminated by treatment with anticon¬ 
vulsant agents, In humans* epileptic seizures must mu be 
allowed to persist more than 60 minutes if severe, perma¬ 
nent neurologic injury or death is to be avoided iDclgado- 
E&cueta et 1982) The longer m epileptic seizure per¬ 
sists* the greater the incidence of mortality and morbidity. 
Hyperthermia due to continuous muscle contraction may 
become life threatening during continued seizure activity* 
Brain damage due to hypoxia or to the sequelae of hyper¬ 
thermia is more likely if more than 30 minutes of uninter¬ 
rupted seizures occur. 

Seizures cm be initiated by four genera) mechanisms: 
( l» altered neuronal membrane function* which can lead to 


excessive depolarization (e.g . alteration of the Na\K* 
pump, permeability changes in the cell membrane induced, 
for example, by hypoxia, inflammation* or trauma); (2) 
decreased inhibitory NTs, such as GABA, the most potent 
inhibitory NT in the CNS (see Fig, 24 n. (3) increased 
excitatory NTs, such as glutamate; and (4) altered extract 1- 

lular potassium and calcium concentration ([jntcher, 1993; 

Stringer, 1998). Imbalances between excitatory and inhibi¬ 
tory NTs. have been suggested a* a cause of epilepsy; 
indeed, in dogs with spontaneous idiopathic epilepsy, in¬ 
creased glutamate concentrations and decreased GABA 
concentrations have been reported (Podell and Hadjicana- 
umbnou. 1997)* providing a rational target for drug therapy. 
During a seizure extracellular potassium increases and 
calcium decreases, which increases neuronal excitability 

and facilitates the initiation ami spread of the seizure* On.cc 
initiated, the seizure discharge may synchronize with other 
neurons and propagate to surrounding arras list the brain. 

Anticonvulsants block seizure initiation uni propagation 
by blocking abnormal events in a single neuron or the 
synchronization of related neurons. Drugs acting at more 
than one point (e.g., phcnobaibiial) tend to lie most effec¬ 
tive, Alternatively; combination therapy with drugs that 
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life. In cnniravt to its metabolism rate in people, phenyioin 

« very rapidly metaholi/ed in dugs t half-life less than 

2 houi\>. 

One sequela of phase i metabolism may be activation 
to a compound of equal, greater, or 1ess> anticonvulsant 
efficacy than that of to the parent drug Primidone must be 
mctaboli/cd to its active metabolite phenoburbi tal before it 
3 % effective in dogs. Clorazepate, a benzodiazepine, is also 
a pro-drug derivative. but it is converted m I he stomach to 
its active metabolite Although diazepam is rapidly metabo¬ 
lized. its duration of pharmacologic effect is prolonged 

because most of its metabolites have some degree of anti¬ 
convulsant effect (Fig, 24—3 b Hie Half-life of the mciabo 
lues may also be longer than those of the parent eom- 

pou ndK. 

'Die safety of anticonvulsani drugs is profoundly affected 
h> metabolism Phase I metabolites. by their nature, are 
reactive. Although intended to progress to phase II metabo¬ 
lism. some reactive metabolites can interact with and daro* 
.Lge surrounding tissues, which, for hcpaticaJly metabolized 
drugs, is the liver. Thus, hepaiotoxicity may be a common 
and predictable sit!e effect of long-term anticonvulsant use 1 
Tk* larger the dose and the greater the amount of drug 
metabolized, the greater the potential loxicity. 

In addition lo causing hepaInto*icity any drug metabo¬ 
lized by the liver can potentially affect dreg-metabolizing 
enzymes, and drug interactions are a common sequela of 
anticonvulsant therapy. The lype of interaction is difficult 

to predict and varies with each drug combination. Phenci- 
barbital is the most potent hepatic drug-metabolizing en¬ 
zyme inducer known. The rale of drug metabolism will 
increase clearance, and i assuming patient volume of distri¬ 
bution does not change) the elimination half-life of many 
drags subsequently will decrease if a patient receives con¬ 
tinuous phcnoharbital therapy. Pbenobarbital increases its 


own rate of metabolism, and therefore drug concentrations 
of p I tenobaibllal con be expected to decrease in patients 
receiving long-term therapy without changing (decreasing) 
the dose. A dose increase should be anticipated in patients 
after 3 lo 6 months; monitoring should be used u> guide 
the dose increase. Phenyioin is another potent enzyme 

inducer It also con decrease the 'drag concentration of 
phe no barbital when the two drugs ore given in combina¬ 
tion, It can also compete with pbenobarbital for metabo¬ 
lism, however, resulting in m Increase in the concentration 
of one or the other drug. Thus, the effects of the two drugs 
when given in combi nation are not predictable. Clonzcpale 
increases concentrations of phe no barbital (reason un - 
known); this effect is more Ulccly to be clinically detectable 

when plasma concentrations of phenobarhital are high 
<>35 jig/mL) and a high dose of clorazepate is given 
(2 mg/kg) (D. M JBpersonal experience). 

Nek- that drugs that impair or inhibit drag-metabolizing 
enzymes will also impact anticonvulsant therapy if (he 
anticonvulsant is metabolized by the liver Cimetidinn, ke- 

toconazole, aid chloramphenicol are drugs that decrease 
drug metabolism ami thus potentially increase concentra¬ 
tions of the anticonvulsant Chloramphenicol can increase 
pbenobarbital concentrations more than MY* in a*, link as 
2 days, leading lo unexpected and potentially profound 
grogginess (O.M.B.. personal experience). 

Hepatic metabolism of anticonvulsants also impacts the 
efficacy of anticonvulsant therapy. Tbn relationship be¬ 
tween the dosing interval of an anticonvulsant and the rate 

of elimination affects therapeutic success. This relationship 
is explained more in depth in Chapter t The rate of 
elimination is reflected in the drug cltmimuion half-life 
(ii/jK the time necessary for 50% of the drug to be elimi¬ 
nated at steady state. The dosing interval is generally based 
cm an acceptable level of fluctuation between peak and 
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oustv. with a drug that accumulates* the lime to reach 
steady-stale concentration can be several days to several 
weeks, depending cm drug half-life, The time 10 steady 
state and therapeutic response may be unacceptably long 

for patients suffering from severe, life-threatening seizures 
For such patients, a hading dost can be administered to 
achieve therapeutic ant icons uhani concentrations immedi¬ 
ately or within the first few days of therapy. In brief the 

loading dose is a sum of all the daily doses that would 
have been administered before steady state minus any drug 
that would have beer 1 eliminated from the body during that 
time period. The major disadvantage of a loading dose is 
the sudden effect of therapeutic concentrations in the CNS; 
there iv no time for adaptation to occur and adverse effects 
tsedation, ataxia} arc more likely than with gradual in 

creases in drug concentrations The maintenance anticon¬ 
vulsant dose that follows the loading dose is designed 
to replace drug eliminated during a dosing interval, thus 
maintaining therapeutic concentrations achieved by the 

loading dose Both the loading and maintenance doses are* 
however, based on population disposition parameters Yet 

individual differences in drug dimiruiliun may result in 
therapeutic failure with either dosing regimen 

Therapeutic drag monitoring (TDM I can be used 10 
document these differences and to guide modification of 

the maintenance dose. Generally, monitoring is recom¬ 
mended after the loading dose is completed, and to ensure 

that the maintenance dose is correct* at one drug elimina¬ 
tion half life. This second time is- selected because, if the 
maintenance dose docs not maintain whai is achieved w ith 
the loading dose, the majority of the change as a new 
steady state is reached will occur during the first half-life 
of the drug. Thus, for bromide in particular, a maintenance 
dose can he changed proactively at 3 weeks after the 
loading dose .rattier than waiting for the risk of seizures « 

marked sedation at 3 months as the new steady state is 
finally reached. 

THERAPEUTIC DRUG MONITORING 

Therapeutic drug monitoring can be a powerful tool for 
controlling the difficult epileptic animal. Unfortunately, not 
all anticonvulsant drugs can he monitored (see Chapter 4'j. 
A therapeutic range must he established for the drug, and 

response must correlate with plasma drug concentrations. 
An easy, tmi-efleetive assay that requires minimal sample 
hand!mg must be available Among the anticonvulsants to 

fee discussed, automated assay s are available for phenohar- 
bind (also used for primidone) and the benzodiazepines. 
Bromide can also be assayed, although the tedium of the 
assay Limits the number of Laboratories that offer this ser¬ 
vice. 

Drug cotK5emr.iiions should be monitored after a loading 
dose, one drug elimination half-life later, and intermittently 
(c.g.. including baseline and a 3- In 6 - month interval) at 
steady slate. Monitoring i\ indicated whenever the dose is 
changed tai the new steady state} or when the patient 
seizures. If drug half*life is substantially longer ihuri the 
dosing interval (wc recommend .greater than 3 times), peak 
and trough concentrations will be very similar, and a single 
trough sample collected just before a dose is sufficient. 


Thus, tor bromide and in patients tor whom phenoharhital 
is characterized by a long half-life lt,e.. induction has 
been minimal}, a single [rough wimple is sufficient, We 

recommend a trough father than a peak sample because, of 
less variability at this time compared with 'peak time*. 
1 siiaLly, both phenobarbiial and bromide can be measured 

in the same sample. On the other hand* if the dosing 
interval is equal to or greater than of the drug ha It - 
life, both peak and trough samples should be collected to 
document the proximity of plasma drug concentrations to 
toxic and subtherapcuiic concentrations and to calculate 
half-life so that the dosing interval can be modified if 
necessary. Thus* for the benzodiazepines or for phenobarbi¬ 
tal m patients for whom induction has occurred, we recom¬ 
mend both a peak and a trough sample, 

Note tfiat induction by phenoharbital cannot be detected 
without a peak and a trough sample (a sort of catch 22 
one must collect both a peak and .s trough sample to make 

sure that subsequent monitoring can consist of a trough 
alone). For peak samples, we recommend collection at 4 
tt j 5 hours after the dose, fof lowed by a trough satnpk just 

before the next dose, A less accurate but more convenient 
schedule is collection of a trough sample before the morn¬ 
ing dose .and a peak sample 5 hours after the dose. 'The 
time of sample collection in relationship to dose adminis¬ 
tered before both peak and trough .simple collection must 
be known if the half-life 3$ to be calculated, Wc recommend 

that animals fast before samples are collected. Special 
handling preparation is not generally necessary lor TDM, 

although die laboratory should be called to confirm special 

handling procedures Scrum separator tubes should* how¬ 
ever, be avoided. Serum separator tubes contain silicon, 
which may bind anticonvulsant drugs Either these tubes 
should not be used or serum should be withdrawn from the 
tube immediately after centrifugation (Boothe, 1998j_ 
Interpretation of TDM results can be facilitated by a 
clinical pharmacologist, Wc use the algorithm* noted in 

Figures 24—4 and 24-5 to facilitate interpretation and to 
make recommendations. Therapeutic failure should not be 
considered if a patient is seizuring simply because the 
therapeutic range ha* been achieved, Fite hazards of using 

a therapeutic range as a guide to clinical response are 

discussed in Chapter I. Monitoring should be used to 
identify 'the therapeutic range for the individual pattern. 
Thus, for a patient that is not sufficiently controlled, doses 
can be increased gradually until the maximum range has 

been reached and the risk of advene affects becomes too 

great. For patients who react adversely to the drag at 

concentrations below the maximum, therapeutic range. 

TDM car be used to establish the maximum that can be 

targeted in such patients. Alternatively* many patients it- 

quin and can tolerate conocntraiions of less toxic drugs, 
(e.g bromide) despite concentrations well above the maxi¬ 
mum recommended Again* TDM is used to establish the 
range for these patient* 

We use a "siair-xtep’ T approach to dose modification as 
delineated in the Algorithms. For example* we increase 
phenobarbital by 5 pg/inl in patients that have not suffi¬ 
ciently responded. Generally this requires an approximate 
increase in dose by 25%. After steady-slate concentrations 
have been reached plus one seizure interval, the patient is 

reassessed Hie incremental increase is continued until 



Hidden page 



4M 


A Syulfilii Appfindl 


<05 

\i patient a seizure iree >6 
months and history ia 
support rv*. con&Oftr 
^WOntimjiny drug stowly 
over 3—4 months 


0.5-1 0 

Load with 225 rngfog and/w 
rincriMM maintenance dose 

toy 2S%~ &0% 

>1.0-25 

Maintain dose Check monthly 

until steady state: tn#n check 

every 6 fPonUts 

> 1 -5-3 0 

if no sagas of toxoty, as above; 
if toxicosis, as below 

>3.0 

If sign* J touoo&s, decieass 
dbse 25% p#r month to 
minimum effective dose 
Hole dlnical response may 
not t# evident for f-2 weeks 


Targer seam bromide 

1. O’ 3.0 mg/mL 




*No 


is patent seizunng ? 


VflB** ;f 




1 This algorithm can be used regardteiia of other 
anbconvuteart drugs. Anticipate tower 
concern rations lo be necessary or risk at toxicity 
«er®sas@d writ combination therapy. 

f Loading doses are recommended tor patients with 
severe seizure history t squiring ra#d control, 

t Number in box raters to patent's current serum 

bromide lave* (mgftnL). 

f Pattern $hmM b# a 1 steady state or a loading 
do«e was Imptomenled for this algorithm to be 

useful Steady state concentrations require 
approximately 3 months cri administration at the 
seme doee. Any change In ii« dosing regimen 

for patient* health) wifi require another 3-4 month* 

tor a new steady elate to be- reached- 
I Any done increase is likely to cause an rncrease in 

grogginess. The grogopnwt should resolve within 
t -2 weeks Grogginess may not be evident, however. 
until a new steady slate is ranched 

% Bromide concentrations should be emoted within 
several day* of completing u loading dose and 
1 month taler. If 1 month concentrations do not equal 
peat-load oonoantration*. the maintenance doea 
rtioiAf be changed proportionally ta the desired 
change in sedan drug concentration. For exampte, 
a 25% increase in serum bromide will require a 
25% increase .n the roaintenwre® dose 


<10 

Load with £25-400 mgftg and 

increase rnatetenence dose 25 3 #»50% 

targeting 1.0 mg/mL. Recheek after 

touting anu at 1 and 6 month® 

1 0 to <1.5 

Load With 150-300 mgAg end wxreas? 

maintenance dose 25%-fiOS, 
targeting 1.5-1.75 mg/mL fletdteck 
after loailng end el l and 0 mantis 

1.5 to <2.0 

Load with 225-3S0 mgfltg end increase 
maintenance dose by 25%-50% r 
targeting 2,0 225 mg/mL Check after 
ioatfing and at i and 8 monte* 


2.0 to <2.5 

Load with 30CMW0 mp/kg, 
25 ^50%, targeting 2 
Check m above 


increase dose 
75 mq/trL. 



>2 5 to <3 

As above. targeting 3 0-3JH. Welch 
closely tor bromide toxtofty 

>3^0 to <3. S 

As above. targeting 3.5-3 75 


fijurt 2 *-& Ufcitiihni for dose modi fit a non tor bromide dosing rcgtmen*. 


minute* Failure In crmirol seizures may indicate the need 

for pentobarbital. which is a general anesthetic, not an 

anticonvulsant. As such, the risk of cardiovascular or respi- 

ralory depression is great. An advantage to the use of 
pentobarbital however, is its protective effects on the brain 
tinting periods of hypoxia induced by the seizure. 

Alternative routes of anticonvulsant therapy might be 

considered for clients attempting to cxmtml life-threatening 
seizures without immediate access to veterinary medical 

assistance, PhenoharbitaJ 15 mg/kg) diazepam, anti lora- 

/epam arc partially bioavtulable after rectal administration 
(Mcraiey and Boothe. 1995: Papich and Alcorn, 1995). Bro¬ 
mide also can 'be given racially. The risk of potassium 
overload can be minimized by administration at the loading 
dose over a 12- to 24-hour period in 5- to 15 nil increments 
General gas anesthesia generally should hi avoided in 
the patient with status epilepticus because of the risk of 

hepatotoxidty induced by the anesthetic that may occur 
w Lth prolonged therapy. If pursued, anesthetics that arc 
minimally hepatotoxic should be selected. Discontinuation 
of therapy should be undertaken cautiously to minimize the 

nsk ol seizures. Propofol and etomidate are lwo chemical 
restraining agents that, dthough expensive, are character- 
ized by anticonvulsant effects Of the two. etomidate (a 
human drug milyl may be characterized by CNS protective 

effects. Tbtw drugs can he administered as IV infusions 
to effect tsee later discussion under brain trauma). 


Status epilepticus may require management of cerebral 
edema (see later discussion of brain trauma and injury). 



What constitutes successful anticonvulsant therapy will 
vary among clinicians and may be defined as client satis¬ 
faction. Eradication of seizures may he an unachievable 
goal; decreased frequency,, severity* or duration of the sei¬ 
zure episode may be considered a success for many ani¬ 
mats. Indeed., close counseling of clients and reorientation 
to what constitutes successful control may be important 
techniques to successfully treating an epileptic dog. 

If manipulation of a dosing regimen is the focus of 
successful control, a chosen therapeutic regimen should not 
be abandoned until steady-state plasma drug concentrations 
have been reached., Thus, an animal should mt be consid¬ 
ered refractor* to a drug simply because it is receiving 
more than the recommended dose or its serum concentra 

lions are within the therapeutic range. A drug should not 
be abandoned until serum concentrations in the maximum 
therapeutic range (or* for bromide* potentially well ex¬ 
ceeded l have teen documented or unacceptable adverse 
si i k effects occur. Regardless of the wtimvulsuii used, 
therapy should never be stopped suddenly, and drug con- 
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ccntrations should mil be allowed lo drop precipitously 

during a dosing interval Status epiJepUcus may occur, 
Anticon v u I sunt-i ndnoed I i-er disease should be disrm 
gw:died from hepatic induction induced by eiiher phenohar- 
bital nr primidone Phenoharbital and primidone adminis¬ 
tered chronically cause nonpalhologic changes in the livers 
of most patients, Moderate elevations in ihe serum IraUsam- 
inascs and scrum alkaline phusphaiasc activity and abttur- 
malices (more than 50 mol/L) in fasting bile acids and. 
serum albumin are indicative of hepatic pathology The 
incidence of serious liver toxicity can be reduced by 
avoiding combination therapy with more than otic drug 
metabolized by the liver, using TPM. (N eft-Davis NSto 
tsce Chapter 4) to achieve adequate serum concentrations 
at the smallest dose possible, and evaluating hepatic func¬ 
tion every 6 months or more, depending on the magnitude 

of pheitobarbital serum concentrations. The higher the 

plasma drug concentration, the more important hepatic 
monitoring becomes, Seizure-induced hypoxia cam result in 
liver damage; thus, evaluation of the liver should not occiu 

in association with a seizure episode. Hepulotoxicity in* 

duced by anticonvulsants i> often reversible if’ the drug 
dose is sufficiently decreased be lore cirrhotic changes oc- 


c ur, 

Phenobarbita] has remained the tint-choice anticonvul¬ 
sant for chronic control of seizures in both dogs and cats 

due to its efficacy and. as long as. drug concentrations do 
not approach Ihe maximum therapeutic concentration, 
safely. Therapeutic drug monitoring should be used to 
ensure that adequate serum drug concentrations Jiave been 
achieved before the patient is considered refractory. As 
concentrations of phcnobarbiial approach the maximum 

end ot ihe therapeutic range, an alternative regimen should 

be considered, life addition of a second anticonvulsant is 
the most likely nexl step. 

Bromide is recommended as ihe first combination drug 

of choice for dogs should phem>harbital therapy fail. Bru- 
midc increasingly is being used as live sole anticonvulsant, 
although a sex ere seizure history may warrant using a more 
accepted and predictable first-choice drug ire., phe nofearbi- 

[alt Control ling refractory seizures with bromide has been 

facilitated in our laboratory using a stair-step approach We 
increase bromide concemraiiotis in uVmte'ml. increment* 
(sec Fig, 24—5). If the patient develops seizures at one 
concentration, the concentration is increased to the nexl 

level. This is continued until the patient is acceptably 
controlled or sedation becomes untenable. In the latter ease. 


decreasing phcnnhaihjtol concentrations by 23' i may help 
resolve grogginess. |j ihe goal of bromide therapy is to 
wean the patient off phenoharbita). we confirm that bro¬ 
mide concentrations am- at least 1.5 mg/mL and decrease 
phenobarbhal by 25 ft each 2 to 4 weeks. We monitor 

phenobarbi tal at tiach decrease in dosage so that we have 
a target should seizures return. Some animals require bro 

nude concentrations of 2.5 mg/mL or higher before pheno- 
harhital am be lowered to less than 2f) pg/mL (our standard 
goal) Phennhajhital may not he "decreasable" an some 
patients, despite bromide concentrations that approach 
3 mg/mL. On the other hand, some patients can be loially 
"weaned” off phcnobarbitaL 

Diazepam has been the second drug of choice for 
chronic control of seizures m cats. Bromide as either the 


sodium or potassium salt also has been useful in cals. 

However, bronchial asthma may he an undesirable compli- 
cation. For patients for whom bromide and phenobarbital 
cannot control seizures (after maximum therapeutic con¬ 
centrations ot both dregs base been documented) or for 
patients that are unacceptably gnvggy, a third anticonvul- 
sant can he added. The third dreg should he anticipated [o 
provide better control or allow a decrease in one of the 
anticonvulsants * preferably phe nobarbital) to minimize 
grogginess. Fclbamatc and clorazcpaic have been used by 

the author in this capacity Fine tuning of the proper doses 
should be accompanied hy mortiinrtng whenever possible. 



keserpme, phenothiazine, and bulyrophenonc tranquilizers 
are contraindicated for epileptic patients because they can 
induce seizures Other dregs capable of inducing seizures 
in selected patients include fluoridated quinolonev lido- 

caine, Jind possibly metoclopramidc, Seizures induced by 
lidocaine should be treated with ft benzodiazepine (e g. t 
diazepam) (Sawaki et iL 2000). Morphine sulfate and 
related compounds as well as CNS stiinulanis such as the 
methyl* anthines and behavior-modifying dregs should be 
avoided. Chloramphenicol also activates the CNS and 
should not be used in dogs known to have epileptiform 

seizures. Glucocorticoids may also decrease seizure thresh¬ 
old, although they stabilize neuronal membranes. Long 

term effects on ihe neuronal membrane, however, may 
reflect down-regulation of glucocorticoid receptors and thus 
loss of the stabilizing effect Long-term use of glucocorti¬ 
coids might be minimized for epileptic patients In general, 
drugs for which CNS derangements oi seizures are a listed 
side effect should be avoided in epileptic animals. 




Mechanism of Action 

Phenobarbi tal sodium (see Fig. 24—2) specifically depresses 
the motor centers of the cerebral cortex, thus enhancing 

anticonvulsant properties. Electroshock experiments with 
cats and other species established phenobarbital as one of 
the most potent anticonvulsants available. It ha.' the widest 

spectrum of activity in different convulsive seizure pat¬ 
terns Most other antic pi tept ic agents have been synthesized 
as structural variants of phenobarbital (dc Angelis. [ 97V j. 
For example, primidone is a close congener of phenobariu- 

tal. 

PhtnnbarbiLal is the most effective anticonvulsant to 
delay progressive intensification of seizure activity that 
may accompany epilepsy, Phenobarbetal both increases ihe 
seizure threshold required for seizure discharge and dc- 
creases the spread of discharge to surrounding neurons, I he 

primary means by which phenobarbital decreases seizure 
activity is by enhancing responsiveness to the inhibitory 
posLsynaptic effects of GABA. Interaction of GABA opens 

u chloride channel, resulting in higher intracellular conceit- 
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months for its complete disappearance m the diig. In new 
born rats, plkmoharbiial induces a long-term, perhaps per¬ 
manent, alteration in hepatic minted-function oxidase activ¬ 
ity (Paris and Campbell. 1981). Induction can alter the 

f I imination half life and thus duration of therapeutic re¬ 
sponse to other drugs me La boh/cd by the liver. Many drugs 

have ‘x-i- n shown to he affected, including among of hers m 
the dog, digoxm and digitoxin (Ravts el al., I9H7; Bre/- 
nock. 1975) and thiopental I Sams and Muir, 1988 k Be¬ 
cause induction increases the production of potentially 

toxic metabolites* potentially hepatoloxic drugs should not 
tv used with phcncbarbitaL .V-aeetykystcinc might be used 
in cases of acute hcpaiopaihy. 

Side Effects 

Behavior Polyphagia, polydipsia, and polyuria arc >3dc 
effects that occur in animals receiving clinical dosages of 
phcflobarhjtaJ (Kay and Fenner, 1977). The poly uric effect 
is apparently due 10 an inhibitory action in the release of 
amidiurelu hormone Identical sedative side e Fleets are 
observed in the dog after treatment with phenobarbital or 

primidone (Schwartz-Porsche et al,, 1985). Dogs appear 
fatigued ami listless after receiving cither drug; some arc 
weak in the mar kgs. and ataxia occurs. All of these effects 
ma> be long lasting and may persist in some cases for the 
duration of treatment: however, tolerance; to these effects 
will develop in many dogs within 1 to 2 weeks after 
initiating the dosing regimens. 

Kmu Marrow Dyspraxias. Phenobarbital can causa 
what is an apparent allergic reaction manifested as a bone 
marrow dyscrasia in dogs. Pancytopenia or (more com¬ 
monly) neutropenia is detected alter a complete blood 
count in animal' that presented with a variety of clinical 
signs Bone marrow- suppression generally resolves rapidly 
once phenobarhitaI is discontinued- Care should he taken 
to begin an alternative anticonvulsant drug ic .g., bromide) 
in animals that art at risk for worsening of seizures should 

phenotobi t j I he i. ip idl y disconLi nued. Phcrlohurhi i al in¬ 
duced coagulation has been reported in the cut i Solomon 

cl al. 1974). 

'Iltyroid. Fhenofrarbital can induce tissue y peripheral 
tissues and the liver) metabolism of thvro:d Immumcs 
Thyroxine ifree and total) decreased in one >tud> (Muller 
ei al.. 2000a) and TSH rcvptm.se was delayed. Apparently, 
thyroid stimulating hormone sap he similarly affected 
Thyroid screens in apparently normal animals that yield 
resultv indicative of hypothyroidism do not necessarily 
indie ale the need for treatment. On the other hand, if an 
animal presents with clinical signs consistent with hypothy¬ 
roidism, replacement therapy may he indicated. 

Htpniotox Icily* At. high plasma drug concentrations 
(: c., more than 30 io 40 pqi/mL), phcnobarhitol appear-• to 
be hcpalotuxic, Animals whose liver is induced and thus 
require high doses of pheitobarbitnj io maintain drug con¬ 
centrations m the lower therapeutic range may also be 
more susceptible io toxicity because of increased formation 
of metabolites. Phenohaibilal will also cause nonpalliologic 

changes in hepatic clinical laboratory tests due io induction 
of enzymes. Serum alkaline phosphatase ’SAP) and the 


trun.Miimnascs arc likely to increase with chronic therapy 
(Muller et aL 2000b; Bunch et al,. 1984, 1987; Bunch, 

I99J; Dayretl Han ct al., 19911. These are not necessarily 

indicative of liver disease. Changes associated with true 

hepatic pathology are more likely with primidone {see 
later) Moderate elevations in aJanine transaminase and 
vAE coupled with changes in bile acids, are more indica¬ 
tive of hepatic pathology fi e * liver disease). Hepatic func- 

tion lexis leg,, remm bile acids) shtiold k studied to 

monitor the development and/or progression of liver dis- 
ease. Bilirubin to noi been a sensitive indicator of liver 
disease induced by phenohartri ml for the author: indeed* it 
generally increases only with end stage liver disease, jf al 
all. Interestingly; decreased serum cholesterol levels have 
occurred relatively early. Decreased serum urea nitrogen 
and albumin levels are supportive of phenobarhital induced 
hepatic disease ami the need for rapid but cautious with¬ 
drawal of phenobarbital in concert with initiation o L an 
alternative amiconvulsant The incidence of serious liver 
toxicity con be reduced by avoiding combination therapy, 
using TDM to achieve adequate scrum concentrations at the 

smallest dose possible, and evaluating clinical pathology 

changes every 4 to 6 months while the patient j-' recei ving 

therapy. Note that liver enzymes are generally increased 

after a seizure due to the effects of for example, hypoxia. 
Hepulotoxicity at lower concentrations is much less common 

Treatment of Acute Phenobarbetal Toxicosis 

Treatment of acute phenobarbetal toxic i>vis is generally 
supportive. Dugs apparently cun tolerate marked overdos 
i n g (cone c n trat io n s . ippro \ i ma tc 1 } 1 5 0 p. gJ ml.) wit ho u t 
persistent effects once sedation to resolved. Artificial res= 

ptration with oxygen should be administered lo prevent 
hypoxia from respiratory arrest induced h) overdoses of 
phenoharbita). Although 'less effective than oxygen, doxa- 
pram or other analeptic drugs pi.iy he used to stimulate 
the respiratory center A to alkalmizatum of the urine 
accelerates renal excretion of pherrobarbihd; increased ion 
i/xdicHL of phenobarhiLkl by this alkalimzaiion hastens dim- 
ination of the drug dc \ngcliti, 1979). Activated charcoal 
effectively accelerates the body clearance of phcitobarbitj] 
(Herg et af h 1982). When charcoal is administered in the 
human, the bio logic half-life of phcnoharbital decreased 
from 110 +8 to 45 ±6 hours: it increases the local body 
clearance of pbenoharhital from 4.4 d 0,2 to 12.0 ± 1.6 ml J 
kg per tontr (Berg et al„ 1982). A-acetylcysteiae might also 
be administered as for acetaminophen toxicosis. 



Primidone A metabolized in the User to phenylethylma- 
lonic acid (PEMA) ami phcnoburhital (Frey ct al., 1979) 

(sec Fig. 24-3). Although all three compounds have anti’ 

convulsam activities. phenobarbtuJ is much more potent 
and has a longer half-life than jvmiidone and PEMA (and 
thus accumulates) Phenobarbetal concentrations can be 


correlated with primidone efficacy and should he monitored 
rather than primidone. The side effects ttoted for phenohar 
b 11 al occu r w ith prtmjd*>ne a * well. Target thcrapeui 1 c 
ranges are the same as for pbenobarbiuk Primidone contin¬ 
ues to be used for patients that have proved refractory to 
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phcnnharbital at the maximum therapeutic drug concentra¬ 
tion ri,e., 40p.g/mL). Note that its efficacy in this scenario 
has not Ken proved (Porsche cl al., 1985; Schwaru- 
Porxchc cl al * 1982), Efficacy may simply reflect improved 

conversion to phennbuftoital (i.c., animals that are induced 
may metabolize the drag to greater concentrations of phe- 
nnharbitol than generated from administration of phenobar- 

bital alone), According k> F am ha eh (I984al, there is no 
advantage to using primidone rather than phennbarbiial for 

control of epilepsy in most dogs. 

The con*erri«n ratio of primidone to phenoharbital is 
3.8:1 A patient should receive approximately 65 mg 11 
grain) of phenobarbiul for cash 250 mg primidone. Bc- 
cam m. this rate does not reflect the potential effects of 
phcnotiarbitai (be., primidone) induction, however, animals 
may convert primidone to pbenobiubital at different rates. 
Baseline phenoharbiral concentrations should he estab¬ 
lished pti >)i to conversion. Conversion should probably he 

progressive (eg. 25 r i- change each month i ssi patients 
whose seizure history includes prolonged or cluster sei¬ 
zures. Cats do not metabolize primidone to phenohaibiial 

as efficiently as dogs (Sawchuk et al,, 1985^ Although 

primidone is reported!> safe in cats, the study on which 
this report is based did not include administration of primi* 
done in doses sufficient lo generate therapeutic conceDtra 

ttons of phetwbarbital. Thus- the safety of primidone at 
eft veuve concentration* has not been established in eats, 

and we do not recommend its use tor the treatment of 
feline seizures, 

Side Effects 

The sedative side effects of primidone in the dog are the 
same as those with phenoharbitaJ (Schwartz-Porsche et al.. 

1985 sec earlier discussion of the antiepileptic action of 
phenoburhi tub In ft*ci, primidone causes all ot the side 
effects noted for phenobarbiiaJ, Primidone may induce nys- 
t ag mu s. nan sc a. d row ri n css, a ml at a \ i a. Acc ord i n g to 
Schwartz Porsche ct al. 1 1985), polydipsia is more common 
in dogs treated with primidone, in humans, it is recom¬ 
mended that therapeutic plasma concentrations of prirni 
done and its metabolite pbennbarhi tal not exceed 15 awl 
3ff pg/mL. respectively. Megaloblastic anemia is one of the 
more serious adverse effects of primidone in humans. 

In the dog, primidone induces progressive hepatic injury 

as manifested by increases in liver enzyme values (Meyer 

and Noonan, 1981), In a clinical study, signs of liver 
toxicity w ere reported m 14 of 20 dogs (Schwartz - Porsche 
ct tl.. 1985), Hepatic cirrhosis associated with primidone 
and phennharhitaJ after 1 years of use has been reported m 
a dog (Poffcnhargcr ami Hardy. 1985), Dermatitis has been 
reported m the dog (Kendricks, 1987), 

In humans, long-term (more than 2 years) treatment of 
epileptic patients with primidone has been associated with 

development of osteomalacia; subnormal serum calcium is 
seen in such patients Primidone may induce or stimulate 

increased production of hepatic microsomal enzymes that 
increase the metabolism or degradation of vitamin D, 

Drug Interactions 

Drug interactions previously described for phcnobarbilal 
also occur with primidone. Primidone should not he used 


concurrently with chloramphenicol, which is a potent inhib¬ 
itor iff the microsomal enzyme sy stem Severe t 'NS depres¬ 
sion and injppeience occur in the dog after com urrerit use 
of these drugs (Campbell, 1983) 



Phenytoin sodium, previously named diphenyl hydanloin. 

depresses motor areas of the cortex famiepileptic action) 

without depressing sensory areas. |i is approved by the 
US Food and Drug Administration (FDA) for control of 
epileptiform convulsions in dogs. 

Phenytoin is a hydanioin derivative (see Fig. 24-2) <dc 
Angelts, 1979); others of lesser importance are mepheny- 
tom and ethotoin. Hydantoins are ft v e - me m her ed ring 
structures, whereas barbiturates are si x-membered struc¬ 
tures. A major point of difference between the hydantoins 
and barbiturates is the absence of a C = 0 group Phenytcin 
is not a general anticonvulsant as is phenoburbilul, and is 
not used for emergency treatment of poisoning by convul- 
sani {ling-, .it icianic seizures. Oral preparations are avail¬ 
able in suspension, capsule, and tablet forms, Phenytoin 
(50 mg/mLi is also available for human use in a special 
solvent for IV administration. Intravenous injection of die 
drug causes a marled drop in artenai pressure and is not 
advised m the dog (Pasten* 1977), 

Use of phenytoin to control seizures in the dog has 
declined because of its lack of efficacy (Sanders and Veary. 
1978 i. which may be related to decreased bioavailability 
and rapid clearance. Phenyiom is much less effective in the 
dog than either phenobarbi tal or primidone in the control 
of epileptic seizures (Fambach, 1984a), Die half-life of 
phenytoin is too short in the clog to permit maintenance 

of adequate dmg concentrations in plasma and the CNS 

(Schwanz-Porsche et a] , 1985), When administered alone, 

phenytoin cannot be conrideied a satisfactory drug for 
treatment of epilepsy in the dog (Frey and Lose her, 1980; 

Frey, 198ft). Due lo dmg interactions and enhanced hepato- 
loxidty. a combination of phenytoin with phcnobarbilal is 
not a viable alternative. 

In the cat* phenytoin is relatively toxic and generally 
undesirable as ait anticonvulsant (Kay and Fenner, 1977). 
Studies are needed to determine the efficacy and safety of 
phenytoin for eats (Frey. 19864 


l*b&riMii£ijl<J#c Activity 


Phenytoin produces a stabilizing effect on synaptic junc¬ 
tions that ordinarily allow nerve impulses to be readily 
transmitted at Iowa' thresholds Consequently, the level of 

synaptic excitability dial permits impulses to he transmitted 

easily is reduced or stabilized or both. This effect appears 

to be associated with active extension of Na ’ from neurons 


and decreased post-tetanic potentiation or spread of nerve 

impulses to adjacent neurons. There is also a possibility 
thin phenytoin reduces movement of calcium across cell 
membranes. Phenytoin may inhibit activation of protein 
phosphorylation by the calcium/calmodulin complex 
(Marx, 1980). Phosphorylation and norepinephrine release 

in neurons requires calmodulin. 

Reduction in spread of (he -l burif activity associated 
with epilepsy prevents generis of the cortical seizure. The 
activity of pheuytom in stabilizing hyperexcitable neurons 
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so that epileptic seizure does not develop occurs without 

causing general depression of the CSS ide Angdis. 1979}. 


Disposition 


Absorption of phenytoin is erratic following intramuscular 

(IM| administration. This may be related U> crystallization 
of the drug at the injection site because of alteration in pil 
by tissues (de Angela. 1979). Administration of phenytoin 
by the IM route is not advised because considerable necro¬ 
sis and sloughing at the injection site occur (Fasten, 1977). 
Absorption of the drug from the Gl tract of the dog is 
poor (Sanders and Yeaiy, 1978), Btoavailability of pheny¬ 
toin from the tablet formulation averages 36% in the dog 
(Frey and Lose her. 1980). Poor oral absorption and differ¬ 
ences in product biuacaihibiltiy contribute u> the difficulty 

in achieving effective serum lesels of phenytoin. The ge¬ 
neric preparations of phenytoin should not he used 

At therapeutic concentrations (10 to 20 pg/mL), pheny- 
toin is highly bound (75% to 85%) to plasma proteins in 
animals and humans (Baggol and Davis. 1973L The high 
degree of phenytoin binding predisposes this acidic drug 
to interaction with other drugs In a dispLacing effect at 
protein (albumin) binding sites. In uremic patients, there is 
a decrease in plasma protein binding of phenytoin, This 
accelerates renal clearance or elimination of the drug. 
Phenytoin readily crosses the placenta ( Mtrktn, 1975) High 

concentrations arc attained in the maternal liver and mater¬ 


nal mid fetal hearts The brain (ostensibly the primary 
target organ) contains nearly the lowest concentration of 
the drug. 

Phenytoin is metabolized into mctahydro\yphenytoin or 
parahydroxypheuytoin These metabolites are then conju¬ 
gated with glucuronic acid In humans, about 60% to 75% 
of lhe daily dose of phenytoin is excreted in the gkicumn- 

ide form (de Angelis. 19791; the dog also converts a high 
percentage of phenytoin into this form. In addition, diphe- 

nvlhydanloie acid, a minor metabolite in some laboratory 

animals, and dihydrodiol are formed. Interestingly* high 

concentrations of diphenylhydanloic acid arc found in cat 

unite. [Tic dihydrodiol metabolite is probably involved in 


formation of catechol metabolites; these are also formed in 
most animals (Glazko, J973i. Epoxide metabolite* are also 
speculated to be formed in humans. The combined use of 
phenytoin and phcnoharbiEal or primidone may lead to 
increased formation of epoxide metabolites in animals. 
This could possibly result in cholestatic hepatic injury 
similar to that reported in three dogs (Bunch et til.. 1987). 
Because phenytoin is not very soluble in water, little of the 
unmetabolized drug is excreted in untie, 

Phenytoin has a Inng duration of action m the cat. Due 
to the long plasma half-life i about 24 to 108 hours 1 1Tobin 
et aL 1973). the prolonged effect of phenytoin observed in 
the cat more than in other species may also be related to 
its decreased ability to conjugate compounds with glucu¬ 
ronic acid. Phenyloin is excreted after formation of a hy¬ 
droxy luted derivative and conjugation with glucuronic acid 
or sulfate. A plasma half-life of l OH hours after oral admin¬ 
istration of phenytoin (10 mg/kg) in the cat has been re¬ 
ported (Royc et ah. 1973). In the dog, despite relativeh 
large single daily doses (50 mg/kg) administered orally, the 
plasma concentration of the drug is low. Paralleling this 


observation, the plasma half-life of a single 50 mg/kg dose 
m the dog is only 6 to 7,8 hours (Dayton et iL, 1967). 
Rpye et al. (19731 found that the plasma half-life was 4 to 
6 hours after an IM injection of phenytoin (50 mg/kg). 
The apparent discrepancy between the results of these two 
studies may be due to pretreatmeui of the dogs ftir 9 days 

with phenytoin by Rove ei at. (1973). Induction of hepatic 

microsomal enzyme activity may have accounted for the 
shorter plasma half-life. Studies have shown that the half- 
life of phenytoin in the dog dramatically decreases after 7 
to 9 days of treatment (Prey and Loscher. 1980}. Appar¬ 
ently. phenytoin is a potent inducer of the hepatic micro¬ 
somal enzyme system in Ihe dog. Other biologic half-life 
data reported in ihe dog are as follows: After a single IV 

dose (15 mg/kg), a value of 4.5 hours was obtai ned by 
Sanders et al. 13979b). and a half-life of 3.65 hours was 

determined by Pedersoli ei al. (1981) after an IV bolus of 
11 m g/kg 

V linkal Use 

Recommended therapeutic doses of phenytoin administered 
orally every 8 hours for control of seizure disorders in the 
dog indicate considerable variation: 6 6 to 11 mg/kg 
(Fasten, 1977); 11 mg/kg £ Cunningham, 1984); and 35 mg^ 
kg (Sanders and Vary, 1978), In humans, clinical therapeu¬ 
tic effects and intoxication are re I a led to the blood concen¬ 
tration of phenytoin A reduction in (he number of seizures 
occurs when phenytoin blood concentrations exceed 
10 pg/mL. 

Because the half-life of phenytoin in the dog is reduced 
considerably after use for 7 to 9 days (Frey and Uischer, 
1980), high oral doses up to 30 nig/kg every H hours may 
he required for satisfactory connol of seizures (Cunning¬ 
ham, 1984), Oral administration of phenytoin (4.4 and 
U mg/kg) every 8 hours fails to reach ihe so-called thera¬ 
peutic level of the drug in scram at Iftpig/mL. The serum 
content of phenytoin in the dog after single or repeated 

oral doses of 10 mg/kg does not exceed a concentration of 

2 p.g/mL (Sanders and Yeary, 1978). To achieve a serum 
concentration of approximately 10 |ugfmL phenytoin, it ap¬ 
pears (hai an oral dose of at least 35 mg/kg given three 
times daily is necessary for the adult dog (Sanders and 

Yeary, 1978), According to Federsofi el al. 1 198 b, an oral 

dosage schedule of 20 mg/kg every 8 hours of the plumy - 
toin microcrystalline suspension should be sufficient to 

reach a scrum concentration of H) p,g/mL or higher. Tins 
dose, however, will only maintain a plasma therapeutic 
level for the first 2 or 3 days of treatment (Frey and 
Loseher. I^HO). The marked variation in the dosage of 
phenytoin needed to maintain a therapeutic level in the dog 

is attributable in large measure u> its rapid hiotraiisforma- 
tion by the hepatic microsomal enzyme system. 

Drug Interactions 

Phenytoin must he considered a potent inducer of the 
hepatic microsomal en/yme system in the dog (Frey ami 
Lose her. 1980). Seven lo 9 days after administration of 
phenytoin, its half-life may be reduced from 5.5 to 1,3 
hours. In contrast, the half-life after oral administration in 
humans averages 22 hours. wiLh a range of 7 to 42 hours, 
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Phony turn Kjn moderate ability in (he human to induce 

cytochrome P-450 mixed-function oxidase activity r-micro- 
soma I enzyme induction). Consequently, it is a much more 
efficacious drug for control of epileptic seizures in humans 

than in dogs. Phenytoin and phenobarhital have been used 
in combination lor treatment ot epilepsy in both humans 
and dogs I hi- combined use is considered optimal therapy 
for epilepsy n humans {MorseHi cl al., 1971). Use of both 
drugs is u intro vcraiul because both drugs induce hepatic 

microsomal enzyme activity The metabolism (i.e., hydeoxy- 

lation) of phcxiyioin is increased. Phenytoin likewise in¬ 
creases the metabolism of phenobarhiial. This set-saw ef¬ 
fect ir the metabolism of both drugs cranplicates successful 
therapy, and the combined use ol lbe drugs is discouraged 

I Paslcii, 1977), 

Inhibition of phenytoin metabolism b'> other drugs has 
been observed in human*. Prolongation of the effect hits 
been reported after simultaneous administration of dku- 

muruJ, chloramphenicol, phenylbutazone* and the phenuthi- 
azines. Also, in vitro inhibition of phony io in metabolism 
has been seen in llte presence of diazepam and py.ip-ixy- 
phene hydnxhloride. The significance of (his m vivo has 
l ot been determined Melabolism of ,i number of chemicais 
or drugs is enhanced by phenytoin. These include digitoxin* 
dc xamethus t me da c )dor ud i phe ny I Inch h.m jc thane. die Idri n, 
and cormol (Conney and Bums, 1972.1. In the dog, an 
interaction has been seen after clinical use of phenytoin 
and chloramphenicol 'Sanders et a)., I979i). The serum 

half-life of SV phenytoin is increased fmm l to IS hours 
The increase in the serum half-life is best explained by a 
reduction m the rale of metabolism of phenytoin by hepatic 
microsurtuiI enzymes. Interestingly, the signs of phenytoin 
toxicosis are reversed within 24 hours after cessation of 
chloramphenicol treatment {Sanders et al , 1979aI Phenyl¬ 
butazone is also known to elevate plasma concentration of 
phenytoin through inhibition of metabolism of phenytoin 

(de Angel is. 1979). 

An interaction also exists between phenytoin and viia- 
min B*„ Serum phenytoin concentration may drop after 
folic acid therapy ostensibly because the hydroxylase en¬ 
zyme metabolizing phenytoin is folate dependent. In hu¬ 
mans. the usual therapeutic concentration of phenytoin in 
plasma reduces the half-life of theophylline la drug used 
in the treatment of airway instructioni and increases its 
body clearance about twofold icVlarquis et al. 1982). A 

similar action of phenytoin on llie half-life of theophylline 

in animals would be expected, 

Phenytoin may prolong the prothrombin time (Keith el 

al, 1983). Blood coagulation defects similar to that induced 

by vitamin K deficiency on occur in neonates exposed to 
phenytmn in utero Hie coagulation defect can be reversed 
by treatment with vitamin K 

Blood i mice ill rations and. Associated Toxicity 

In humane, mild signs ol tmoxication such as nystagmus 
develop w ith blood levels of 20 pg/mL; patients with levels 
over 40 fjig/mL have marked nystagmus and are mcoordj- 

nated and lethargic, Blood levels in the dog would prohahly 
have to increase a comparable IlIW It? 4{IFS as in humans 
before serious signs of intox cation develop. 

Hepatitis, jaundice, and death after clinical use of phen¬ 


ytoin have been reported (Nash et al.. 1977) In (fiat eu.se. 
however* the animal had ini [tally received primidone 
{500 mg doily) orally for the control of seizures. Toxic 
hepatopathy and intrahepafic cholestasis associated with 

phenytoin administration in combi nation with phenoharbi- 
tal and/or primidone have been reported in three dogs 
■ Meyer and Noonan, 1981; Bunch et al, 1987). Induction 
of enzymes may increase the formation of toxic metabo¬ 
lites, which may contribute to hepatotoxicily. Hepatotoxic- 
ity due to phenytoin is more likely if used in combination 
therapy with either primidone or phenobarbitaL Toxicity 
may be related to generation of toxic metabolites. Two 
forms of toxicity appear to occur with phenytoin therapy: 

a rime-independent chronic hepatitis that may progress to 
cirrhosis and that appears t o be reversible after discontinua¬ 
tion of the drug early in (he disease; said a dosc-depcndcnt 

intiaheputk cholestasis that is accompanied by a poor prog¬ 
nosis. 

Other Side Effects 

The side effects of phenytoin in (he dog are moderate 
because it is rapidly metabolized (Cunningham, 1984). 

Transient incoordination and overscdaiion may occasion- 
ally occur a Fur administration of phenytoin. A moderate 
degree of polyphagia* polydipsia* and polyuria may be seen 
in animals medicated with this drug, Sjatosis, weight loss, 
and vomiting huve been reported after the use of phenytoin 
m the cat. Inhibition of release of antidiunrtic hormone 
accounts for the polyuria (hat develops after administration 
of phenytoin. There is also an inhibit ion of i nsulin secretion 
(dc Angelin 1979} 

Benzodiazepines; Diazepam, Clorazepate, 
Clonazepam, and Lotazepam 

Mechanism of Action 

Benzodiazepines enhance the inhibitory effecis ol GABA 
in both the brain and spinal cord (sec Hg, 24-3) Thus 
ihcy not only ikcrea.se seizure spread but also block arousal 
and centrally depress spinal reflexes (see Chapter 26), Tol¬ 
erance to the anticonvulsant activity of diazepam develops 
rapidly, within 1 week* in she dog; thus, diazepam is (tot 
an effective anticonvulsant for chronic therapy in dogs. 
Intravenous diazepam is* however, (he drug of choke f ot 
ihe creuiment of status eptlepticus in both dogs and cats 

because it crosses the blood-hrain hairier into the cerebro¬ 
spinal fluid very rapidly Diazepam (I to 2 mg every S 

hours 1 is also the second choice anticonvulsant for chronic 
control of seizures in the cat whose seizures do not respond 
to phenobarbetal; efficacy is equal to phenobarbi taL Toler¬ 
ance to die anticonvulsant effects of dorazepate docs imm 
appear to develop in dogs as easily as il docs to diazepam* 
although abrupt seizures may occur with rapid withdrawal. 

Disposition 

Diazepam is the prototype benzodiazepine used in small 
animals. The drug is well absorbed after oral administration 
hut underl ies rapid and extensive hepatic metabolism once 
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although hioavailability m pediatric animals may be an 
little as 3f^ of thal in adult dogs* necessitating a higher 

dose I Yang el uL I W|, The drug n eliminated by hepatic 

metabolism to metabolites that are largely inactive (Yang 

el al,* 1992). In adult dogs, the half-life of fdhamate is 4 


to 8 hours (mean of 5,2 hours); the elimination half-life is 


shorter in pediatric (beagle( dogs (mean of 2.5 hours! 
(Adusumalli et ul., 1992). Safety has been documented at 
doses ranging from 15 mg/kg divided twice daily (the start¬ 
ing therapeutic dose) to 300 mg/kg Peak felbamate concen¬ 
trations following oral administration of GO mg/kg in dogs 
was 12.6 to 168 jj.g/mL. 

Sedation, polyuria* polyphagia* and polydipsia* side ef¬ 
fects typical of most aril icon x U Kants, do not appear to 

occur in dogs. Aplastic anemia due to hone marrow sup¬ 
pression, however, developed in 10 of 100*000 patients 
(humanI receiving felbamate (Theodore, 1997), We have 
not experienced any type of hone marrow suppression in 
dogs receiving id hamate Although the drug has not heen 
withdrawn* ii is now much harder to acquire, and it is not 
likely to become less expensive. We have seen no tonicities 

w ith this drug, including hepatotox icily. Because felbamate 
is u drug metabolized b> the liver, however, prudence 
suggests that combination w ith phenobarbital, particularly 
in patients requiring high serum concentrations of pheno* 
barbital to control seizures, be avoided. Currently, there is 
no easy, cost-effective means for assaying felbamate, al¬ 
though selected laboratories offer the service. The drug 

does appeal to be sufficiently safe Unit monitoring may not 
be necessary . Human therapeutic concentrations range from 
2d to 100 mg/L* with trough concentrations ideally re¬ 
maining in the range of GO to HO mg/L for best efficacy 
(Graves, 1993). The clinical use of felbamate is currently 

being studied in dogs. If seizures are not controlled with 

the starting dose (15 mg/kg divided every L2 hours), we 
progressively increase the dose in l^mgfkg increments 
We have administered felbamate to dugs at doses as high 

as 300 nig/kg dixided daily for over 6 months with no 
apparent adverse effects, Phenobarbital concentrations 

should he monitored as the dose of felbamate is increased 


because drug interactions can complicate therapy. In hu¬ 
mans. interactions have lead to increases in phenobarhilal 
by felbamate (Reidenberg et al„ 19951, although this ap¬ 
pears to he due to selective inhibition of a cytochrome 
P450 enzyme in only 25of the population. We have 

not seen an increase in phcnoborbital concentrations* and 


caution is 



m 




% ilti 



in 


anticipation of drug interactions. Greater risk may re licet 
decreased Iclbamatc concentrations due to induction by 

phenobarhilal (Reidenberg ei al t 1995), Pheftoharhilul con¬ 
centrations might be reduced in patients whose seizures *m.- 

controlled with felbamate. We do not decrease phetiobarbi- 


lal concentrations below baseline values, however* until 

seizures have been controlled for at least two seizure inter¬ 


vals. Complete Wood counts ideally should be performed 
ai 2- lo 3-month intervals and the liver should be monitored 
os for pbenobarbital. 


Gabapentin 

Gabapentin is an anticonvulsant approved in 1994 for treat¬ 
ment of partial seizures with nr without generalization in 


hitmans with epilepsy (Goa and Sorkm. 1993; McLean, 
1994; Ramsey, 1994). It appears to ocl by a novel mecha¬ 
nism by promoting the release of GABA* although the 
actual mechanism of release is not known. Although gaha- 
peittin is absorbed well after oral administration, its. absorp¬ 
tion appears to be dose dependent, relying on a saturable 
transport process. This process has been cited as die reason 
that uni (epileptic effects last longer than anticipated based 
on drug half-life* allowing twice daily administration. In 
contrast to bromide* the short half-life of gabapentin (in 
humans) results in steady-state concentrations within 24 to 
4H hours. The drug is eliminated in people entirely by renal 
elimination* thus avoiding some of the risks of hepatotoxic¬ 
ily and drug interaction. I be drug is sufficiently sale that 
TDM is nut necessary; rather, the dose ii increased as 
needed to control seizures. Mild dizziness, nausea, and 


vomiting have occurred in u small percentage of human pa¬ 
tients. 

Gabapetilm studies with animals have not been reported 

One of the major disadvantages of ihis drug is its expense. 
Unfortunately* the manufacturers are not willing to provide 

the drug for the siudy* and the expense of a controlled 
clinical trial with dogs may preclude its clinical study. 
Despite its expense, our experience has been that some 

clients will pay the cost to use gabapentin (up to $85/ 
month for a 30-kg dog dosed at 10 to 30 mg/kg orally 

every ft hours; GO mg/kg every R hourx has also been 

recommended), Unfortunately, even if combined with phe- 

nobartuuL gabapentin does not appear to be effective for 
the control of epilepsy when used at doses extrapolated 
from human patients. Response may be more likely at 
higher doses, but cost becomes prohibitively more ex pen- 

the role of gabapentin in the treatment of 

is uncertain. 



Valproic Acid 

Valproic acid is a vehicle used for other drugs that was 

sercndipitoniiy found to have anticonvulsant properties. It 
is a simple branched-chain carboxylic acid (see Fig, 24^2), 

Valproic acid is effective against a variety of seizures, 
including absence seizures. Its mechanism of action ap¬ 
pears to he similar to that of phenytoin in that it prolongs 
recovery of voltage-activated Na channels from inae ova¬ 
tion. It may also affect C* J * duxes but does not appear to 

impair GABA. The drug is rapidly absorbed, highly protein 
bound* and in humans has a half-life of 10 to 15 hours. 
The half life can. however, be shortened in the presence of 
other (inducing) anticonvulsant drugs. 

The Jiflk alt) m using this drug tu dogs probably re- 

fleets an inability to achieve therapeutic concentrations 
Valproic acid is metabolized in the liver; metabolites con 

be as potent as the parent compound in controlling seizures, 
although only one of them enters the CNS to any apprecia¬ 
ble extent. Valproic acid can alter liver enzymes (up to 

4©5fr ot human); increases can he associated with toxicity 
Hepaiotoxicily is likely to he increased when used in com¬ 
bination with other drugs. It also causes gastrointestinal 

upset and, like other anticonvulsants. CNS side effects 
(e.g., sedation* ataxia). Valproic acid has not proved very 
useful for controlling seizures in dogs It might be consid- 
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wed in combination with phenoburbitaL although drug in 
refactions may oonplicate therapy. 


Mephenytoin 

Mcphenyloin is a hydanioin derivative, similar to pheny- 
loin Its anticonvulsant activity results from metabolism to 
n mortal, which has a 25-hour half life in dogs* In humans. 
1 his drug has prosed very effective for the control of 
epilepsv Bone marrow dyscrasius* however* preclude its 
common use. Unlike phenyloin, mcphcnyloin is well ab- 

sorbed after oral administration in dogs, mk! therapeutic 

concentrations of nirvonal prohahly can be achieved. Slud- 
tfs fviistng on us use ns a sole agent or in combination 
with phcnoharhilal have not been done. Although isolated 
reports suggest that il should prove efficacious (2 mg/kg 
every 8 hours) in dogs with epilepsy, hepatotox idty, partic¬ 
ularly when combined with phenoharbital* necessitates cau¬ 
tious use, 


Pentobarbital Sodium 


Pentobarbital sodium (pentobarbitone sodium; Nemhutal 
Sodium), administered intravenously, is considered to be 

the most efficacioas drug for abolishing refractory status 

epileptics in the dog (Redding, 1969). Pentobarbital js a 

general anesthetic (not an anticonvulsant), but i| is nonethe¬ 
less am effective drug for control of nonresponsive seizures: 

extreme care is required not to overdose. An added advan 
Lagc of pentobarbital is its ability to scavenge oxygen 
radicals and decrease cerebral oxygen consumption (see 
later discussion of increased intracranial pressure). I he 
effective dose varies considerably from one animal to the 
nevi, Consequently, pentobarbital is carefully given to ef¬ 
fect- Careful monitoring of the cardiovascular and ruspira 
lory systems is necessary. Prolonged treatment may be 
necessary for some patients, some human patients remain 

anesthetized for up to 9 days before seizures are controlled. 

For additional information on the pharmacologic and toxi¬ 
cologic effects ©I pentobarbital* .see Chapter 13. 

In humans* ionic clonic status epilepticus, which is ft 
fracioty to phcnobarbital, phonytoin* or diazepam, may 
respond to an IV infusion of pentobarbital given cominu 

ously for 3 days {Voung et al.. 1983). Il is then discon¬ 
tinued ami ur.i! phcnoharhilal along with other uni icon vul- 

Fuints is advocated lo control recurring epileptic episodes 
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pump* the main regulator of cell volume and electrochemi¬ 
cal gradient, Systemic hypotension and disrupted cerebral 
blood low exacerbate adenosine triphosphate (ATP) deple¬ 
tion Brain tissue is extremely sensitive to decreased oxy¬ 
genation, Glutamate, m excitatory NT that allows calcium 
influx into the neuron, appears to play an important role in 
the early stages of secondary brain injury caused by head 
trauma Normal intracellular concentrations are approxi¬ 
mately 1500-fold greater than extracellular concentration!!* 

Well-developed energy-requiring mechanisms exist to 
maintain very low extracellular glutamate concentrations; 
this system becomes overwhelmed due to the combined 
effects of efflux of intracellular glutamate and decreased 

energy Vs a result, calcium influx results in uncontrolled 
release of intracellular calcium and subsequent cytotoxic 
events* including uncoupling of oxidative phosphorylation 

necessary for ATP, Enzyme systems activated included 
protein kinase C, ilw phospholipases (and thus antehidotik 
acul cascades and platelet-activating factor), and nitric ox¬ 
ide synthase. Oxygen radicals art released* leading lo irre 
vcrsiblc cell injury and death (Proulx ami Dhupa, 1998J. 

Blond flow to the CNS iv well autofcgulated through a 

combination of metabolic, vascular pressure* and oxygen- 
related mechanisms. Cerebral vasculature and intracranial 

pressure iICPi must, however, be functioning normally. 
Metabolic detnawls of the brain, appear to affect regional 
blood flow through the effects of pH and adenosine on 
vascular tone. Increased metabolic activity decreases vas¬ 
cular tone* causing vasodilation. Arterial Fto 2 has global 
control of the brain such that increases result in increased 
cerebral blood flow (and increased lCP), whereas decreases 

cause decreased cerebral flow. The potential exists for these 

reflex responses lo exceed (ir: the case of increase) or to 
be insufficient (in the case of decrease) for the metabolic 
needs. Response to Pco ; is regional, complicating the- use 
of hyperventilation m a. treatment for increased ICP (Prowl* 

and Dhupa, 1998). Local nitric oxide synthesis plays a tule 

in regional blood How and can contribute to secondary 

brain injury. 

The cerebral ischemic response is global and depends 
on an intact vasomotor center. Il occurs relatively late it 
response to poor perfusion. Increased ICP decreases cere¬ 
bral perfusion. Increased Pco 3 causes the vasomotor center 

to increase heart nlc and intense systemic vasoconstriction 
in an attempt to support cerebral blood flow. Clinically, flic 
increase in systemic blood pressure may cause a decrease 

in heart rate* an indicator that increased iCP Is limiting 

cerebral blood flow. The lack of the ischemic response 

does not* however, indicate that ICP increase is not severe; 
rather, it may reflect vasomotor damage. 

Causes of Severe Brain Injury 


Bra in Trauma or injury 

Pathophysiology or Brain Injury 

After head trauma, secondary injury occurs in both con¬ 
tused ami adjacent tissues (Pftmlx and Dhupa. 1998) A 

cascade of events begins with missive depolarization and 

icpn fluxes that initiate increased energy expenditure by 

the sodium/potassium adenosine tnphosphatase (ATPase) 


Primary brain injury occurs as a result of direct brain 

trauma (Che&nut et al.* 1993; Chesnut. 1997; Proulx and 
Dhupa. 1998). Secondary brain injury reflects damage to 
the brain a& a result of increased metabolic demands made 

quite cerebral blood flow* or both. Epilepsy causes the 

former by increasing metabolic demands (oxygen and glu¬ 
cose), Hyperthermia increases ICP (several mi Hi meters of 

increase for each degree of increase in body temperature) 

by increasing metabolic demands Head trauma tends to 
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cause the latter by increasing ICP. Systemic hypotension 

also can cause secondary brain injury . Because the patient 
with severe head injury is less tolerant of derangements m 
metabolism, both hyperglycemia and hypoglycemia can 
contribute to secondary damage Hypoglycemia contributes 
to decreased ATP production* whereas hyperglycemia can 

lead to anaerobic glycolysis and cellular acidosis in cells 
with impaired mitochondrial function. 


Cervhral Edema 


Cerebral edema can be categorized into a number of forms, 

each of which can occur after head trauma (Miller, 1993), 
Vasogenic edema reflects increased permeability of the 
blood-brain harrier and may be exemplified by focal cere¬ 
bral contusion and hemorrhage. Water* MnJium, and protein 
increase in the interstitial space* Id addition to trauma, 
causes of vasogenic edema include loss of (he light endo- 
thcLial junctions (as might occur during infusion of hyper* 
osmotic solutions)* tumors* hyperthermia* and epileptic sei¬ 
zures. Mediators associated with vasogenic edema include 

bradykinin, serotonin, histamine* and the eicosanoids (espe¬ 
cially le ukotrienes J* as well as free oxygen radicals Drugs 
that increase cerebral blood flow will increase the rate of 
cerebral edema. White matter has more compliance, and 
most of the edema accumulates there. 


Cytotoxic edema occurs intraceIIularly when membrane 
sodivivnfpolassium ATPase pump mechanisms fail due 10 
lack ol energy. Energy loss can reflect decreased cerebral 
blood flow ti c., ischemia), Poiussium accumulation incurs 


in the extracellular space. Calcium influx initiates a cascade 
of events that arc lethal to astrocytes. The remaining types 

of edema might he considered a variation of either vaso¬ 
genic or cytotoxic edema Hydrostatic edema reflects accu¬ 
mulation of protein-free fluid in tbe interstitial tissues. 
Hydros!.uie edema probably results from all abrupt increase 
in the hydrostatic pressure gradient between the intravascu- 
lar and cxtrava-seular spaces. Osmotic brain edema occurs 
as serum osmolality (generally due to hyponatremia) de¬ 


clines below a critical threshold The use of 5 r < dextrose 
can contribute to osmotic brain edema Interstitial edema 


is exempli lied by high-pres-.ua* hydrocephalus associated 
whli increased hydrostatic pressure in the ventricular cere¬ 
brospinal fluid. Water infiltrates into the periventricular 
tissues, This type of edema occurs rarely after CSS trauma. 
Treatment of brain edema includes reversal of the underly¬ 
ing cause, medical management, and surgical dccompres- 


IticrejLsed Intracranial Pressure 


The control of increased ICP is paramount in the treatment 
of head trauma. In humans, approximately 4(F7 of those 
losing consciousness after a traumatic episode will develop 
intracranial hypertension, and mortality will parallel in¬ 
creases in ICP. Indeed, ICP is a strong predictor of out¬ 
come. and monitoring ICP in human medicine has become 
a sate and effective tool for monitoring both the need and 


efficacy of treatment 

Early and aggressive treat merit has been shown to im¬ 
prove outcome (Chesnut et *|„ 1993; Chesnut, 1997). The 

pressure at which ICP is maintained is not clear, but hu¬ 


mans maintained at 15 mm Hg (normal being 20 mm Hg) 
had an improved outcome compared with those managed 
at 25 mm Hg This may reflect the fact that herniation after 
lesions in some areas can occur despite ICP being normal 
i2(lmm Hg). Recommendation^ in human medicine are to 

treat ICP when increased above 20mm Hg for more than 

15 minutes. Hypotension (systolic blood pressure <90 mm 

occur 



Hg) and hypoxia (Pao,<60mm Hg) also c 


in patients with head trauma and can contribute to in¬ 
creased ICP. Of the two, however, hypotension is more 
devastating and is predictive of a poorer outcome of severe 

head injury Thus hypotension should be avoided and im¬ 
mediately treated w hen present. 

Surgical removal of brain volume is die easiest method 
(in humans| of lowering ICP Removal of cerebrospinal 
fluid is another method (Allen and Ward. 1998). Medical 
management is laciliated bv discriminating the cause of 

ICP. 


Medical Management 

Because little information is known regarding the direct 
treatment of damaged neuronal tissue, treatment focuses on 
maintaining as normal an environment as possible to sup¬ 
port neuron ill regeneration. Supportive management fo¬ 
cuses on maintaining normal physiologic homeostasis. 
Blotxi pressure, anrnal oxygenation (pulse oximetry and 
arterial blood gases), bod) temperature, and fluid and elec¬ 
tro]) le balance should he maintained, Electrocardiographic 
monitoring also is indicated Hypotension in particular 
must be avoided in tbe patient with increased ICP; the 
hyperdynamic state (physiologic responses compensating 

tor hypovolemia) will complicate control of ICP: Hypergly¬ 
cemia can increase metabolism and should be avoided and 
aggressively managed in the patient with head trauma. 
Fluids containing dextrose should ho avoided in such pa¬ 
tients. 
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Eleva¬ 


tion of the head 30 degree; above he an level appears to be 

beneficial to decreasing ICP (Chesnui et aL 1993; Chesnut 

1997; Bag lev, 1996), Hypercapnia must be avoided in 
patients with head trauma; this includes hypercapnia thai 
may he iatmgemcally induced during procedures mended 

to support the respiratory system. Hyperventilation to main¬ 
tain a Paco* of 27 to 30 mm Hg can decrease cerebral 
blood flow and help lower ICP. It is, however, dependent 

on intact autoreguhtion, Hyperventilation can decrease the 
metabolic activities of (he brain and induce or potentiate 
cerebral ischemia Its effectiveness m diminishing cerebral 

blond volume devi*?uses with lime (at 72 to 96 hoursi. 


and a rebound effect with restoration to normocapnia may 
potentially increase ICP. 

Hypocarbia is easy to induce. Its use in the manage mem 
of increased ICP might he reserved for the initial stages. 
Later use should be accompanied by strict monitoring of 

ICP. especially as hy percent ilatitKi is discontinued, Pro¬ 
found hyperventilation should he avoided. Hypothermia 

currently is being investigated for use in the prevention of 

CNS ischemia associated with severe head injuries (Allen 
and Ward* 199HI. It has been used experimentally in dogs. 
Mild degrees of hypothermia (between 3l e and 35°C) are 
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THEIR ROLE IN 


Little is known about the cellular mechanisms of abnormal 


behavior in humans or animals. The moo likely ncurotruns 
•nlutfers (NTs) associated with abnormal behavior tan proba 
bly be identified based on the NTs targeted by drugs used 

to modify Lht behaviors. These neurotrunsmitters include 


the biogenic amines serotonin and histamine (H subtypej* 
the monoamine dopamine, the catecholamine norepineph¬ 
rine, acetylcholine* 'y-aminobtilyric acid (GABA), and the 

excitatory amino acids (Overall 1W: Simpson and Simp' 
son, IWfi). 


Among the more effective drug - for modification of 
behavior are those (e.g,, fluoxetine, clomipramine) Lhai 
tend \o he selective bu senjumin, Serotonin us synthesized 
in the brain from try ptophan. There are at least nine seroto¬ 
nin (5-HTJ receptor subtypes, four of which appear to 
be particularly important iSimpson and Simpson, 1996), 
Serotonin receptors differ in anatomic location and behav¬ 
ioral rules The S-HT, receptors, located primarily in the 

brain, arc predominantly inhibiiory (inhibition of adcnyl 

cyclase) in nature, both pfcsynaptically and pustsympti- 
cnMy. They appear to affect mood and behavior (Overall, 

1997). Regulation of serotonin action is complex, involving 

both presynaplic and postsynaptic mechanisms (Simpson 

and Simpson, 19%), 

Norepinephrine is the end product of dopamine oxida¬ 
tion. Its inactivation occurs primarily by active transport. 

or re-upiakc, into pre synaptic vesicles. The NT is then 
dcaminaied by mitochondrial monoamine oxidases, Norepi 

nephrinc is located predom nattily in the gray matter of the 
pons and in the medulla. Norepinephrine interacts with 


receptors (via 0 protein -mediated activation of phospholi¬ 
pase C and subsequent formation of inositol triphosphate) 
and li-receptrus (via activation of adenylyl cyclase) post- 

n y naptkdl y, Interaction with a-receptors I also via G pro¬ 
teins) occurs presynapticatly. The behavioral effects of nor¬ 
epinephrine appear to affect arousal, functional reward 
systems, and mood. The latter effect may reflect a decrease 

in depression and an increase in mom a. 

Dopamine is synthesized from L-dopa in pre&ynaptk 
vesicles, which in turn is produced from dietary lycosine 

(Simpson and Simpson, 1996). Tyowiinc is first oxidated 

(by tyrosine oxidase) and then decarboxylatcii Dopammc 
is metabolized by monoamine oxidase (MAG) and cate- 
c ho l- O- m ei h y Liransferase (COM T), Dopamin e recep tors 
are distributed throughout the bruin, but less mi than norepi 
nephrine. Dopamine appears to he largely lsvca.iccl in the 
midbrain, hypothalamus. and limbic system (the part of the 

brain thought to control emotions) (Simpson and Simpson, 
1996) Dopamine receptors (at least hve subtypes) also are 
found in portions of the exuapvramtdaJ system responsible 
for coordinated movement (Overall, 1997), A: least four 

dt^pauiioe receplors ,sre affected 1 >> mood disorder* and 

stereotypies; increased dopamine appears to stimulate these 
abnormal behaviors (Overall* 1997), Dopamine also js lo¬ 
cated in selected regions of the hmbk system. 

Y-Aminobutynic acid is a major inhibitory NT. being 
active ai . 5 (Ff of synapses in the human central nervous 
system (CNN). It is formed from glutamate, which is 
widely distributed throughout the brain. Two primary re¬ 
ceptor types* GABA* and GABA W * appear lo cause post- 
synoptic inhibition by facilitating chloride ion influx into 
the neuron. Several drugs, including the benzodiazepines 
and barbiturates (such as phcnubarbiml), interact with the 
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receptor in an agonistic fashion, causing neuronal inhibition 

(Overall, 1997) The physiologic and behavioral effects of 
GABA and its receptors have tm yei been well character¬ 
ized (Simpson and Simpson. 1996)., 

Excitatory NTs may increase and cause or he dissociated 
with several abnormal behaviors* including aggressive, im¬ 
pulsive, and schizophrenic disorders in humans. Among 
the mure important excitatory NTs ns glutamate, Glutamate 
i> prefunned and stored in synaptic vesicles that are re¬ 
leased by cakium^ntediaicd endot ytods. Barbiturates and 
progesterone modulate behaviors, in pan, by inhibiting 
calcium uptake and thus release of glutamate at the NT 
(Overall, 1997), 

AcctvIchoiittC is the most widelv distributed NT in the 
■ ■ 

brain iSimpwn and Simpson, 1996). It is produced frem 

choline and rapidly metabolized by acetylcholinesterase. It 
tends to be an excitatory ncurutranvmincr Like glutamate, 

it js preformed and stored at the terminal end of the synapse 

in vesicles that are stimulated by calcium to release the NT 
by exocytosis. The primary significance of acetylcholine 
:irid behaviur-modifying drugs is the likelihood of advme 
reactions occurring when Ml receptors arc antagonized 
(Overall, 1997) 

Neurolransmitters tend to be formed and degraded 
locally. Both formation and inhibition offer pharmaco¬ 
logic targets. A number of drugs result in an increase id 
the presence of NTs in (he synaptic cleft by inhibiting 
either the metabolism (e,g. T dopamine) or the re*uptake 
Cc.g., serotonin, norepinephrine) of the NT after release 

(Fig. 2 !Mk 




Drugs dial modify behavior include the annpsychotk drugs 
(predominantly antidopammergjc in action}, anxiosclective 

drugs such as the azapirones (primarily antiserotonergic in 
action), drugs used to treat affective or mood disorders 
(antidepressants, lithium, and selected anticonvulsant 
drugs), and drugs used to (real anxiety and anxiety-related 

disorders (anxiolytics or minor iranqui lizers, benzodiaze¬ 
pines j. Other drugs include antihistamines, ^-blockers, prt> 
gestins, anticonvulsants, and opioid antagonists. Most of 

the drugs used to modify behaviors are used foe treatment 
of other disorders, and as such may be discussed elsewhere 

in this volume. Only drugs that have veterinary application 

are discussed here. Table 25-1 provides more specific in- 

farm at umi about the use of these drugs 


Antipsychotic Drugs 


Psychotic disorders in humans involve a severe disturbance 

o! beam function characterized by thought and speech dis- 

Tuptinn and hallucinations or delusions fSimpson and 

Simpson, 19%). Although psychotic disorders do not up- 

pear to occur in veterinary medicine drugs developed for 
their management in humans have proved efficacious for a 
number of veterinary applications. Antipsychotic drugs 
i also called neuroleptics or major tranquilizers) include the 

phenothiozincs, the thioxanthenes (structurally related to 
the phenothiazines). heterocyclic dihettzepines, the billyro- 
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Structure-Activity Retoikmxliipv 

Antipsychotic dregs are categorized by structure and b> 
potency Low - potency drugs (vhlreproiniL/iric, jccprornu- 

zine, promazine) are characterised by greater sedation and 

cardiac and anticholinergic side ef feels compared with their 

high-potency counterparts, High-potency drugs (e g,, halo- 

peridot, flupherwzine, trifluoperazine, prochlorperazine, and 

thiothixene) are administered at lower doses jnd are associ¬ 
ated with levs sedation and fewer anticholinergic and car¬ 
diac side effects They do, however, have a greater inci¬ 
dence of extrapyramidal side effects. 

The largest structural daxs of untipsychotics is the phe- 
nothiazincs or tricyclic anlipsychotics, which should not be 
confused with the irieydie aniideprevvam drug^ (discussed 
later). The tricyclic ami psycho tie drugs are represented by 
pbcnuthia/tnc, a three-ring structure containing a sulfur 

anti nttro group in the ring connecting two benzene rings. 
Substitutions on one of the benzene rings yield different 
drugs (e.g., chlorpromazine, promazine), which differ in 
efficacy [see Fig, 25—2). The pharmacology also is im¬ 
pacted by substitutions of mtro groups such that potency 
(but not efficacy) is reduced by an aliphatic side chain 
(e.g., chloiprema/iiiC' thorn zinc, aocprumazinc, and irifiu- 
opfomaztnc) (Baldesurim, 1995a,b). 

The length of the side chain also determines antihista- 
mineigic properties with two-carbon side chains such as 

that occurring in promethazine being more antihista- 

tninergic. Drugs with higher potency have a piperazine side 
chain, including fluphertazine and rifluoperazotlc. Esterifi¬ 


cation with long-chain fatty acids results in long-acting 
{due to slow hydrolysis and absorption) drugs (e.g„ flu- 

phenuzine enonihate or deconoate) (Baldessarini, I995a,bb 
The use of these latter drugs in small animal s cteriiury 
medicine has yet to he established. 

The bulyiuphenone neuroleptics include haloperidol (the 
prototype) and droperidoL The latter is very short acting 
ami highly sedative; thus its use is limited to anesthetic 
regimens (Baklessaiini, 1995a,b). 


Pharmacologic Effects 

The pharmacologic effects of antipsychotic drugs generally 
ura similar among humans and animals IBaldessarini, 

I995a»hi. Phenothiazines are also categorized m lit¬ 
ers. As tranquilizers, the phenothiazines are calming in 
nature, causing a decrease in spontaneous activity that 
generally decreases response to external stimuli {Overall. 
1997). The predominant antipsychotic action of the pheno 
thiMiJUSS is neutvteptic, a term derived from the effect of 
the drugs on human psychiatric patients and intended to 
contrast with signs typical of CNS depression (Baldcssur- 
Lfti, I995a,b). The neuroleptic effects are attributed, but 
rim conclusively so. to the antutopamincrgic effects m Dj 
receptors (BaldessarinL I995a*b), 

Some of the neuroleptics (e.g. t the pbenothiazincs) have 
high affinity for and feus- also antagonize D, dopamine 
receptors, although pharmacologic effects at these receptors 

appear to be minimal. Phenol hiazines also block D, and Dj 

(which are D-like) receptors. Selected "atypical l+ antipsy¬ 
chotic drugs le.gn. clozapine) have a tow affinity for £h 
receptors and are not characterized by cxtrapyramidal ef¬ 
fects. They are, however, characterized by o 7 -ndrenerg»c 

antagonism Some of the antipsychotic drugs also have 
affinity for serotonergic iS-HTj receptors {e.g., clonaz¬ 
epam), Cholinergic and hislaminergic (HO receptors also 
are targeted by tome of the dings, resulting in unique 
pharmacologic effects among the neuroleptics. Variable 
interactions with different receptor lypes lead to unpredict¬ 
able effects on the autonomic system. Among 'the. ncutolep- 
tics T chlorpromOzinc hya significam a-adrenergic antagonis¬ 
tic actions. In general, the ami muscarinic actions of 

neuroleptics are weak. 

Neuroleptic effects include suppression of spontaneous 

movements or complex behaviors but minimal effects on 

spinal reflexes and unconditioned nociceptive avoidance 

behaviors Interest in the environment is minimized, as are 

manifestation si of emotion. Patients are easily aroused; 
ataxia or incoordination should not. 'he evident at appro¬ 
priate doses (BildessarinL 1995a,b). Aggressive or impul¬ 
sive behavtor should gradually diminish As a result, condi 
lioned avoidance (hut not unconditioned escape or 
avoidance) behavior and exploratory behavior are mini¬ 
mized. Feeding and emesis also arc inhibited!. At high 
doses, cataleptic immobility is evident (particularly in cats 
[Simpson and Simpson. 1996R resulting in increased mus* 
clc lone (and the ability to place animals in an abnormal 
posture) and ptosis. Akathisia. an increase in restless activ¬ 
ity- is an undesirable side effect that occurs in humans but 

apparently not in animals. Akaihisia occurs as an adaptive 
response to increased, phenothiurines in extrapyramixkl tis¬ 
sues (Baldcssaiim, 1995 j.I n. 
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ThinriiW.iric has been used in one case of aberrant motor 
behav tor {Jones, 1987), 


Antidepressant Drugs 

General Cow merits 

Much of the information regarding the use of these mood- 
modifying drugs in animals hm been extrapolated from 
human use. These drugs are characterised by clinical phar¬ 
macology ami mechanisms of action that are likely lo differ 
markedly among animals, Yet little scientific information 
is available to guide their use in animals. Currently, clomi- 
pramme is the only one of these drugs approved for use 

in animals. 

Affective (behavior) disorders targeted by antidepres¬ 
sants in people range from depression to manic-depressive 
disorders.. In animals, the list of targeted disorders is much 
greater and often appears to include any hpe of behavior 
deemed “ unacceptable ** b) pci owners. Among the human 

miwd-modjfymg drugs that have been used in animals 

are the tricyclic antidepressants (TCAs). the monoamine 
oxidase (MAO) inhibitors (selegiline), and selective seroto¬ 
nin re uptake inhibitors (fluoxetine). 

To test understand the pharmacologic actions (intended 
and undesirable) of these drugs, it is necessary to appreciate 
die extent to which NTs targeted by these drugs are active 
in the brain. Among the most commonly targeted NTs is 
the biogenic amine system, with norepinephrine, 5-hy- 
droxytryptamine (5-HT serotonin), and dopamine serving 
as primary targets Acetylcholine and histamine ore eom- 
inon although generally secondary targets, lo addition. u- 

adrenergic receptors may be stimulated by some of these 
drags. The pharmacologic and side effects of these drugs 
vary with the NT targeted. Drugs that are more specific in 
their actions tend to he safer. The ability to predict the 
effect of antidepressant drugs on behavior reflects m part 
the inability to predict effects at the synapse as well as a 
lack of knowledge regarding the impact of neurcuran&mis- 

sitm on behavior. In general, blockade of dopamine trans¬ 
port appears to be stimulatory raito than anudepressflnL 
Inhibition of serotonin re-uptake appears to be antidepres¬ 
sant Inhibition of norepinephrine re-uptake consistently 

yields antidepressant actions. 
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Siructucc-Atti\rity Retailonships 


The FCAs arc among the most frequently prescribed 
drugs in human behavior medicine. Their name reflects 

their chemical structure (see hg, 25-2). The rCAs were 

identified as a group of potentially useful drugs for the 
modification of behavior in the 1940s after the generation 
of a number of drugs with amihistaminergic. sedative, 
analgesic, and antiparkinsonian effects, Imipraminc was 
selected based on its hypnotic and sedative effects, finipra- 
mine differs from phtnothiazinc only by the replacement 
of sulfur with an ethylene bridge, yielding a seven-member 
ring. This compound proved ineffective in quieting agitated 
psychotic patients, but very effective for selected mood 
disorders {Baldeturini 1995a,b). 

Thu search for chemically related compounds yielded a 


number of additional drug''. Clomipramine, amitriptyline, 
and doxepin arc all derivatives of imipraminc (Baldcssarink 

I995a,bk Each contains a tertiary amine at one of the 
substitution sites on the seven-member ring. Desipramint, 
a major metabolite of imipraminc, and nortripty line* the A- 
demethylated metabolite of amitriptyline, are seconcUry 
amine tricyclics. Protriptyline and trimipramine are other 
TCAs with few veterinary applications (Simpson and 
Simpson, 1996), Differences in the effects oi NT re-uptake 
vary with the different amine structures (Baldexxarini, 
I995a,b). 

Mechanism nf Actum 

The mechanism of action of the TCAs {and MAO inhib¬ 
itors and selective serotonin re-uptake inhibitors [SSRJs]) 
is blockade of the- mechanisms of physiologic inactivation 
(am Fig. 25-1 ). For the TCAs*. the mechanism h inhibition 
of re-uptake at presynaptic biogenic amine NT receptors in 
the brain. As re-uptake is inhibited, the concentration of 

NTs increases, prolonging their actions (CHS srimulatKUil, 

Differences iti NT* impacted rvlteci, in part, the chemical 

structures (Baldes&arini, 1995). Imipraminc and its deriva¬ 
tives with a tertiary amine side chain block norepinephrine 
rc-uptake but have little effect on dopamine reuptake. 

The secondary amine derivatives of imipranune are po¬ 
tent and highly selective inhibitors of norepinephrine re 
uptake; however they are characterized by fewer auto¬ 
nomic and anticholinergic effects. Tertiary amines that are 
metabolized in the patient to secondary amines will have 
effects on norepinephrine re-uptake, Clomipramine has 

marked effects on serotonin re-uptake. Doxepin is charac¬ 
terized by greater antihislaminergic actions {thus explaining 

its frequent recommendation for chronic pruritus). Al¬ 
though amitriptyline is the most commonly prescribed drug 
for animals, clomipramine has recently been approved for 
treatment of separation anxiety in d®g s 


Ph armacnlogic Effect* 
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The effects of 

TCAs at prcsynaptk and postsynaptic receptors and auio- 

regulation result in complex responses that ire not well 
understood. Although inhibition of re-uptake occurs very 
rapidly, peak effects still take several weeks. This pro¬ 
longed time to maximal effect reflects in pan disposition 
(am later discussion of clinical pharmacology) but also 
appears to reflect adaptation in the CNS to changes tft NT 
concentrations at the synapse. Administration of a TCA 
results in an immediate decrease m the synthesis and re¬ 
lease of norepinephrine or serotonin (depending on the 

major target of the TC A) in selected areas of the brain. 

Hie effects appear to be mediated presynaptically through 

auioreceptors fa ; or serotonin, respectively i. Turnover, 
however, gradually normalizes within I to 3 week'', Autore¬ 
ceptors appear to be down-regulated and become desensi 
tized it' the presence of the TCA (Baldcssarink l,995a:b). 
The number and sensitivity of postsynaptic adrenergic re¬ 
ceptors do not appear lo be impacted bv continued use of 

a TCA. 

Adaptive responses appear to influence the pharrnaco 
logic properties of TCAs at adrenergic receptor sites. The 
TCAs have a moderate affinity for ct t -receptors and only 
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]■ railed affinity fm a-receptors and fT receptors Change 

in serotonin receptors after repeated treatment with TC Ns 

arc complex. Although the impact is not clear, the general 

effect appears to be increased sensitivity to serotonin, This 
may be an important component to the outcome «l pro¬ 
longed treatment iBaldesvarini, |995a». The TCAs also 

appeal to impact the effect of other NT-' and their receptors, 

including GABA (unknown significance), and dopamine 
(D.: desensitijeation of autorcceptors resulting in mood ele 
vation) Other factors to consider regarding adaptation to 
TC A effects include changes in AMP-dependent protein 
kinases and potential changes at the level of gene expres¬ 
sion (Haldcssarmi. I995a.b). 

fit addition to tolerance no sedative and auiunotnk 

effects), physical dependence lo the TCA cat develop. 

Physical dependence after acute withdrawal is manifested 
in human patients as malaise, chills, coryza, and muscle 
aches iBaldessarini, 1995a,b) Slow di^continuation of the 

drug is recommended. 

Autonomic Nervous System* The predominant effect 
of TCAs on the autonomic nervous system appears to 

reflect inhibition of norepinephrine transport into adrener¬ 
gic nerve terminals and antagonism of muscarinic choliner¬ 
gic and a r adrenergic responses to the NTs Blurred vision, 
dry mouth, constipation, and urinary retention at therapeu¬ 
tic doses (documented in humans) appear to reflect Ldnucho- 

hnergic effects f Batduurini , 1995a,b). 

C* rdiovase u la r S y a I e ra. Card io v a sc u Ur cffe c t s o f 
TCAs occur ai therapeutic doses and can become lift 
threatening with overdose. Postural hypotension occurs in 
human beings due to u-adrenergic blockade. Mild ymis 
tachycardia occurs due to inhibition of norepinephrine up¬ 
take a mi muse arime (MI) blockade I Baldessarim 1 WSa.b ), 
Conduction time is prolonged, especially at concentrations 
above 200 ng/mL The TCA can also directly suppress 
the myocardium (BAldessarini, I995aj>h The myocardial 
depressant effects are greater in the presence of underlying 
cardiac disease. 

Clinical Ph ornw olttgy 

The disposition of tin- TCA favors adverse reactions, in 
that the characieri sties of disposition are those that tend to 
vary greatly among animals, and extrapolation between 
species is complicated. Unfortunately, the disposition of 
the drugs has not been scientifically studied in animals, 
and information is extrapolated from human data The 
TC'As are very lipophilic. As such, they are well absorbed 
after oral administration. They can, however, Undergo 

marked fie***pass, fneialhilism. High doses can cause anti* 

cholinergic effects on the gusimintcstuul tract, slowing 
absorption or making it erratic. Absorption in humans can 
result in peak concentrations us rapidly as 2 hours or as 
long as 1 2 hours after administration (Baldessanni, 
I495a.b), The dregs art very highly prorein bound* but 
unbound drug is characterized by a very large volume of 
distribution 110 to 15 L/kg in human patients), contributing 

to a long elimination half-life Drug may bind avidly to 
selected tissues. 

Drugs arc eliminated by hepatic (oxidative) metabolism. 

Metabolism i* variable among human patients, accounting 
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for plasma concentrations that differ by 10- to 30-fold 
Metabolism yields active and inactive metabolites, if tv not 
dear whal percentage of the antidepressant activity of 
the TCA is associated with the: metabolites. Metabolites 
generally have an elimination half-life that is tw ice or more 
that of the parent compound (Baldesxarini, 1995a*b). Thus, 

accumulation of the metabolites cun result in a (narked 
proportion of the pharmacologic effect of TCAs. 

Following multiple oral administration in dogs both 
clomipramine and its principal active metabolite, dcMtitth- 
yIclomipruminc, accumulate following repetitive adminis¬ 
tration sn a dose-dependent manner at doses ranging from 
1 tn -I mg/kg (King et #L 2000a). The parent compound 
has an elimination half-life of 5 to 6 hours compared to 3 
hours for die metabolite, resulting in concentrations of the 
parent compound that are higher than that of the metaholite 

Steady-state concentrations .ire reached in 4 days, resulting 
in a response within I to 2 weeks. Food dhe* wit appear 
in alter the rate or the extent of oral absorption (King el 
al.> 2000b), with hina variability of clomipramine being 
211% and of its metabolite. 140%. Protein binding of both 
the parent compound and its metabolite are >96%. 

Side Effects 

Up to 5% of human patients receiving a PCA react 
adversely. Sedation is common with the FC'Av (Simpson 
and Simpson, 19%). The mosl common reactions reflect 
anti muscarinic effect nr overdosing. Cardiac toxicity h a 

levs frequently reported but ser ious effect (with the excep¬ 
tion of clomipramine in Jogs). Side effects include dry 

mouth, gastric distress. constipation, dir/iness, tachycardia 
or other arrhythmias, blurred vision, and urinary retention 

(particularly problematic in the presence of proMatitic hy¬ 
pertrophy ) (Iteddenari m. 1995a,b) Weakness and fatigue 
reflect CNS effects. Cardiac toxicity is more likely in 
patients who start therapy with cardiac discare. In healthy 
panic nix, the most likely cardiac response is hypotension 
due to a-adrenergic blockade. 

An undesirable side effect of antidepressant drugs in 
people is referred to as the “switch process/" Patients 

undergo a transition from depression to hy pom ante or 
manic excitement (Baldesvanm. I995a,b), This effect has 
not been reported in animals. Confusion and delirium ore 
behavu* aberrations that occur commonly in human pa- 

tients, with the incidence of 10% in all patients, increasing 
lo more than 30% sn elderly patients over Age 50 years 
(Baldc&sarini, 1995a,b) Miscellaneous toxic effects in fm~ 
man patients include leukopenia, jaundice, and skin rashes 
Weight gain occurs, particularly with those drugs that are 

selective for iserotonin re-uptake. Isolated reports that ad¬ 
dress the -ode effects of TCAs in dogs arc uncommon 

Goldberger and Rapoport (1991) reported side effects in 5 
of 13 dogs receiving clomipramine lot lick granuloma 
Clinical signs included Icihargy, anorexia, diarrhea, and 

growling. 

Acute poisoning with TCAs is common in human pa¬ 
tients (accidental or intentional 1 and appears to he a sig¬ 
nificant problem in animals (Johnson. 1990). Symptoms in 
humans vary and are complex. Excitement and restlessness 
may be accompanied by myoclonus or tonic-clonk sei¬ 
zures Coma may rapidly develop, associated with de* 
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pressed expiration, hypoxia* hypothermia* and h> potenTon 
(B a IJ l's x uf i fs i. i 99 5 a, h i Antic hu -linergic c f fee t s i nc L ude 

mydriasis* d:> mucosa* absent bowel sounds urinary reten 

tion, and cardiac arrhythmias, including tachycardia Clini¬ 
cal signs repealed after occidental ingesti<im in animals 
(h>hn%un, 1WC) I include hypercxcitemcm and vomiting as 

early manifestations, fid towed by ataxia lethargy, and mus¬ 
cular tremors Bradycardia and other cardiac arrhythmias 
occur later These later signs occurred shortly before death 

in experimental animal models of TCA toxicosis (John¬ 
son, 19m 

Treatment for TCA toxicosis is supportive, including 

nfspiraiory (intubationI and cardiovascular support. Gastric 
lavage with activated charcoal can he used early. Emetics 

probably should be avoided because of the risk of aspira¬ 
tion pnetitnonia in securing animals I some anti-emetics 
may further predispose the animal to- seizures). Shurt-acting 

barbiturates (or similar drugs) without pre-atropini/atiof) 
are preferred for anesthetic control during gastric lavage, 
Cathartics (sorbitol or sodium sul fate—CiI auber ‘s -salt) can 
he iif benefit, Magnesium sulfate should not be used be¬ 
cause impaired gastrointestinal moriliiy can facilitate ab¬ 
sorption of magnesium. Resolution of coma may require 
several day &; the threat of cardiac arrhythmias likewise 
persists for several days. Pharmacologic interventions for 

cardiac arrhythmias have not been well established. Alka- 

lini/.alion (sodium bicarbonate vufHcioit to maintain blood 
pH above 7 5: 1 to 3 mEq/kg Over i 5 to 30 minutes IV) 
may prevent death by increasing protein binding and in¬ 
creasing cardiac automat icily (due to potassium shills) 
(Juhmson. 1990). Cardiac drugs, including antiarrhythmics 
and digoxin, are contraindicated m human patients. Pheny- 
loin may provide antiarrhyihmic effects nnd in human 
patients is useful for treatment of seizures |Baldcssarini* 
1995a,b1 This latter effect is not likely to occur safely in 
animals Dia/epam is indicated for acute management of 
seizures, fk-Adrenergic receptor antagonists and lidneame 
mas be useful iBaklessarini. I995a.h). The risk of tonic - 
clonic seizures is increased in human patients, particularly 

at high doses. 

Clomipramine generally is associated with less sedation 
than with the other TCA* (iitame-Diaz, 1997a). 

tndicaturns 

The TCA. have been recommended among animal be- 

haviorisis for most abnormal behaviors manifested in dogs 
or cats, These include, but arc not limited to, behaviors 
associated with "fear and aggression tJuarbc-Diiu. I997;j,bk 

stereotypes obsessive-compulsive or xetT-mutr Lilian disor¬ 
ders, imd excessive barking, 

Coniraittdie&twns 

The TCAs should he avoided in animal with a metabolic 
disease. Specific contraindications include a history of car¬ 
diac or hepatic disease, seizures, glaucoma, hyperthyroid¬ 
ism, and thyroid honnone supplementation (Juarbe-Dia/+ 

1997a. hi. 

Drug ini tractions 

The TCAs can interact with a number of other drugs. 
Competition for protein-binding site* with other highly 


protein-hound drugs cun result in increased drug concentra¬ 
tions. Drugs that impact drug-metabolizing enzymes, 
through either inhibition or induction, alio impact the clear¬ 
ance of TCAs The sequelae of the impact are difficult to 

predict because active metabolites similarly are impacted. 
In general, however, drags thru inhibit metabolism are 

Likely tn result in greater drag accumulation and increased 
risk of toxicity The tricyclic and other antidepressant* also 

can compete with other compounds for metabolism. The 

drugs themselves may impact metabolism of ocher drugs. 
Clomipramine inhibits the metabolism of other drugs 
(Baldessanm. I995a.bk The antidepressants potentiate the 

effect-i of sedative drugs. I "he TCAs should not he used in 

combination with other drags that modify CNN NTs. In¬ 
cluded are monoamine oxidase inhibitors and amitrai (Ju- 

arbe-Dia/* I997a*bf In human patients* a potentially lethal 
mtcracbon has been reported when a TCA. particularly one 
that inly bits serotonin uptake* is combined with an MAO 

(Baldessarini. 1995i,h) The term vemrmtin sywtwme has 

been applied to this interaction, which is characterized 
by restlessness, muscle twitches, hyper-reflexta. shivering* 
and tremors, 

CMotf 4 

Most drugs lake 7 to 3 weeks for clinicu] efficacy lo be 

realized. The exception mighi be amitriptyline* which may 
cause a response within 5 to 5 days (iuarbe-Diaz, 1997a)* 
Dogs can irsond lo clomipramine within I to 2 weeks 
Therapeutic drug monitoring may facilitate the vale and 
effective use of the drags. In human patients, plasma con¬ 
centrations that range between 100 and 250 ng/mL are 
m*wi likely to cause satisfactory anti depress am effects, 
toxicity can Ik- expected at concentrations above 500 tig/ 
mL, with fatal consequences likely as concentrations ap¬ 
proach 1000 ng/mL (Baldes&arini, 1995a,bb Variability 

among human patients land presumably among animals) 
support* the use of monitoring to guide therapy. Monitoring 
to avoid toxicity is* however, complicated by the recogni¬ 
tion that serum, concentrations by themselves are riot, reli¬ 
able predictors of toxic responses. 

Because of the risk of withdrawal due to physical depen¬ 
dence, discontinuation of TCA should occur over a week 
or longer if therapy has been prolonged (Ba Idessari ni, 
iw5it,b). 

Sdectlvr Srmlimin Kl- uptake Inhibitors 

Structun-Attirity Relationships md Mechanism of 
Actio* 

the SSRls enhance CNS serotonin by Mocking prcsyn- 
aptic neuronal uptake (see Fig. 25-1), They may also 
increase post synaptic receptor sensitivity (Simpson and 
Simpson, 19%), Drugs currently approved in humans in¬ 
clude fluoxetine, paroxetine, sertraline, and ftuvoxamme. 

Because of their selectivity for serotonin uptake* the di¬ 
verse effects that characterize TCAs ate generally absent 
with SSREs. 

Ciirtical Pharmacology 

The clinical pharmacology of the SSRis is similar lo 
that of the* TCAs, including oral absorption, lipophilicity, 
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protein-bindulge and volume of distribution. Like the 
TCAs, fluoxetine is metabolized by the liver to an ac¬ 
tive metabolite (norflunxetine) and inactive metabolites 
(Baldessarini, IWa.b). The active metabolite is very long 

acting. In addilion. it interferes with the metabolism of 
*Hber antidepressants, including the TCAs, prolonging their 

elimination even when the parent drug is no longer present 
The elimination half-life of norfluoxefine is 150 lo 2(M) 

hours in people, compared with 50 hours for ihe parent 
compound, Thus, h^sed on accumulation alone, the metab¬ 
olite can have a profound impact on therapeutic effect, 

Paroxetine and fluvoxaminc have no active metabolites (in 
human patients). The time to efficacy of SSRls (which is 
up to 3 weeks in human patients) reflects, in pan, the time 

for maximum accumulation of ihc parent drug and its 
metabolites. 

The use of monitoring to guide therapy was addressed 
with the Tf'As. As with the 1C As, effective concentrations 
have not been established in animals bus must he extrapo¬ 
lated from people. The relationship between plasma drug 
concentrations and therapeutic efficacy has tkH been well 
established (Simpson and Simpson, 1996). Plasma eoncen 
(rations thought to he effective for human patients range 

from 100 lo 300 ng/mL for fluoxetine (and its active metab¬ 
olites i. Effective concentrations for paroxetine and ser¬ 
traline arc 30 to 100 and 25 lo 50 ng/mL. respectively 
(Ba Jdessori n i, 1995b). 

Drug Interactions 

The SSR1 can inhibit (he metabolism of other drags; the 
order of potency of inhibition is paroxetine >norfluoxe- 
tine>fluoxetine = sertraline. Because of the risk tif drug 
interactions, SSRls should not be used in combination with 

other antidepressants (see earlier discussion of serotonin 
syndrome and drug interactions of TCAi and MAO inhibi¬ 
tors} (Baldexsaririi. 1995b), 

Side Effects 

Compared with the TCAs t SSRls appear to he safe. 
Unlikc the TCAv SSRls have minimal effects on the car¬ 
diovascular system (Baldessarim, 1995b). Their safety for 

patients with underlying cardiac disease has not however, 
been established. Sedation is not a common side effect 
being least liketv with fluoxetine (Simpson and Simpson, 

I996|. In bumarts, gastrointestinal side effects are the most 
common, occurring in as many as 25 f i of patients receiving 
the drag (Simpson and Simpson. 19%). Their incidence is 
minimized by starting with a low dose and gradually in¬ 
creasing the dose until efficacy is cv idem. Side effects have 

been reported m animals. In 4 of 14 dogs in a study of 
fluoxetine for the treatment of lick granuloma (Rapoport cl 
at, 19921 ^ide effects included lethargy, anorexia, and 

hyperactivity. Another siudy (Melvmn. 1995) reported the 
same side effects as well as polydypsia, diarrhea, and 
increased or decreased appetite. At least 50*3 of animals 
appeared to develop same type of side effect although side 
effects were described as Side effects reported by 

owners in a study of lluoxelinc for treatment of canine 
dominance -re tiled aggression included fatigue, lethargy, 
and decreased appetite (Dodnvm and Mcrtens, 1995). 


Clinical Indications 

Probably no behavior-modifying drug has received more 
attention in the veterinary and lay literature than fluoxetine 

(Kauffman, 1994; Marder, 1995), Despite the plethora of 

opinions or testimonials regarding the efficacy of itus drug 

for treatment of animal behavioral disorders, few scientific 
studies exist. Efficacy for treatment of lick granulomas is 
supported by a double-blind crossover sludy (Rapoport el 
al_. 1992). One third of the animals studied did not repeal 
the abnormal behavior when fluoxetine was discontinued 
Fluoxetine also has been studied in an open (nortblinded) 

sludy of dogs with a variety of behavioral problems t Mel¬ 
ina n, 1995), Approximately 65 r * of dogs with lick granu¬ 
loma. I005t of animals with separation anxiety, and R5% 

of animals with tail mutilation disorders responded to flu¬ 
oxetine, Unfortunately, data were m>t controlled for other 

treatments, making interpretation id the success of fluoxe¬ 
tine in this study difficult, Fluoxetine also has been used 
successfully to treat psychogenic alopecia in a cat I Hart¬ 
mann, 1995) and dominance aggression in dogs (Dodman 
and Mcrtens, 1995), 


Monoamine Oxidase Inhibitors 
Stmcturr*A ctivity Relationships 

The recognition that the ami tubercular drag isonia/id 
tended to elevate die mood of patients receiving the drag 
for treatment of tuberculosis led to further discovery of 
drugs that inhibit MAO, The lir*l drugs used were structur¬ 
ally related to hydrazine and were associated with marked 
hepatotoxidty. An attempt was made to synthesize C'NS- 

stimulant compounds unrelated to hydrazine but similar to 
amphetamine. Ultimately, selegiline was a result of this 
later effort i Balde ssari ni. I995ajb), 

The MAO inhibitors potentially affect a variety of 
monoamines by inhibiting mitochondrial MAO and the 

subsequent degradation of monoamines, most notably do¬ 
pamine (see Fig, 25-1). Most of the clinically relevant 
drags are nnnselcctive toward two major enzyme groups 
(Balde ss*ui ni. 1995a,h) that are characterized by different 
substrate specificities. MAO-A prefers serotonin and is 
inhibited by clorgyline. and MAO-B prefers phcttyleth- 
ylaminc and is inhibited by selegiline, Selegiline is the 


only currently used MAO inhibitor characterized by selec¬ 
tivity The drag targets MAO-B and is relatively selective 

for dopamine. It is approved for use in dogs lor treatment 
of pituitary-dependent hyperudrenoeoriicism, (purported to 

he a dopamine deficiency) and cognitive dysfunctions. 
Binding to the MAO is irreversible, and recovery from 

effects requires synthesis of new enzyme, tn human pa¬ 
tients, this appears to require I to 2 weeks. Metabolism 

occurs more slow ly in geriatric patients [ Bultiessarmi. 



Pharmacologic Effects 

The effects of the MAO inhibitors occur on systems 
affected by sympathomimetic amines and serotonin. Al¬ 
though as a class the MAGs inhibit a number of enzyme 
systems other than MAO. generali/aiions to the das* do 

not necessarily apply to selegiline Selegiline potentiates 
dopamine in selected neurons and has been approved to 
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Uval Parkinson's disease m humans and cognilive dysfunc- 
(nms in animals, conditions assumed to be associated with 
dopamine deficiency. Selegiline also scavenges oxygen rad¬ 
icals and reduces neuronal damage due to reactive products 

of oxidative metabolism of dopamine or other compounds 

(Baldesviirini t I995a t b). A delay in the therapeutic effect 

up to 2 or more weeks characterizes the use ol selegiline, 

Reasons for the delay are not known (Baldessari’ii, 
1993a, b). 

Clinical Phanttacologj 

The MACK arc readily absorbed after oral administra¬ 
tion. Maximal inhibition incurs within 5 to 10 days. De¬ 
spite a long biologic activity, efficacy appears to decrease 
in human patients if ihe drugs are administered ai an 

inicnal longer than 24 hours (Baldessarini* I995a.b), 

s ui i Effect* and Drug ittttmcttom 

Selective MAO inhibitors appear to lx*- safe. Severe and 

potentially fatal interactions have, however, been described 

when MAO inhibitors were combined with other antide¬ 
pressants. Particularly problematic is the combination of 

MAC.) inhibitors with drugs that inhibit the reraptakc of 
serotonin (see twirlicr discussion of semionin syndrome 
wiih TCAsi, Other drugs wiih which MAO inhibitors may 
interact include meperidine and precursors of biogenic 
airlines. Selective MAOs such as selegiline are not neces¬ 
sarily safer than the older or nor selective inhibitors when 
combined with other drugs. Hypertensive crisis, a serious 
side effect that occurs when aged cheeses containing lyra 

mine (a bacterial monoamine by-product! arc ingested in 
the presence of nonsdecuve MAO inhibitors, does not 
occur with selective MAO inhibitor* such as selegiline. 


Anxiolytics 

Pharmamla^y 

The primary anxiolytics used m veterinary medicine are 
the benzodiazepines (see Chapters 24, 26). including diaze¬ 
pam, its metabolite oxazepam, tlorazepaie (metabolized in 

the stomach to A-de&methyl diazepam, a major metabolite 
of diazepam), Inrazepam, alprazolam, and clonazepam, The 
assumed mechanism of action of iJwh l drugs is GABA- 
minergtc through interaction with the GABA a receptor. 
The anxiolytic effects are separate from the general CNS 
depressant effects caused by these drugs. Their central 
effects are somewhat dose dependent. Sedative e(Texts oc¬ 
cur at low doses; m a result, excise mem is lempered. 

Anlianxiety effects are evident al moderate doses, being 

beneficial lo social interactions, At high doses, hypnotic 
effects become evident Sedation becomes pro found at high 
doses, ataxia is evident and sleep is facilitated (Overall, 
hW 7 l. Decreased skeletal muscle activity—particularly of 

value in «izurio| animals— is central in nature and is 
independent of sedative effects. Cats appear to be more 
prone than dogs io muscle relaxation (Overall, 1997), Bert 
zodia/epincH may distribute differently cats, with extensive 

binding of diazepam and its major metabolite. dexmethyldi- 

uzepum, in the brain (Plneidi ct ul., 19"6>. 


The effects of the benzodiazepines reflect in part metab¬ 
olism to active, inactive, and potentially toxic metabolites. 
If efficacy reflects furmatkm of an active metabolite (e.g,* 

dcMnethyldiazepani), accumulation may be necessary be¬ 
fore maximum effects arc seen. Lorazepam and oxazepam 
have short elimination half-lives in human patients and are 
metabolized by phase 11 (glucuronidatioii) enzymes Thus, 
metabolites of these drugs are not likely to be active or 
toxic, although the risk of toxicity in cals has not been 
assessed. 

The elimination half-life of many benzodiazepines in 
general is short. Efficacy can be prolonged by metabolism 
to active metabolites (in humans). Slow acting compounds 
include clorazepate aid midazolam. Intermediate half-life 
dregs such as oxazepam, lorazepam. chlord iazepox ide. and 
alprazolam have no active metabolites. Longer acting ben¬ 
zodiazepines include diazepam and clonazepam. Alterna¬ 
tively, dora/epate is available as a sustained-release prod¬ 
uct that can be administered less frequently. 

Tolerance develops to the anticonvulsant and sedative 

effects of many benzodiazepines Tolerance appears less 

likely to develop to die anxiolytic effects of these drugs 

{Simpson and Simpson* 1996b In contrast, withdrawal can 

accompany rapid discontinuation of the drag, Thus, doses 
gradually should be tapered (c.g., 25% per week) m the 
drug is discontinued (Simpson and Simpson. 1996; Over¬ 
all. 1997). 


Side Effects 

in addition to change* in behavior, the benzodiazepines 
have been associated with a number of side effects in 
human patients. Reaction may be to the parent drag or a 
metabolite. Long-term use in human patients has been 
associated with neutropenia and liver disease. Recently, 

acute fulminating hepatotoxteity has been reported in cats 

receiving iliuzepum orally (Center et al.. 1996) Clinical 

signs include anorexia, vomiting, lethargy, hypothermia 
and jaundice. The adversity appears to be dose dependent 
land thus may be idiosyncratic), occurring in most animals 
within 5 to 11 dayi niter therapy is begun. Mortality is 

high (# of 11 cats in one report) despite intensive therapy. 
Histology revealed severe acute to subacute lobular lo 

massive hepatic necroses, suppurative cholangitis, and bili¬ 
ary hyperplasia. Baseline hepatic function data might be 
collected from cats before therapy L begun and again 3 to 
5 days after therapy is begun in order to minimize (he 
damage induced by diazepam administered to cats at risk. 
Any evidence of illness Cor evidence of prolonged elimina¬ 
tion) should lead to discontinuation of the drug. Clorazc- 

pate used in combination wills phenobarbita) in dogs for 

control of seizures has, in the author’s experience, also 

been associated with liver disease. 


Clinical Indications 

The benzodiazepines are less desirable as behavior-modi¬ 
fying drugs because of their nonspecific nature (Overall* 
1997), Thus, n notable disadvantage of the long-term use 
of benzodiazepines is their tendency to interfere with the 

ability to learn in animals undergoing behavior modifica¬ 
tion its pan of iheir treatment program f Undell, 1997), An 
exception can be made L* chlordia/epoxlde T which appears 
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to facilitate ope rum conditioning in nervous dogs (e.g,* 
pointer 1 (Simpson and Simpson, (996). Paradoxical reac¬ 
tions nm occur in some animals, including rage, hyperex- 
cirability; and anxiety In addition, the risk that pet owners 
mu> use the animal's drug should lead to close scrutiny of 

ihi- animal's drug needs and use. 

Benzodiazepines are indicated for *he treatment of anxi¬ 
ety. Alprazolam and clonazepam may he associated with 

fewer side effeds and might be preferred (Overall. 19971: 

however, fewer reports exist regarding (heir use in animals. 

The beimxliu/tpines are contraindicated in aggressive pa¬ 
tients (Overall* I997|. Simpson and Simpson (1996) noted 
(hat the contraindication may depend on the cause of ag¬ 
gression, if aggression it a manifestation of an underlying 
fear or anxiety, then the benzodiazepines may reduce ag¬ 
gression If, however, anxiety or fear is masking aggros 
sion. the benzodiazepine may increase aggression. Other 
indications h* benzodiazepines include treatment of inap¬ 
propriate elimination i Overall, 1997), noise phobias, and 
selected anxieties such us visits to the veterinarian (Simp¬ 
son and Simpson, 1996: Overall. 1997). 

Anxioseiective Drugs: Azapirmm 



Structure- Activity Rclntiiimliips 

Buspirone also is referred to as a nonspecific anxiolytic. 

Members of this group were specdkaiIy developed for 
atypical depressions* nonspecific generalized anxiety disor¬ 
ders. and selected obsessivc-compuhive disurders. Buspir¬ 
one is the first norisediuing antianxiety drug to be marketed 

{Simpson atuJ Simpson, 1996). Its effects appear to reflect 
blockade of 5-1 IT receptors at both pre synaptic and post- 

synaptic sites, Pfcsynapiic inhibit ion increases serotonergic 
activity when serotonin is low* whereas posisynaptic con- 
trol reduces serotonin when it is high (Simpson and Simp¬ 
son. 1996). Buspirone will cause down-regulation of 5-HT 
receptor* In addition, it will act as a dopamine agonist 
throughout the brain (S ttip&on and Simpson, 1996). 

Side Effects 

In contrast to benzodiazepine anxiolytic drags, buspirone 
has no sedative, muscle relaxant, or anticonvulsant actions. 
Ir does not impair motor performance (Simpson and Simp¬ 
son. 19%:. Side effect* to buspirone manifested in cats 
include increased aggressiveness (toward mher household 
cats), m teased affection toward owners, mild sedation. 

aisd agitation (Cooper* 1997), Vamning mu) tachycardia 

also have been reported (Cooper, 1997), In contrast to the 
anxiolytic drugs and tricyclic antidepressants, buspirone is 
associated with a low abuse potential Withdrawal symp¬ 
toms after discorninua(ion of the drug apparently do not 

occur {Overall, 1997), Abuse potential is very low. 

Clitikiil Indicitiom 

Buspirone has been used to treat canine aggress ion. carnnf 
and feline stereotypic behaviors, self-mutilation, obsessive- 


compulsive disorders, thunderstorm phobias, and feline 

spraying (Overall* 1997). Buspirone apparently has been 

particularly useful for treatment of anxiety associated with 

social situations such as aggression or marking behaviors 

(Overall, 1997). One week of therapy may be sufficient to 
evaluate the drag. 

Miscellaneous (Nonspecific) Drugs Used 

to Modify Behavior 

Prugest iiw 

Progestin interaction with GABA recepiors is 10 to 50 
limes more potent than that rf barbiturates (Overall* 1997)* 

TTiis may account for the nunspccilic calming effects of 

the drugs observed in veterinary medicine The advent of 
newer behavior-modifying drags {e g.. TCAs* SSRlsj and 

the incidence of side effects Largely limits their use in 
animals that have failed other medications and are faced 

wiih euthanasia. 

Several side effects have been well documented in ani¬ 
mals receiving pnogestins long term. Among the more 
notable because of their magnitude nr life threatening na¬ 
ture are gynecomastia* mammary gland neoplasia* diabetes 
mdlitus* aplastic anemia, and pyomerra (Juarbe-Diaz* 

]997a,b). Animals should be monilored frequently for evi¬ 
dence of adversities. 

Progestin* are most wisely reserved for adjuvant short¬ 
term therapy until the second drag takes effect (i,e.* 4 to 6 
weeks)* and only the oral form is recommended. The pro- 

gcsiins also are an alternative for animals in whom eutha¬ 
nasia is being considered; in such cases, a high dose (4 mg/ 
kg orally every 24 hours) has been recommended in order 
to stimulate a rapid response (Juarhe-Diaz, 1997a). 

A ntfcttnv vEsnnto 

A number of ant icon vulsani drugs have been used to treat 
behavioral abnormalities. The most notable used tor ani¬ 
mals include the barbiturate phenobjirhiial (and its conge¬ 
ner primidone) .red phenytoin* a hydimoin derivalive. 

II■ cir use has been somewhat efficacious for Treatment of 
overact!ve ot aggressive behaviors (which actually may 
have been an expression of psvchomotnr epilepsy) (Over¬ 
all, 1997)* Efficacy is. however, generally dependent on 

administration of sedative (and. with long-term use. poten¬ 
tially toxic i effects. More notably, their use has Largely 

been replaced by the TCAs or SSftls. The side effects of 
these drugs rdiscussed in Hiapter 24 ■ limit their long-term 

use* although monitoring fas with anticonvulsant therapy) 

may help avoid toxicity, 

Phcnytuin has been useful for the treatment of explosive 
aggression in human patients. Phcnobaibilal may prove 
useful for controlling excessive feline vocalization during 

car travel {Overall, 1997) or canine aggression (Hodman 
and Shuster, 1994). Oubamuzcpme (an iminodiahenzyl de¬ 
rivative of tmiptamine) also has been used lt> treat explo¬ 
sive aggression in humans. Valproic acid may be useful fur 

treatment of aggression (Dodman and Shuster, 1994), 
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Narcotic Agonists 4 iimI Antagonists 

The JiiJijs arc discussed more in depth fur pain control 

(see Chapter 22}, The antagonists m particular have proved 
useful in the treatment of selective obsessive• compulsive 
disorders in humans Efficacy also has been reported to 
treat selected self-mutt la lion disorders m dogs (e,g„ acral 
lick dermatitis or lick granuloma) (Overall, 1997; Dodman 
and Shuster. 1994; Simpson and Simpson, 19%). Pure 
antagonists* including naloxone and naltrexone, the latter 
an orally biouvailahle product, and mixed agoni*1 damage* 
nists such as pentazocine appear effective. These drugs 

bhxk mu and kappa receptors. The assumed mechanism of 
action is blockade t>1 self-reward mediated by endogenous 
opioid release that may accompany self-destructive behav¬ 
ior. HydroctsJonc also has proved effective in selective 
seIf-desiructis e behaviour* in both the dog and cat 

Ant ih is tun lines 

The mildly sedative (c.g., with hydroxyzine} or hypnotic 
(e g., with diphenhydramine) effects caused by H, receptor 
blockade can be of bene til for some behavioral disorders 
These drugs are discussed more in depth as anikmetics at 
the vestibular apparatus (sec Chapter 27) Indications as 
behavior-modifying drugs might include the treatment «f 
chronic pruritus, late-night activity, car travel, and selected 
transient behaviors accompanied by pacing and vocaliza¬ 
tion (Overall 1997 k 


p-B lockers 

$ Adrenergic blockers (e,g., propranolol, pindolol) have 
been used in human medicine for the treatment of aggres 
sivc outbursts associated with self-mutilation or injury 
problems, intermittent explosive behaviors, conduct disor¬ 
ders, dementia, jmd schizophrenia (Overall. 1997). The use 
of these drugs for similar disorders in animals has not, 
however, been very successful (Overall, 1997}. Nun-selec¬ 
tive fF blockers also have been used to treat anxiety in 
human beings. One animal behaviorist reports success with 
propranolol or pindolol (the latter also affecting serotonin 

receptors) fot the treatment of fear aggression in dogs 
(Dndman and Shuster, 1994). 


Slim til ants 

St i mu I ant s i nc lude dc xi roamphct&m i nc, meth y I phe ni datc 

(Ritalin), and pemoline. Stimulants arc characterized by 

paradoxical effects in that they cause excitement in the 
normal patient but a calming effect in the hyperactive 
patient Their indication for human patients js for the treat¬ 
ment of attention deficits. Conditions of hyperactivity are 

rare in veterinary medicine. Proper diagnosis is imperative 
to successful therapy with stimulants. 

Their actions are to increase sympathomimetic stimuli- 
lion Side effects include increased hem and respiratory 
rate and anorexia. Tremors and hyperthermia may occur 
The drugs are contraindicated for patients with cardiovas¬ 
cular disease, glaucoma, and hyperthyroidism. The drugs 

should not be used in combination with other behavior 
modifying drugs (Overall, 1997). 


TREATMENT OF SPECIFIC BEHAVIORAL 



Cure must be taken to distinguished behavior that is per- 
ceived to he abnormal by die pet owner from norma] 

behavior. Pharmacologic management of abnormal behav¬ 
ior should be* approached as an adjunct, and specifically as 

a facilitator, to normiklizing behavior rather than as a cure. 
A number of non-drug techniques have been recommended 
by many animal behmviorists (Laodsberg, 1994; Voith and 
Borehelt 1985a,b; Simpson and Simpson, 19%; Houpt, 
1997). Abnormal behaviors that require drug therapy 
should he simultaneously .managed with behavior modifi¬ 
cation training. For example, decreasing arousal and fear 
can facilitate learning a new behavior (Juarbe-Diaz. 
I997a,bh 1 he use of behavior-modifying drugs b not well 
studied in cals and dogs, and rarely are recommended 
indications based on well-controlled clinical trials. In add! 
lion, many of the drugs used to modify behavior cm cause 
serious side effects* ;umJ the clinical pharmacology of the 
drugs increases she likelihood of adversity because of urv 
predictability of plasma or tissue drug concent rat ions. 
Many of the side effects may not be readily observed by 
the pet owner, further increasing the risk of side effects. 
Finally, slow response to therapy may lead to unsupervised 
manipulation of dosing regimens by the: pet owner, again 
predisposing the animal to adverse reactions. Owners 
should be well counseled regarding the risks ami benefits 
of behavior-modifying drugs, including potential changes 
in behavior that may be less desirable than the behavior 
targeted by the drug. Although many drugs recommended 
for use in dogs ami cats are approved for human, but 
not veterinary, use, behavior-modifying drugs stand out 
as having potential risks of adversity ( Johnson, 1990). 
Acquisition of informed owner consent may be prudeat 
before implementing therapy with these drugs. Caution 

should be taken to avoid substance abuse by pel owners. 

Monitoring serum drug concentrations may be of benefit 
for selected drugs. Monitoring must, however, be per¬ 
formed in conjunction uiii clinical response, including 
both efficacy and safety. Antidepressants should be used 
cautiously or not at all for patients suffering from metabolic 
illnesses. Adequate time must be allowed before a drug or 

a dosing regimen is considered to fail. At least two drug 

elimination half-lives plus the time described to maximum 
efficacy foi the particular drug should elapse In general, 

combinations of behavior-modifying drugs should Ire 
avoided. One drug should be withdrawn, often slowly, 

before another h begun A drug-free time of two drug 
el inti nation hair-lives is recommended in humans before' a 
new drug is begun. Generally, 10 to 20 days should elapse 
until j drug-free period has been sufficiently long for a 

short-acting drug and up lo 6 to 8 weeks for longer acting 

drugs (Overall, 1997). 

The following description of drag therapy for selected 
behaviors is not intended to fie a ‘ cookbook" approach to 
managing abnormal behavior in dogs and cats. Rather, 
clinicians should familiarize themselves with the assumed 
behaviur and its proper non-drug behavioral modification 

management. Clinicians should be thoroughly familiar with 
the drug to he used. Because indications are less clew with 
these drugs, an emphasis should be placed on side effects. 
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drug jmeracrions. and contraindications Consultation with 

a veterinary hehaviorist is strongly recommended before 

implementing any drug therapy. 


Canine Behaviors 


DorhiiLdiki'-krluti'd Aggression 


Aggression appears to be re bled to noradrenergic. dopa¬ 
minergic, and serotonergic recepturs; of these, the seroton¬ 
ergic appear most important. As such, drugs that are selec¬ 
tive for serotonin receptors may be more effective for 

aggression. Among the TCAs, clomipramine would be pre¬ 
ferred. Fluoxetine* paroxetine, and sertraline are selective 
for serotonin uptake; among these, fluoxetine has been 
used in dogs for dominance aggression fiDuduian et ah, 
1996}. Fluoxetine -r l mg/kg ordly 24 hours) significantly 
decreased owner-directed aggression in a single-blind 
crossover study (compared with placebo); behavioral nwdii 
hcation was not included with drug therapy (Dodman ami 
Mcriens. 1995). 


Administration of tryptophan, a. serotonin precursor. has. 
been associated with reduced aggression. Other drugs that 

may reduce aggression include propranolol (episodic ag¬ 
gress ion in people}, corbamazepine, Lithium, and pfocnobar- 

bital (Reisner, 1997), Long-term adverse effects outweigh 

the potential behavior-modifying effect of progestin admin¬ 
istration for aggression. Anxiolytic drugs may reduce domi¬ 
nance-related aggression ;f aggression is a manifestation of 
fear or anxiety (Simpson and Simpson. 199b: Marder. 
1991). Aggression may worsen in some patients treated 
with benzodiazepine derivatives, however, especially if 
normal inhibitory mechanisms ate suppressed (Simpson 
and Simpson, 1996), In human patients, anticonvulsants 
have been useful for treatment of "explosive™ aggression 
Phenytoin and carhamazepine both have been used. For 
animals, corhamazepine is preferred for profound aggro-, 
sion (hat has not responded to other therapy { Overall, 
199? >. Monitoring may facilitate successful therapy; con¬ 
centrations known to he effective for cotutoi of seizures in 


human patients (6 to lO^g/mL) may be effective for con¬ 
trol of aggression in animats (Overall, 1997)* 


.Stereotypic Motor Behaviors, Ghsesiive- 
Compulslve Disorders, Sdf-Mutilitiug Disorders 

Stereotypies are repetitive behaviors that appear pointless 
and mindless io the observer (Dodman and Shuster, 1994). 
They are generally associated with chrome conflict, con¬ 
finement, and sensory deprivation. Obsessive-compulsive 

disorders (OCDs) arc poorly defined in veterinary medi¬ 
cine, Io humans, OCDs are ritualistic and sufficiently inva¬ 
sive either cognitively or physically to interfere with nor¬ 
mal fund ion (Overall* 1994a* 1997) Abnormal behavior* 
in animals that might be considered OCD include stereo¬ 
typic, ritualistic circling, spinning, pacing, howling, flank 
sucking, and fly biting; selected mge*tive behaviors; and 
self-mutilation or grooming behaviors, including acral lick 
granuloma (Shanley and Overall* 1992; Overall 1994a* 
1997). in humans, the disorders may reflect aberrant seroto¬ 
nin lik e holism Treatment, therefore, ha^ focused on sero¬ 


tonergic metabolism. A similar approach seems to work 

with dogs with OCD. A scries of cases of obsessive- 
compulsive hehaviors m dogs provides evidence of the 
potential efficacy of clomipramine but not amitriptyline 

(Overall* 1994a, 1997). Other reports support the use of 
clomipramine for treatment of OCD (Thornion, 1995; 
Goldberger and Rapopon, 1991)* One single-blind cross¬ 
over study of lick granuloma found clomipramine but not. 
desipramine to reduce licking by 50% in hall of patients 
studied (tkddberger and Rapnport, 1991). Another cluneal 
report noted the efficacy of clomipramine, hut not diaze¬ 
pam, naloxone, or phenoborbital* m a single clog affected 

with self-trauma (Thornton. 1995). 

Fluoxetine has proved useful in several studies For treat¬ 
ment of OCD oi self-mutilation, including acral lick granu 

loma (Melmon, 1995; Rapopon et al, 1992) anil rail muti 

lation (Melman* 1995). 

The phenoihiazine derivative thioridazine was reported 

useful in one case of aberrant motor behavior (Jones, 

1987) . 

Narcotic antagonists also have been reported to be effec¬ 
tive for stereotypic behaviors in dogs manifested as self- 
mutilation acral lick dermatitis. Release of endogenous 
opioids may serve as i “reward" system following mutila¬ 
tion Breaking the reward cycle with antagonists may re¬ 
solve the behavior < Shan ley ami Overall. 1992; Dodman 
and Shuster* 1994), Both naltrexone and nalmcfenc, pure 
opioid antagonists, were found to be useful In one study, 
self-mutilation activity significantly decreased in 7 of 11 

dogs and was partially effective in 3 more (Dodman et al. t 

1988) . Based on accompanying pharmacok netic studies, 
concentrations of 20 to 50 ng/mL of nalmefcne were con¬ 
sidered therapeutic. The short half-life of die drug 12 to 3 

hours in dogs) may necessitate frequent dosing. 

Multiple-Animal Households 

Abnormal behaviors that may accompany the addition ol a 
new pet to the household that already has one or more 
pecs (generally dogs) include excessive barking, territorial 

defense, predatory aggression (exhibited in dogs allowed to 

roam unsupervised I. or imraspecies aggression (aggression 

toward other dogs either within or outside the householdl 
Drugs that modify anxiety oi tearfulness should be consid¬ 
ered as adjuvant therapy Included are the TCAs amitripty¬ 
line (Juarbe-Diaz* 1997a) and clomipramine (fear or anxi¬ 
ety)* the SSRls fluoxetine and paroxetine, the azapirone 

buspirorte (antianxiety), and ptogeslins. Of these drugs, 

fluoxetine and clomipramine may be most preferred, Ami¬ 
triptyline and buspirone in panicular have been cited for a 
potential increase in aggressive tendencies (luarbe-Diaz, 

1997a) with interdog aggression. Care should be taken to 
adhere to previously staled concerns regarding progestin 
Therapy. 

Excessive Barking 

Occasionally* excessive barking reflects an OCD. Most 
cases arc conducive to behavioral modi heat ion* Surgical 
treatment (vocal condectomy) is a less, desirable, yet alter¬ 
native treatment. The use of be ha v i ot*ivhhJ i lying drugs 

-.hould be reserved for case* in which fear, separation 
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urnitfij. or utter compulsive component cm be identified m 
association with the behavior (Jumbo-Diaz* 1997b). Drags 
should be udn i n islcrcd short term* 2 10 4 month*, and in 
conjunction with behavior modi heal ion* Once the desirable 
he ha v kit is achieved and maintained for 4 to 6 weeks, 
medication can he tapered gradually until it is discontinued 
Occasional cases may require life-tong medication in con- 
j unci ton with behavioral modification. Drugs recommended 
by animal behaviorbis include clomipramine* amitriptyline, 
buspirone, and 0 woxetine IJ unite-Diaz, 1997b). Thiorida¬ 
zine was reported useful in one case of excessive barking 
accompanied by tail biting (lone*. !W7). 

Destructlv e Behavior 

Destructive behavior can be dangerous to the animal (due 
to ingestion of foreign or toxic material) and economically 
undesirable to the pet owner Causes of the behavior may 
vary- with age. The underlying cause of the behavior may 
reflect exploration and .play, attention-seeking, or ex pres 
si on of territory, fear, or separation anxiety* Cognitive dys- 
function in geriatric animals also may he manifested as 

destructive behavior (LindeIT 1997), Although behavioral 

modification is an important component of therapy, drug 

therapy may be urgent for animals in whom the beha^ior 

i 4 - potentially harmful and for animals whose owners are 
intolerant of ermtinued manifestation of the behavior. 

Tranquilizers such as the phenothiazine derivatives lace- 
promazine) may appear appropriate for destructive behav¬ 
ior and occasionally might prove useful. Sedative effects 
may however, cause the animal to sleep rather than interact 
with family members l Linde If 1997), Likewise, use of 
anxiolytics (e g., clorazepale, diazepam) can cause seda¬ 
tion* Although rapid acting, the anxiolytics need to he 
administered frequently in addition, they may interfere 

with the learning ability of the animal undergoing behavior 
modification iLindelL 1997) Buspirone ha-' proved poorly 

efficacious in many cases* In addition, it is characterized 
by a slow onset of action and is costly. Its safety may. 
however, warrant its use in some eases (Lindell* 1997)* 
For animals whose destructive behavior reflects separation 

anxiety, a TCA (amitriptyline, clomipramine) or SSR1 

(fluoxetine) is indicated As with buspimne* a long onset of 
act row lime and relatively high rosi should tv amid paled 

Anxieties, Noise Phobias 

A common complaint of pet owners is that doe- exhibit 
disruptive behavior when left alone (Voith and Borctelt* 

1985a). Behaviors include urination, defecation, barking* 
howling, chewing, and digging. Separation anxiety appears 

to respond well 10 fluoxetine; one open ttudy reported 
JOfWF response rate (Melman. 19951. Benzodiazepines also 
n li ) be c f fc aivc ft if irciiu: ten t of anxi ct>. Exam p le«in c ] ude 
chlurdiazcpoxidc or diazepam (Beaver, 1992 1 . An advan¬ 
tage of the 1 niter group is rapid response. 

Fear behaviors in dogs are also common (Voith and 
Borctelt* 1985b), Fear ri commonly manifested toward 
loud noises such m thunderstorms and firecrackers, sudden 
movements* unfamiliar people, or novel environment* Be¬ 
fore the advent of specific anxiolytic of antidepressant 

medications, tranquilizers such as phenothiazines or anti 


oonvukantt such as phenobarbital were recommended for 
pharmacologic manage me nl of fear behaviors in dogs 
(Voith and Borctelt. 1985b). The efficacy of phenothiazine 
tranquilizer*. however, reflects reduction of general respon¬ 
siveness and is only likely for episodic anxieties (Simpson 
and Simpson. 1996), Benzodiazepines I including diazepam, 

cl ora re pate, and other derivatives) have stood the test of 

time for treatment of noise phobia* (Voith and Borehdt, 
1985b: Dtximan md Shuster. 1994). They have been used 
to treat thunderstorm or other noise phobias* They must, 
however, be adminisicFed before the inciting event* For 
thunderstorm phobias, oral administration should occur at 

or before the first atmospheric sign s Overall. 1997). such 
as changes in atmospheric pressure or ambient l ight condi¬ 
tions, Clom/epate (sustained-release form) may be pre¬ 
ferred to diazepam m order to avoid frequent administra¬ 
tion* Alprazolam* characterized by a longer half-life* may 
also prove more beneficial (Overall. 1997)* Dodman and 
Shuster (1994) reported that phobias can he patlialively 
treated, bat mrt eradicated, with buspirone. Onset of action 
may, however, take up to 4 weeks. 

Sexual Behaviors 

Abnormal sexual behaviors are unusual. Both too “much"' 
and too "little“ behavior will benefit from a full reproduc¬ 
tive workup* including serum sex steroidal tiormcMic mea¬ 
surements. Behaviors that reflect "too much’* generally are 
those targeted for behavioral modification* which might 
include drug therapy, .Sexual behaviors that might be con¬ 
sidered abnormal in uncastrated male dogs include house 
soiling and possessive or dominance aggression. Care must 

be taken to distinguish soiling from marking. Castration is 

the: preferred treatment. Abnormal behaviors ol castrated 

dogs include mounting, which may be accompanied by 

aggression, destructiveness* house soiling* and barking 
(Houpt, I997a,b) Previous discussions regarding these be¬ 
haviors apply when the behavior is a manifestation of 
sexual behavior, 

Psychogenic Dermatoses 

Psychogenic dermatoses generally consist of both a derma¬ 
tologic and behavioral component. Discriminating between 

the two components is difficult but vital to successful 
therapy. Some psychogenic dermatosis will respond only 
to behavioral management, otters only to dermatologic 

management, and some will require both behavioral and 
dcnmaiotogic therapy (Shantey and Overall* 1992), Dernrsa- 
loses requiring medical management are discussed more in 
depth else where i see Chapter 33), 

Clinical manifestations of psychogenic dermatoses in¬ 
clude pruritus* acral lick dermatitis and OGD disorders 
(e g*, trichotillomania)* and sdf-inutilatuMi manifestations 
(sec previous discussion of OCD). Causes of psychogenic 
dermatoses are complex and may include boredom, endog¬ 
enous opioid release (previously discussed), attention seek--' 

ing, and, less commonly, separation anxiety (Shanley and 
Overall* 1992), 

A number of drugs have been recommended for treat¬ 
ment of psychogenic dermatoses (Stanley and Overall, 
1992), These include antihistamines such m hydroxyzine 
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sion m css Bcmrotha/cpincs have been used with variable 
rc^ulis. Chlordiiuepoijde or dia/epam bus been recom¬ 
mended for frustration or social anxiety in cals fBeaver 
1992; Marder, 1991; Void-., 1992). Diazepam may, ho*' 

ever, increase predatory behavior in cals iSimpson and 
Simpson, |49M. 

Psyebojenk Dermatoses 

Feline psycliugenic alopct La presents as a uaamatieally 
induced regional alopecia. Underlying dermatologic causes 

include flea allergy; food allergy, and allergic inhalant der¬ 
matitis. Meurodermatitis also includes evidence of more 
damage excoriations, crusting> and is more common in 

high strung cats \ueb as Siamese, Bunnese, and Abyss m 
lan. The lesions reflect overzealous grooming. Recom¬ 
mended treatment* include TCAs (clomipramine and ami- 

triplyliite) or antihistamines (Shank) and Overall 19921 

Fluoxetine was successful in a report of .a single cat {Hart- 

mao, 1995). 

Sexual Behaviors 

Abnormal sexual behaviors in cats that may require man¬ 
agement generally occur in toms .and include untie spraying 
and mounting. Spraying by unca&traied cats is more appro¬ 
priately treated by envirunrtkmiuJ management or according 
to previous discussions regarding inappropriore elimina¬ 
tion; mounting that has not responded to behavioral modi 

hcation techniques may respond to amitriptyline or another 

Tt’A iHoupt. 1997a.bl 
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Skeletal muscle relaxant* used in small animat practice 

include agents in three categories neuromuscular blocking 
agents, centrally acting skeletal muscle relax ants, and pe¬ 
ripherally acting skeletal muscle relaxant*. Because ihcii 

pharmacology and clinical indications differ each category 
is presented separately 



A n atomy and Physio logy of Urn 

Neuromuscular Junction 


The anatomic components ol the skeletal neuromuscular 
junction include the somatic motor nerve terminal, synaptic 
cleft, and postsynaptic membrane of the muscle fiber, or 
motor end plate The cell bodies of the somatic motor neu¬ 
rons are located within the spinal cord. The axon divides 
into multiple branches, each of which innervates a single 
muscle fiber in mammalian species. In birds, an individual 

muscle fiber is innervated by multiple axonal branches. 
This difference becomes important when considering the 
pharmacologic actions of certain neuromuscular blocking 
agents. At each neuromuscular junction the terminal por¬ 
tion of the axon lose*, its myelin sheath and forms an 

arhonzalkm dial lies in close proximity to the specialized 

surface of the pnsisynaplic muscle membrane t Fig. 26-1), 

The nicotinic cholinergic receptors Located at the pustsyn- 

aptie membrane of the muscle fiber are the sites of action 
for neuromuscular blocking drop., 

Acetylcholine < ACh} is the endogenous neurotran^miiier 

at the neuromuscular junction Acetylcholine synthesis in¬ 
volves the acetylation of choline by the enzyme choline 
acety [transferase* utilizing acetyl coenzyme A as the source 
of acetyl groups. Acetylcholine is then packaged at high 

concentrations into synaptic vesicles \:n carrier-modiated 
transport. When a motor nerve is stimulated and the action 


potential subsequently generated reaches the nerve termi¬ 
nal, ACh is rapidly released into the synaptic cleft via 
calcium-mediated cxixylosi*: one prcsynaptic nerve im¬ 
pulse releases 100 to 500 vesicles or approximately 3 
million ACh molecules. Acetylcholine then diffuses across 
the synaptic cleft and, upon binding w ith a nicotinic cholin¬ 
ergic receptor, stimulates opening ol an km channel located 

on the muscle fiber membrane, allowing sodium ions to 

move into the muscle and potassium ions to move out 
After a minimum number «f ion channels open and allow 
sufficient current through them, the resting membrane po¬ 
tential is shifted toward threshold, generating an action 

potential that triggers muscle contraction. Unbound ACh 

within the synaptic cleft is rapidly hydrolyzed h> the en¬ 
zyme acelylcho inesterase to choline and acetate. The cho¬ 
line is taken up by the nerve terminal and recycled for 
continued synthesis of ACh (this is the rate-limiting step 

in ACh synthesis). 



Neuromuscular blocking agents exert their effects by In¬ 
terfering with the postsynaptk action of ACh .and can be 
divided into two classes; nondepolarizing neuromuscular 
blocking drugs and depolarizing neuromuscular blocking 

drugs. Nondepolarizing neuromuscular blocking drugs 
elicit their pharmacologic effect by preventing ACh from 
binding to ils receptors on the motor endplate (i c\ T act m 

competitive antagonists). Consequently, the ion channels 
will not open* no shift in the resting membrane potential 

will occur, the motor endplaie will not depolarize, and the 
muscle will become flaccid. Complete neuromuscular block 
require* approximately *K>' 5 to 95 ft receptor occupancy 
{Hunter. 1995). 

Depolarizing neuromuscular blocking agents elicit their 
pharmacologic effect by binding to the ACh receptor in 
the same way that ACh does* causing an initial muscle 

fcivc iculation. Because these drugs are not immediately 

metabolized by acetylcholinesterase, however, they bind 
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New Yc«t. Chuaiiill Uvwgsi one, l«5,) 


for a much longer period than ACh does, causing a persis¬ 
tent depolarization of the muscle liber endpbte. In main- 
mats, the result of this maintained depolarization is ■ loss 
of electrical excitability by ihe pos l synaptic muscle fiber, 

and subsequently a neuromuscular block occurs. Iti birds, 

because each muscle fiber is innervated by multiple axonal 

branches, a sustained, extensor spasm occurs For this 
reason, the use of depolarizing neuromuscular blocking 
drugs ieven topically on the eyei is contraindicated in birds. 


Individual Agents 


Nclui' mustular Mucking agents are given to anesthetized 
patients for several reasons. Because of their muscle re¬ 
laxing effects, they axe used during certain surgical proce¬ 
dures. Onhopcdic procedures such as dislocation and frac¬ 
ture reductions cun be performed more easily due to 
abolished skeletal muscle tone (Hall and Clarke, 1983k 


When a balanced anesthesia technique is used that com¬ 
bines opioids, nitrous oxide, and low-dose inhalant agents, 
muscle relaxation is greatly improved if a neuromuscular 

Mocking agent is given, This technique is especially bene¬ 
ficial for critically ill patients in which high doses of 
inhalant agents may lead to unwanted cardiovascular de¬ 
pression (Ilkiw. 1992). During intraocular procedures or 
for patients with penetrating eye injuries requiring suigery, 
neuromuscular blocking agents can be beneficial by caus¬ 
ing a central pupil, still eye, and soft globe. When used 
during induction and intubation, they can help prevent 
increases in intraocular pressure that can occur during 
coughing or vomiting (Ilkiw. 1992k When neuromuscular 


blocking agents arc used, ventilation must he controlled 
and an adequate level of unconsciousness and analgesia 
must be present because this class of drugs can produce 

apnea and possesses no analgesic properties. Dikes for 
depolarizing and nondepolarizing neuromuscular blocking 
agents for dt>gs and cats are listed in Table 26-1. 

Ik‘[Hil;irijrin|> Agents: SucdnykhnlJlW 

Sucdnykhohrw is the only depolarizing neuromuscular 
blocking agent in clinical use today, Succinylcholine has a 
rapid onset of action, and its short duration of action is 

primarily due to rapid hydrolysis by plasma cholinesterase 
(Benson and Thurman, 1980). For these reasons, succinyl- 
choline is used routinely in hitman patients during uratbe- 


fable 26-1, Doses of Neuromuscular Blocking Agents for Dogs 
and Cats 
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Mu induction lo facilitate endotracheal intubation. Its use 
in small animal patient* lias been limited because the 

iaryn.v of the dog and cal is easily visualized and docs ntn 
routinely exhibit excessive laryngospasm, making parah sh 
unnecessary for intubation (Huhbell. 1992). 

Because of succinylcholine’s short duration of action, 
frequent redosing or a constant infusion is needed for long¬ 
term paralysis. This may lead to tachyphylaxis unerased 
dose requirement) and change the character of the initial 

block ( phase I block ) to one similar to that with nondepo¬ 
larizing agents (phase tl block), which may prolong recov¬ 
ery (Lme and require the use of a reversal agent (anticholiiv 

esterase therapy) tSilverman and Dcntfi. 199-ix 

Succinylcholine has significant side effects., A transient 
increase in scrum potassium concentration occurs due to 
leakage of potassium from the interior of ceils. Severe, Life- 

Lhrcaiemng hyperkalemia can occur after succinylcholine 
administration in patients with severe bums, trauma, nerve 
damage, neuromuscular disease, dosed head injury, intra- 
abdominal infections, and renal failure (Miller and Savar- 
ese, 1986). SoccinylchoLme should also be avoided in pa¬ 
tients in which increases in intraocular intracranial,, and 
intragastric pressures are undesirable Other side effects 
include myalgia and cardiac arrhythmias le.g. sinus brady¬ 
cardia, catechofamme-induced ventricular arrhythmias! 
(Miller and Savmestf, |9Hb). 

An\ agent that inhibits plasma cholinesterase (orgami- 

pho^phales, procaine) will prolong the duration ol action 
of succinylchoLinc. Certain disease stales such as liver 
disease, malnutrition, and chronic anemia can decrease the 
plasma cholinesterase level, SuccinyIchtiIinc must be used 
cautiously, it at all, m these patients (Benson and Thur- 
mon, 19K(I), 

Several pharmaceutical companies have focused re- 
re af eh and development on alternate nondepolarizing 

agents with a rapid mm of action and minimal side 

effects. To dale, two agents are clinically available: roeum 
nium and mivacurium. Both are discussed in detail later in 
this chapter, 

NoniJ(polarizing Agents 

Atracurium Bcsylite Alrucuriuin is an inlcnncdute- 

acting nondepolarizing agent with an onset of action of 3 
to 5- minutes and a duration of action of 20 to 35 minutes 
(Plumb, 1991). It *s metabolized primarily through Hof¬ 
mann elimination and ester hydrolysis (fisher ct al.. 1986). 
bur this reason atraeurium is the muscle relaxant of choice 

for patients with hepatic or renal disease. The rate of 

spontaneous degradation via Hofmann elimination is pH 
and icmpcruturc dependent Both acidemia and bypother 

mist prolong atracuri urn-induced neuromuscular blockade. 

Administration of atracurium can cause histamine release 
at higher doses, resulting in hypotension and tachycardia. 
Atracurium should br avoided in patients in which t ardio 
vucular stability is desired. 

Slow administration of large ckwres will attenuate ihe.se 
effects lScott et al. 1985). Repeated doses or an infusion 
of atracurium produces a con si stem degree of block and 

duration of aclion due to its noncumulative effects* making 

ii an attractive choice for a constant rate infusion for long¬ 
term paralysis (Hildebrand, 1992; Miller et al. 1984) A 


metabolite of atracurium, laudanosinc can cause central 

nero«s system (CNg) mMm iffltl CaTlliOYil.'OliU llC' 

press ion, but this problem is rarely seen after use of clinical 


dusev (MiUcr ct al , 1984). 


Vecuronium Bromide Vecuronium is an imermcdiaie- 
actmg nondepolarizing agent with an onset of action ol 4 
to 5 minutes and a duration of aclion of 20 to 30 minutes 
(Plumb. 1991). It has the advantage ol a lack of cardiovas¬ 
cular in hi slam in e~ re leasing effects, even at higher doses 
(Miller et al., 1984). Vecuronium is the muscle relaxant of 
choice when hemodynamic stability is needed. Recovery 

from vecuronium- induced muscle relax al ion depends cal 

hepatic diminution. Animals with hepatic disease may ex¬ 
hibit a prolonged duration ol action Vecuronium is not*- 
nin'iiiktli vv and is well suited for repealed doses or constant 
rate infusions (Miller et al , 1984). 


Pancuronium Bromide Pancuronium h a long-acting 

ncmdeptjlmmng agent will an onset of action of 2 10 3 

minutes aw) a duration of action of 40 to 45 minutes 

(Plumb, 1991). It lacks histamine*releasing effects but docs 
possess vagolytic and sympathomimetic effects ihat can 

result in tachycardia, increased arterial blood pressure, and 
eatcchulaminc-induced ventricular arrhythmias (Slothing, 

1972). Pancuronium is mainly eliminated by the kidney, 

with the remainder undergoing hepatic metabolism (Sil¬ 
verman and Mirukhur. 1.994.), and should therefore he used 
with caution in patients with renal or hepatic disease. 

Pancuronium is cumulative in repealed doves or infusions, 

which can produce a delayed recovery (Hildebrand, IWr 


Mtvunirium Chloride Mivacurium was recently de- 
veloped as an alternative to succinylcholine for intubation 
in human patients. Its unset of action is l to 2 minutes. 

with a duration of action ol 15 to 20 minutes iMLrakhur. 


1992V Because its metabolism is via plasma cbolinesieruse t 

prolonged recoveries are possihle in patients with hepatic 

disease, renal disease, or orgiutophosphate toxicity (Basta. 


1992). Mivacurium can cause histamine release, is non 
cumulative, and van be used for infusion administration 


(Mirakhur, 1992V In human patients, the unset and depth 
ol blockade have a high inlerpatienl variability. Limited 
dau are available regarding its use in small animal patients. 

Preliminary work in dogs suggests thai the dose should be 
rcdu ced be I ow that g iven to human pai rents < Lu k a s jk, 
I996J. 


Rocuroulum Bromide Like mivacurium, rocumniuin 

was tlevelopcd as a povvihle alternative to mia inykhnliiw 

for intubation in human paitenis due to its rapid onset or 

action. In hiilnthanc anesthetized dogs, nocuronium had on 
onset and duration of action of LI ± 0.49 and 13.7 ± 
0,49 minutes, respectively (Cason ct aL. I99(T. Rwuro- 
nium lacks sigrutkuni cardiovascular aw! bisiuminc-reka*- 
ing effects. Ii is metabolized primarily b\ the livci |Mira¬ 
khur, 1992), Its role in small animal anesthesia is unknown, 
but it may be helpful when a rapid onset of action without 

Significant hemodynamic effects is desired. 

Dvwcurittm Chloride Doxacurium is the most potent 

nondepolarizing agent available at this time fMirakhitr, 
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1992.1. [1 js a lung-acting mu.^lc relaxum with a slow onsei 

of action and. a kwig duration of action in human patient*,. 

Doxocurium has minimal cardiovascular or histamine-re 
leasing effects (Faulds and Cirsoid, 1991 J. Metabolism .ns 

via renal elimination; therefore, a prolonged or more vari¬ 
able duration of action occurs in patients with renal disease 
(Cook ct aL 1991), Doxacurium is not used currently in 

veterinary medicine Due Lo its long duration of action, 
doxacunum may not be suitable for routine clinical use in 
small animal patients, but it may be an attractive choice 

for researchers when long-term relaxation with minimal 

hemodynamic effects is desired. 

Drag Interact tons 

Mam medications that are given to veterinary patients 

during the perioperative period can alter the pharmacody¬ 
namics and pharmacokinetics of nondepolarizing agents, 
leading lo an increased or decreased effect. Table 26-2 

lists various medications and their effects on the muscle re 

laxant. 

Momtonng Neumnuscufor Blockade 

Whenever a muscle relaxant is administered, the neuromus- 
ajJiir [unction should be monitored to allow the proper 
dose of relaxant and antagonist to be determined accurately. 


Tall# 26-2 Effect of Medication on Nondepolarizing 

N^jromuvoular Blocked# 
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Also, the degree of residual blockade during the recovery 
period, if any, can 'be detected and treated appropriately. 
Evoked responses are used to evaluate neuromuscular 

blockade. This involves stimulating a peripheral nerve to 

evaluate the resultant motor response, Several hand-held 
peripheral nerve stimulators are available (Pig, 26-2), 

Sites of Stimulation 

Sues fee stimulation of peripheral motor nerves in dogs 
and cals include the peroneal and ulnar nerves, The most 
accessible is used (Fig. 26-3). 

Electrical Stimulus Characteristics 

There are standard methods of stimulating peripheral motor 
nerves because the physical characteristic* of electrical 

stimuli influence the motor response (hey evoke. The out* 
pul from the peripheral nerve stimulator should be a square 

wave stimulus having a duration of 0,2 to 0,3 ms Ideally, 

the output current is adjustable and Should be sufficient to 

produce a supramaximal impulse 

After the two electrodes are placed over the nerve to he 
stimulated, the stimulus is adjusted to deliver a supramaxi¬ 
mal current, slightly greater than that required so elicit a 

maximum motor response. This ensures that all neurons in 
the bundle are depolarized, which will cause die- muscle 

fibers to contract in an all-or-none fashion. Any subsequent 
changes in the motor response are from effects at the 
neuromuscular junction, 

Patterns of Stimulation 

Peripheral nerve stimulator* shoukl provide single twitch, 
tetanus of 50 Hz, and train-of-four stimulus patterns. Newer 

stimulators may also have the capability to deliver it dou¬ 
ble-burst pattern (Fig. 26-dh 

Single Twitch The single twitch method is used to 
evaluate the degree of relaxation by dividing the elicited 

response by the control reqvnist*. The control response is 

measured before the administration of the relaxant. The 
frequency should not be more than 0,15 Hz (one twitch/ 

7-10 This is due to the prejunctional effects of the 
relaxant, which greatly decrease the amounl of AOl release 
(Ali and Savareur* 19801. The resultant motor response 
will! be less than the baseline value, making accurate deter¬ 
mination of the degree of relaxant difficult. The disadvan¬ 
tages of the ■'ingle twitch method are that it is necessary to 

have a baseline response before administration of the mus¬ 
cle relaxant and (hat the method is insensitive for the 
detection of residual blockade (Ali and Miller. 1986). 

Train-of-Four The train-of-four method consists of 
four supramaximal impulses delivered at a frequency of 2 
Hz (two twitches/s). The degree of blockade is evaluated 
by comparison of the ratio of the fourth twitch to the ftsrst 
twitch (TJ7i ratio). The train-of-four serves as its own 
control: therefore, knowledge of the baseline value before 
muscle relax am administration is not necessary. Bsc train- 
of-four stimulus can he delivered intermittently or at regu¬ 
lar intervals 10 tu 20 seconds opart. 
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ally rapid and spontaneous dye to rapid hydrolysis by 
plasma cholinesterases Delayed recovery occurs in patients 

with decreased plasma cholinesterase levels. 

Residual neuromuscular blockade from nondepolarizing 

ugeiUs and phase 11 bltxk from succiny choline are reversed 

at the conclusion of surgery to prevent potentially serious 
complications In the recovery period. These include muscle 

weakness and inadequate ventilation, which can lead to 

Life-threatening hypoxia or respiratory acidosis. 

Before reversal of blockade, it A desirable to have three 
to four twitches of the train-of-four visible Thi* ft achieved 
by close monitoring of neuromuscular function throughout 
surgery and avoiding redosing the patient dose to the time 
of anticipated reversal. 

The anticholinesterase drugs used clinically include neo¬ 
stigmine* pyridostigmine, and edrophonium. Doses are 
listed in Table 20=3, The; reverse neuromuscular blockade 

by inhibiting the enzyme acetylcholinesterase, which is 
responsible for lhe hydrolysis of A( h The effect is an 
ac . armdaikm tvf ACh at rnuxearime ami nicotinic receptor 
sites. Because nondepolarizing agents and ACh compete 
For the same receptor binding sites* anything that increases 
the concentration of ACh tips the balance of competition 

in favi t of ACh and restore* neuromuscular transmission. 
Reversal of neuromuscular blockade requires only lhe nico¬ 
tinic cholinergic effects of anil cholinesterase drugs; there- 
forc, lhe muscarinic effects are attenuated m prevented b\ 
concurrent administration ol an anticholinergic agent such 
as atropine or glycopyreolalc. 

Monitoring of tveuromuscul^r function and support of 
ventilation must he continued until complete reversal has 
beer accomplished. A light plane of anesthesia must he 
maintained while the degree of block is monitored with a 
peripheral nerve stimulator because this ^.,n cause the pa¬ 
tient some discomfort, especially if tetanic stimulation is 
used. A T_/T, ratio of 0.7 or greater correlates well with 
clinical recovery. Once reversal is complete and the use of 
the nerve stimulator is discontinued, the animal is allowed 
to recover from anesthesia. Although recurarination is un 
common after reversal, spontaneous respiratory efforts suf- 
tiL~ren[ to maintain adequate ventilation should he prevent 

ami monitored closely during the recovery period. 


CENTRALLY ACTING SKELETAL MUSCLE 



Although skeletal muscle spasticity can be relaxed by neu¬ 
romuscular blocking drugs, these drugs arc loo nonsclcclivc 


lo be clinically useful for this purpose, A number of other 
agents are available that reduce muscle tone without com 

pletdy inhibiting voluntary contraction of skeletal muscle. 
Side effects produced by these agents are primarily limited 
to CNS depression* commonly manifested as drowsiness 



The pathophysiology of skeletal muscle spasticity is not 
completely understood, but it appears to involve dysfunc¬ 
tion of descending spinal pathways that exert control over 

motor neurimv, Hypcrexc liability of tunic stretch re Ilexes, 

painful flexor spasms* and muscle weakness may all be 

characteristics of this type of disorder. Diseases involving 


increased muscle tone associated wiih defective neuronal 

control of muscle activity have been described in Scottish 

terriers (Scott; cramps>, Dalmatians, and Labrador retries 
ers, Clinical signs frequently occur after exercise and may 

improve with administration of centrally acting muscle 
rclasanK Intervertebral disc cljsea.se in dogs may cau-sc 
painful spasms uf neck and shoulder (cervical disci or 
back (thoracolumbar disc) muscles. In selected situations* 

skeletal muscle relaxant* may be employed as pan of a 

conservative management protocol for intervertebral disc 
disease. 



Centrally acting skeletal muscle rdaxams have the effect of 
reducing muscle tone without abolishing voluntary motor 
control The exact mechanism by which these drugs work 
is nor completely understood but is thought to involve 
disruption ot nerve impulse transmission d the miemunciaJ 
neuron level of the spinal cord, brain stem, and subcortical 
areas of the brain These drugs have little effect on the 
diaphragm and respiratory muscles at thcrajicuUc dusc.s. 


fndfVfduai Agents 

Centrally acting skeletal muscle relaxants used in small 
animal veterinary medicine include guaifenesin, methocar¬ 
bamol (which is structurally related to guaifenesin), and 

the benzodiazepines (diazepam in particular}. As stated 

earlier, the must frequently encountered side effect of these 

agents is CNS depression* which is manifested as sedation 

and lethargy. Other possible side effects include ataxia and 
muscle weakness. Diazepam may produce hepatic toxicity 
in eats after prolonged administration hU mi nation uf each 
of the.se drugs depends on hepatic metabolism. Because 
these drugs are CNS depressants, additive depression may 

Occur when given with other CNS depressant agents. Me¬ 
tabolism of diazepam may be decreased and excessive 
sedation may occur if administered with cimctidinc* eryth¬ 
romycin, ketocona/ole. or propranolol Antidtolincsier im* 
agents given concurrently with either guaifenesin of metho¬ 
carbamol may result in severe muscle weakness. 

The clinical indications for centrally acting skeletal mib 
cle relaxants may he specific for the individual agent. 
For example, guaifenesin is used in veterinary medicine 
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primarily to induce muscle re lux jit um a* an adjunct to 
anesthesia &i a doce of 33 10 88 mg/kg intravenously (IV) 

(doge I, Although guaifenesin has been recommended for 

the treatment of toxkocci leg,, strychnine) and tetanus, 
diazepam and methocarbamol «rc mute cumrtKmly um?h 1 fur 

this purpose. 

Methocarbamol i s labeled For adjunctive therapy of 
acute inflammatory and traumatic conditions of the skeletal 
muscle ami to reduce muscular spasms in dogs and cuts at 
a dose of 44 mg/kg JV or 61 to 132 mg/kg orally initially 
divided every 8 to 12 hours (dugs and cats). For muscle 
relaxation for intervertebral disc disease t« dogs, methocar¬ 
bamol is used at a dose of 15 to 20 mg/kg three limes a day 

as pan of a conservative management treatment program. 

Additional components of a conservative management pro 
gram fur intervertebral disc disease include strict cage 
conlinemenu attentive nursing Lire, and cautious use- ut 
anti inflammatory drugs (Toombs, 1992, Jeffrey, 1995). 
The reader is encouraged to consult the aforementioned 

references for further information on, Conservative manage • 

ment of intervertebral dt^c disease, To control muscle 
spasms associated with tetanus or strychnine toxicosis in 
dogs or cals, methocarbamol used at t j tkwe of 50 to 200 
mg/kg [V as needed. 

The clinical indications fot diazepam are diverse and 

include seizure control, appetite stimulation tranquilira¬ 
tion, and skeletal muscle relaxation. Only its use as a 
skeletal muscle relaxant is discussed here, As a component 
of a conservative management treatment program for disc 
disease in dogs, diazepam is used at a dose of I.J mg/kg 

two Times daily (maximum of 20 mg/day). For treatment 
of muscle spasms associated with tmnus or strychnine 
toxicosis, diazepam may be administered at a dose of 2.5 
tu 5 mg IV total teals > or 5 to IU mg IV total tdogs). as 

needed Diazepam may be effective in reducing skeletal 
muscle spasticity in dogs with episodic muscle cramping 

such us Scotty cramps or in certain myopathic syndromes 

(dose ranges from 0.5 to 2 mg/kg IV nr PO three times 
a day), 

Diazepam is also used so treat intraurelhraJ obstruct km 
secondary to acquired lower unitary tract disease in male 
cats, It is believed that muscle spasms of the urethra, along 

with inflammation of the urethral tissue. make removal of 

the obstructing plug more difficult. Additionally, these fat’ 
tors may create a afunctional" obstruction of the urinary 
tract even after the obstructing plug has been removed. 
Diazepam has been recommended for treatment of external 
urethral sphincter hyperionus at a dose of 2 to 10 mg (total) 

every H hours. Because the urethral musculature contains a 
predominance of smooth muscle, skeletal muscle relax ants 
(which only affect the external urethral sphincter) may 
need to be combined with smooth muscle reloxants such 
as prazosin 

rhere are a number of agents used for therapy of skele¬ 
tal muscle spasms in human patients. Little is known about 

their use in veterinary medicine. These agents include cans 
uprodol (Soma>, meiaxak>ne f S kd.ix i n "1, eyclobenzaprine 
(Flexerilk and baclofen (Liorcsal). 

PERIPHERALLY ACTING SKELETAL MUSCLE 
RELAXANTS 

Damrulenc is the only dinicolly useful peripherally acting 

skeletal muscle relaxant drug in veterinary medicine. The 


pharmacologic effects of dantrolene are due to 'its ability to 
interfere with the release of calcium from the sarcDpJaxmtc 
reticulum: however, si dues not appear to affect cardiac 
muscle or ihc muscles of the respiratory system at usual 

therapeutic dosev 

Dantrolene has moderate to poor oral hioa vai LabiJ i ty and 

is highly bound to albumin. Dantrolene undergoes hepalk 

metabolism with metabolites excreted in the urine. Adverse 
effects include hepatotoxicity (most significant; should be 
monitored for), sedation, muscle weakness, and gastrointes¬ 
tinal effects). 

Clinical indications include functional urethral obstme- 
tion due to increased external urethral tone and treatment 
of malignant hyperthermia. For treatment of functional 
urethral obstruction, dantrolene b administered at a dose 

of 1 to 5 mg/kg PO every 8 hours (dogs) or 0,5 to 2 mg/ 

kg every 8 hours (cals), Dantrolene hits been shown kt 
decrease iniraurethral pressure in the posiprostMtc/penile 

urethral segment but has no effect on i ntraurcthnd pressures 
in the prostatic « preprostafic urethra! segment (Strader- 
Knowlen ct al.» 1995). Concurreni use of smooth muscle 

re lax an tv may be of benefit in relieving urethral obstruc¬ 
tion, For treatment of malignant hyperthermia, dantrolene 
is administered al a dose of I mg/kg IV. 
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Appelitc is controlled primarily but not exclusively by the 
ventral and Lateral nuclei of I he hypothalamus (Sugruc. 
1987 >. Several major neurotransmiitcn have been identified 
in the control of appetite (Sugrue, 1987}. Stimulatory medi¬ 
ators include norepinephrine through a-receptors awl do 
parpine (possibly through D ( receptors i whereas serotonin 
(5-hydroxytriptamine 15-HTJ) is inhibitory y-Aminobu* 

tyric acid (GABA) also stimulates appetite, although its 
effect is controversial and may vary with route of adminis¬ 
tration fSugroe, 1987). Several neuropeptides have also 
been implicated in the control of appetite because of their 

ability to modulate neurotransmitter release Opiate ami 
pancreatic polypeptides are associated with increased appe¬ 
tite, Other neuropeptides such as calcitonin, cholecystnki- 
nin. and curticoirophin-releasing factor inhibit appetite 

<S ugiw. 19K71 + 

Studies regarding the pharmacologic control of appetite 
have traditionally focused on decreased food intake in 
humane whereas the need in veterinary medicine tends to 
be increased appetite. The role of cache Aid associated with 
weight loss and anorexia in human cancer patients has 

m 


stimulated a renewed interest in appetite stimulants 
(Spaulding. 1 989y Drags that inhibit gluconeogenesis, such 
as hydrazine sulfate, or promote gastric emptying, such as 
roetoclopramide, have been used successfully to stimulate 
food intake in some patients (Spaulding, 1989), Megeslrol 
acetate has caused appetite stimulation in human parents 
w ith advanced cancer and i- preferred u> anabolic steroids, 
which are associated with more Adverse side effects i Spaukb 
mg, 1989), The siik: effects of megestrol acetate preclude 
its routine use as an appetite stimulant in small animals. 

Ole benzodiazepines diazepam (Valium) and oxazepam, 
a metabolite of diazepam (Scrax), have been used to suc¬ 
cessfully induce appetite fit cat*, probably through GA- 
BAminergic effects and central inhibition of the satiety 
center in the hypothalamus (Macy and Gasper, 1985) (Ta¬ 
ble 27-1), Diazepam i- administered intravenously or 
orally, whereas oxazepam is administered orally. Of the 
two drugs, diazepam may be more effective, although seda¬ 
tion is greater. The benzodiazepines do not stimulate appe 

tile in die dog as effectively g» in the cat, Hcpotototidiy 

associated with diazepam therapy when used as an appetite 
stimulant has been reported in cals (Center ct at., 1996; 
Hughes el a)., 1997). The toxicity appears to he idinsyn- 
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crude and thus may nut be predictable and is nut lilteh lo blood-home mediators (e g., uremia, pyometra, liver dis- 


happcu in a large percentage of animals receiving the drug 


ease, endotoxemia. and those associated with radiation 


Cyproheptadine, an antihistamine with anti serotonin sickness disease) and drugs <e g,, digitalis glycosides. apo- 

prupcrtics. ha.v caused weight gain in genuine human pa- morphine* narcotic analgesic*, and estrogens) is mediated 

tiems and adults and younger patients afflicted with eating by the CRT/ 


disorders Its mechanism probably reflects inhibition of 


Stimulation of the CRT/ is initiated by dopaminergic 


scrotum nergic receptors that control appetite. Serotonin iDh) receptors that respond to agonists such as dopamine 

antagonists also increase food intake m cats (Sugrue. 1987). and apomorphine (Merri lie Id and Chaffee, 1989). Serotonin 

and. clinically, cyproheptadine has been used m stimulate (5-hydroxytryptamme [5-HT J) also appears to he an im- 

the appetite of some anorexic cats. Cyproheptadine kinetics portam mediator of emesis in this area i Kohler and Gold- 

have been reported in the cat, Oral bioavai lability of the spiel, 1991), Histamine via Hi receptors acts as a secondary 


tablet is 100^ , and the eliinination half-life approximates 
13 hours (Morris et al„ 1998 l Cats tolerated a dose of 8 
mg orally with no adverse effects. Based on this study. 


neurotransmitter at ihe CHTTZ. As with dopaminergic recep¬ 
tors. H, receptors may also be competitively and noncom- 
peiitively inhibited by antagonists. Clinical efficacy of 


once to twice daily dosing of 8 mg appears to be safe. drugs active in the CKTZ may reflect selectivity for subrec- 

Both glucocorticoids anil B vitamins have been used to eptor types for each neurotransmliter. At least live dopu- 

nonspecifically stimulate an animal’s appetite. Drags used mine, nine serotonin, and five histamine subreceptors have 

to treat depression and psychosis in human patients arc been identified; which of each subrcoeptor type is affected 


associated with jppeiite increase and weight gain {Bern 


by each drug is not always know n, a^-receptors and 5HT, 


stem, I9&H). They antagonize a variety of receptors, al- associated with the area posirema also induce emesis in 
[hough their clinical potency is often related to increased dogs and other species (Brunltm, 1995b: Hikaxa et af. 


serotonin. 

lienls. 



may, in U 




appetite m some pa- 


E MET ICS AND ANTIEMETICS 


The Vomiting Reflex 


Emesis is a c 


1992) and cats (Hikaxa el al., 1989). 

Impulses originating from the semicircular canals of the 
vestibular apparatus are transmitted by [he eighth cranial 
nerve to the vestibular nuclei, and then via the CRT/ and 
the uvula and nod ulus of the cerebellum, to Ehc emetic 
center, this pathway, mediated by histaminergic (subtype 
H|> receptors, is responsible for eliciting the emesis that 
accompanies motion sickness and labyrinthitis (Pcroutka 



protective reflex that is nut well and Snyder, 1982). 


developed in all species but does occur in carnivores (John¬ 
son. 19K4, 1985; Andrews ct al-, 1988), Drugs that cause 

or ameliorate vomiting generally do so by modifying neu- 


Peripheral impulses causing vomiting that arise from 
stimulation of the pharynx and fauces are transmitted by 
afferent nerves in the ninth crania] nerve to [he emetic 


rotrunsmi tiers responsible for transmission of the signal center. Other peripheral afferent pathways include those 


from various sires. Drug penetrability to each site varies, 

complicating effective emetic and unticmctk therapy, hme¬ 


ans ing from stimulation (i.c., irritation or distension I of 
various visceral organs ami tissues. Impulses may Ive car- 


sis is controlled through the emetic center located m the ned by sympathetic of vagal efferents from the heart, 

lateral reticular formation of the medulla; as such, at this stomach, duodenum, small intestine, liver, gallbladder, peri- 

site, the center is protected by the blood-brain barrier tuneurn, kidneys, ureter, urinary bladder, and uterus. Ace- 


(Fig, 27-1) (Johnson, 1984, 1985; Andrews ct al., 1988 
Me mfie Id and Chaffee, 1989), 


[> [choline is the primary neuroiransiniiter mediaiuig the 

afferent limb of the emesis reflex from peripheral causes. 


Although several afferent pathways may be responsible Muscarinic receptors initiate the impulse that travels lo the 



si 



that 



higher centers such as the cerebral cortex the tenth cranial (vagus) nerve. Acetylcholine also acts as 


for initiating emesis, all signals are coordinated by the emetic center via the vagus nerve 

emetic center. Impulses it> the emetic center in the medulla stimulate the emetic reflex travel back lo the stomach by 

may arise 

and limbic system. Psychogenic vomiting and that arising the primary efferent neurotro nsmitler in the vagus and in 

front visual and olfactory stimuli originate in the cerebral the smooth muscle of the stomach. In the stomach, dopa- 

cortex, whereas bead injuries and increased intracranial 

pressure initiate emesis via limbic pathways. Acetylcholine 
h the primary afferent ncuiotransmiiter that mediates erne - tribute lo 






mine receptors appear lo 

nausea and vomiting. In addition, dopamine receptors con- 



sis from the^e higher centers, atihough histamine acts ns u 
secondary transmitter via H, receptors ( 

Chaffee, ] 989 ). Blood-borne chemical compounds may 


itch and 





that allow relaxation of the 

gastric emptying associated 





upper strum 

with gastric 

, Serotonin (via 



is emerging as an important neurutnms- 
stimulate the c be mo receptor triggering /one (CRTZ), milter in the emetic reflex. It serves in the afferent puih- 
which is located in the area postrema in the lateral walls of ways from the stomach and small intestine (Brunlon, 
the third ventricle (Johnson, 1985: Merri field and Chaffee. 

.This area does not possess a complete blood-brain 
barrier, so ti is more readily accessible than the emetic 
center to substances such as drugs or toxins present in 

circulating blood. The neurons of the CRTZ are also more 

responsive to the presence of blood-borne and cerebrtispi- Clinically, emesis is pharmacologically induced in order to 




mil fluid (CSFhbo™ chemical compounds because Free empty the anterior portion of the digestive trad. Indications 
nerve endings directly contact the CSF Emesis caused by include induction of general anesthesia if there is any 



A Sjslnm ;\ppniuL'h 



Table 27-1 Cowj of Drugs Us»d To Trsat Gftttrointarfinftl Disorders 
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Fijure 27-1. SHes thjir mediate (he 
drkUc reflex. The major neurnbiu- 
miner resf* *cv*»i h It fu* mediating the 
reflex at each site is noted: in italnx 
secondao' iKurotriiriMTii tiers it each 
site jpc in parentheses Stimuli that 
mediate emesis ,il eaeti site are listed 

he Jo* the neunitrans-miltcT (NS = 

central ncnwi* syMeni, CRTZ * 

i hermin.i eprsir triggering nme: CSF 

“ cerebrospinal fluid; LES ■ lower 

csisphigeai sphincter 


► Retrograde antral 
com rachon 
►- Relaxation ol LES 


potenttally toxic doses of die drug. Although ipecac syrup 

or powder has been used as an emetic for many years for 
cats, it has beat known to induce toxic effects, including 
death. 


been reported, although its actions are similar to those of 
xylazinc. 

Anti emetics 


Centrally Acting Kinetics 

Although a number of drugs are capable of stimulating the 

CRTZ centrally, certain opiates, particularly apomc rphine, 

are the most commonly used, Apomorpbane hydrochloride 
is a synthetic derivative of morphine with, only marginal 
depressant activity. Its emetic activity predominates over 

other morphine-Iike actions and reflects stimulation of do¬ 
paminergic receptors in the C RTZ, Apomorphine can be 
administered by almost any route, although oral doses am 

higher in order to compensate for reduced oral bioavaibbil- 
iiy. Emesis generally occurs in 2 to 10 minutes after subcu¬ 
taneous or conjunctival administration. Although upomor¬ 
ph me stimulates vomiting at the CRTZ, it also directly 

depresses the emetic center, and subsequent doses arc even 
less likely to induce emesis if emesis does not occur after 
the first dose. Excessive doses of apomorphine can depress 
the central nervous system (CNS), particularly the respira¬ 
tory center, and are contraindicated in the presence of 
existing central depression. 

Apomorphme was withdrawn from the market in the 
late 1981k but subsequently returned. The commercial 

preparation may he prohibitively expensive The drug 
might he acquired through a re-com pounding phanwacy 
that has membership with Professional Compounding Com¬ 
panies of America (PCCA; 800-331-2498), Xclazine 
iRompuni is an oe : - agonist used most commonly for its 
sedative analgesic properties. Emesis mediated by a* stim¬ 
ulation can, however,, occur m cals when administered 
below doses recommended for sedation (0.05 mg/kgi <Hi- 
k.isa c( al., 19X9), Eancsis in dogs is not as consistent as in 
cals. Tlic use of mcdctomidinc to induce emesis has not 


Antic met ics control emesis by either a central or a periph¬ 
eral action (Fig. 27-2). Both actions depend on and can be 
correlated with blockade of ncu retransmission at receptor 
sites (Pcroulka and Snyder, 1982; Costal I and Naylor, 
1992). Centrally acting antiemetics block impulses at 

higher centers and at the emetic center and include musca¬ 
rinic anticholinergics; antidopammergics, which block do¬ 
paminergic receptors at the CRTZ; and antihislaminergics, 
which block H, receptors at the vestibular apparatus and 
secondarily at the CRTZ and the emetic center An tic me tk 

agents possess either a limited or a broad effect, depending 
on which centers are depressed. 


Centrally Acting Anti emetics 
Vestibular Apparatus 

Vomiting caused by motion sickness or inner ear disease 
is mediated by the vestibular apparatus, Motion sickness in 
dogs and cats can be controlled for several (8 to 12) 
hours by administration of antlhistaminics such as cyclizine 
hydrochloride, meclizine hydrochIonde, or diphenhydra¬ 
mine hydrochloride (Fig, 27-3), Although efficacy depends 
on a direct effect cm neural pathways arising in the vestibu¬ 
lar apparatus, actions may actually be independent of anti- 
histamLnic or sedative potencies. Emesis produced by other 
stimuli is not controlled by these drugs. Drowsiness and 
xerostomia {dry mouth) are typical side effects that occur 
with use of this group of drugs. 

Selected anti muscarinic agents are used to control mo¬ 
tion sickness in dogs. The helladonna alkaloids, especially 
h yoseine I scopolamine) and syndic tic compounds such a.s 
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dicyclomine hydrochloride and isopropamide iodide, are 

effective antiemetics. Their dural ion of action is short (up 

to (S hours I, and xerostomia, drowsiness, and other side 
effects may he anticipated. These drugs are not generally 
used for eats* probably because of potential adverse reac¬ 
tions. 

Drugs Active at the Ckemoreceptor Triggering 
Zane 

Phenolhi a zincs Phenothiazines are broad-spectrum an¬ 
tic metics that control emesis induced by most central 
causes other than labyrinthine stimulation (see Fig. 27-3). 
Phenofliiu/ines block emesis mediated by the CRTZ al low 
doses because of their am [dopaminergic (P : l and antihista- 
minergtc effects. At higher (perhaps non pharmacologic! 
doses, their anticholinergic effects may also act al other 

central sites, including the vomiting center, A variety of 


phenothiazine derivatives (eg,* chlorpromazine, pro¬ 
chlorperazine, irvHupronwtne H perphenazine, trifluopera¬ 
zine* and mepazine) are used in small animals as untie met¬ 
is's. The primary adverse effects as situated with their use 

as antiemetics arc sedation and hypotension due to periph¬ 
eral Li-blockade. Selection of a particular phenuthiazine 
may be based on avoidance of adverse reactions. Fluid 

replacement therapy should be instituted if necessary be¬ 
fore use of a phenol hi a/inc. Phcnothiazmc derivatives 
should not be used in epileptic dogs because they lower 
the seizure threshold (see Chapter 25). 

Buiymphcmitte Derivatives Haloperidol (Haldol) arid 

droperidol I Imprint), which arc also used as major tran- 
L|ULli/ers. are potent anticmeties because of their antidopu- 
minergic activity. These drugs are rarely used as anticmcl- 
ics because of their side effects (similar to those 
encountered with the phenoihia/inc group). 
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used chronically, Although both gastric acid and pepsin 
are required for hydrolysis of proteins and other foods. 

achlorhydria is rarely accompanied by malabsorption un¬ 
less bacterial overgrowth occurs. Achlorhydria can lead to 
malabsorption oi certain nutrients, among diem vitamin B,j 
and iron as well as decreased absorpiion of some (weakly 
acidic) drugs. 

HrKetrpUtr Antagonists 

Hjcrcccptoi antagonists are reversible, competitive an¬ 
tagonists that reduce both the amount and die hydrogen 
ion content of gastric secretion and the amount of pepsin 
(Krishna and Ulrich. 19S8) induced by a variety of secret! v 
go? tics (Hirschowiiz and Gibson. 1987). Secretion of in¬ 
trinsic factor also is reduced, although this effect does not 
appear to be clinically relevant (Brunton, I995a,b). Each 
antagonist is a congener of histamine containing a bulky 

side chain (Brumon* 1995) (see Fig. 27-3). Cimetidine, 
ranitidine, and, to a lesser degree. famotidine have been 
used to control gavtns acid secretion in animals. Nizatidine 

is one of the newest of the Hpreceptor antagonists used by 
human patients Bach drug varies in potency, duration of 
action, disposition, and dreg interactions Berms et at., 

I989l. Ranitidine is 5 n* 12 times more potent as an 
inhibitor of gastric acid secretion than cimetidine, whereas 
famotidine is nine times more potent titan ranitidine and 
32 times more potent than cimetidine. Famotidine (see Fig 
27-3) has the longest duration of action (Howard ct al., 
19851. 1 p animal models* including dogs, nizatidine is more 
ixnenl than cimetidine (Price and B mg den. 19X8). Al¬ 
though The Hj-receptor antagonists have pmlcinetic actions 
they appear lo have ineonsistent effects on the rate of 
gastric emptying or lower esophageal sphincter pressure 
(Brunton, 1995a). 

Dbposlllon Cimetidine. the oddest ol (Jk etinically u.scd 

H*-receptor antagonist, is rapid!) absorbed from the gastro¬ 
intestinal tract, although food will delay the process. The 

drug undergoes hepatic metabolism and is about 70% bio- 

availablc after oral administration It is excreted in the 

urine in both the unchanged and conjugated forms, The 

plasma half-life is about I hour but may he proUmged in 

the presence »f liver or kidney disea.se 

Ranitidine is less bioa tollable (50%) than cimetidine 

after oral administration. Its elimination half-life is approxi¬ 
mately 2 ] ": hours. Absorption is nol impaired by food us 

with cimetidine It is minimally protein bound (15%), He¬ 
patic elimination is responsible for 30% of an intravenous 
dose and 73% of an oral dose (Rmgden ct at., 1930), 
Famotidine is only 37% bioavEtilahle after oral adminis¬ 
tration due to poor oral absorption. In contrast, nizatidine 
ri rapidly and completely absorbed (Krishna and Ulrich. 
198X). Both drugs are largely eliminated unchanged in 
urine (Krishna and Ulrich. 1988). Nizatidine is almost 
exclusively eliminated by renal excretion, which suggests 
that it might he the preferred H receptor antagonist for 
patients with hepatic disease. Its efficacy apparently has 
rm ten studied clinically ir animals* although its saferi 
has been established in healthy dogs (Bemis et a|., 1989), 

Drug Interactions Cimetidine can be involved in a 
number of drug interactions (Ames and Patterson, 1984; 


Brunton, 1995a). It. like all ajuisccreiory drugs, impairs 
the oral absorption of a number of drugs (generally weak 

acids) due io alteration of gaAirointestiiml pli. CiraetkLine 
also direct K impairs the absorption of many drugs by 

binding to the drugs. Cimetidine is a potent microsomal 
enzyme inhibitor and will decrease the hepatic metabolism 
of concurrently administered drugs (Sedition, 1984; Gi- 
haldi, 1992). Occasionally this effect may be clinically 
useful as in the prevention of acetaminophen intoxication 
in cases of accidental overdose (Jackson, 1982). Impaired 
metabolism of other drugs can also, however, lead to clini¬ 
cally relevant toxicity of other drugs metabolized bv the 
liver. Cimetidine also reduces hepatic blood flow by about 
20% and has been shown to reduce the clearance of flow- 

limited drugs such as propranolol and lidocaine (Jackson, 

I9KJI. Unlike cimetidine, rani Udine and famutadine have 
United to no effects m hepatic blood flow or on the 

metabolism of other drugs (or endogenous compounds). 
Drug interactions involving famotidine and nizatidine are 
rare. 

Adverse Reactions Hie side effects seen with any oi 
the H r receptor antagonists are generally minor even at 
relatively high doses. Thrombocytopenia has been reported. 
Although there have been a number of reported side effects 

for ranitidine in the human, limited experience to date in 
animals has nol indicated any serious toxic manifestations 

from ranitidine Famotidine and nizatidine are devoid of 
many of The side effects of cimetidine (Price and Brog- 

den. I9W)* 

A clinic.illy important disadvantage of H : -receptor an¬ 
tagonists described in humans is relapse of gastroduodenal 
ulceration after H r receptor antagonist therapy is discon¬ 
tinued. Although scet A explanations fot relapse Imve been 
offered, rebound hypersecretion of gastric ucid appears to 

be moet plausible (Guharov, 1991; el-Omar et. al., 1996; 
Fullarton et al.* 1991). Suppression of gastric acid by H r 

receptor antagonists results in increased plasma gastrin 

concentrations as early as 3 hours after a single dose. 

Subsequent stimulation of gastric mucosal G cells results 
in gastric acid hypersecretion that becomes evident when 
The drugs are discontinued. The likelihood of hyperseerc- 
lion is compounded by increased parietal cell receptor 
sensitivity which apparently characterizes patient* afflicted 
with ulcers (Marks et al . 1991). Among die H ; receptors 
studied, cimetidine seems to be the most likely and famoti¬ 
dine or nizatidine the least likely to cause rebound gastric 
acid hypersecretion (Marks et. al.. 1991. Yamaji et al„ 

1991; Full art on et al., 1991). Rebound hypersecretion can 

be minimized by tapering the dose as die drug is discon¬ 
tinued. 

Clinic*! Use The principal therapeutic uses of H ; recep¬ 
tor antagonists include uremic gastritis, gastric and duode¬ 
nal ulcers, stress-related erosive gastritis, and hypersecret¬ 
ory conditions such as gastrinoma nr system it: 
mastocytosis. Although H*-recepior antagonists can be used 
to treat drug-induced ft.e„ NS AID) ulceration, their effi¬ 
cacy is controversial and other more specific antidote* <i.e,, 
PGBi) should first or also be administered (Larsen ct al,, 
1992). On Ihe other hand, the drugs have proven beneficial 
in providing protection against gastric ulceration induced 

CoDvriahtod n 
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by a mini her of etiologic agents including aspirin and stress 

(Brunton, 1995 a) Cimetidine and ranitidine also appear to 
be effective m controlling upper gastro)niestinaJ bleeding 

when hemorrhage is not due to erosion of major hlood 
vessels Histamine [Hi receptor antagonists base also been 
used in gastroesophageal reflux disorders, esophagitis, and 
duodenal gastric reflux. In exocrine pancreatic insuffi¬ 
ciency, cimetidine or ranitidine, if given about 30 minutes 
before feeding. may decrease enzymatic and acid hydroly¬ 
sis of replacement pancreatic enzymes added io food upon 

their contact with gastric secretions, thus improving the 

efficacy and decreasing the cost of their use Patients suf¬ 
fering from short bowel syndrome may benefit from long 
term H -receptor therapy lodecrease the hyperacidity asso¬ 
ciated with thu> syndrome Hu H_*-receplor antagonists are 
sufficiently safe iliu.1 high doses can be given in humans to 

maintain pharmacologic effects with once to twice daily 

dosing (Brunion, 1995a). 

Proton Pump Inhibitors 

Mechanism of Action Omeprazole (sec Pig. 27-3) is 

the commercially available member of the newest gastric 
ant decretory drugs, the substituted bcri/.imidazoles These 

drugs arc potent and irreversible antagonists of l he H\ 
K'-ATPose proton pump, the final step in gastric acid 

secretion stimulated by any secretagoguc, Omeprazole L 
approximately Ul times more potent as an antacid than is 
cimetiJine lLampkin et ah, I99(ri As a weak has c. the drug 
is unstable in an acid environ mem and thus is formulated as 
encapsulated enteric coated granules fLumpkin et al., 
19901 Drag dissolution occur* in die more alkaline envi 
moment of the small intestine- Because oral bioavailability 

increases with environmental intestinal pH. plasma drug 
concentrations lend to increase the first 4 to 5 day ■% of 
therapy lLampkin el aL, |99fft, Omeprazole selectively 
partitions from systemic circulation into the acidic environ¬ 
ment of parietal cells tpK, 1) compared with other cells 

i pK, 5). in the acidic environment the drug is proconaied 

and subsequently further transformed to the active inhibitor. 

Potassium- adenosine triphosphate tH* , K L -ATPase), the 

energy source for the pmton pump, is potently inhibited 
lLampkin rt a)., 1990; Brnnton, 1995a), The cn/yme is 

permanently inhibited, and secretion of HOI will resume 
only after new molecules have been formed in the luminal 
membrane (Brunuin, 1995a). Because the drug accumulates 
in parietal cells, there may be a lag lime of 3 to 5 days 
before maximum effect is realized (Lampkin et al.. 1990; 
loirsspn et al., l9XHy In addition, efficacy will be main¬ 
tained at low plasma drag concentrations and for some 
time after ills* drug s discontinued Because of these char¬ 
acteristics. oiucpru/olc cam be administered once a day 

(Larsxon et al„ 1988), 

Secretory volume is not as affected as is acidity (Lamp- 
kin cl al.. 1990). In humans, omeprazole ifc highly <%%) 
bound to serum album in and ft,-add glycoprotein. Its ap¬ 
parent volume of distribution is 0,31 17kg (Lumpkin et al. 
1990 1 , Also in humans, drug elimination depends on he 
putte meUibolism to inactive metabolites, and elimination 

half life is short 152 minutes) (Lampkin et al, 19901, Ome 
prazoL has been studied in dogs and horses (Jenkins and 
DeNovo, 1990). In horses the elimination half-life of ome 
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pr azote is 30 minutes. Oral bioa variability m reduced, al¬ 
though therapeutic concentrations can be achieved. 

Adverse Reactions Adverse- reactions caused by ome- 

pra/ote are limited because the drag is selective for the 
H .K -ATPase pump. An exception is the sequela of 
achlorhydria. Diarrhea and transient fluctuations in liver 
enzymes base been reported, Hypergastrinemia has been 
documented in human patients (Lumpkin el al,, 1990) after 

therapy with omeprazole, but rebound hypersecretion of 
gastric acid has apparently mm been studied Hypertrophy 

of gastric mucosa has been reported- A marked increase 
in gastric acid secretory capacity has been detected after 
omeprazole treatment, presumably owing to proliferation 
ol an cnteTochromaflin-hkc cell mass iVLildnft el aL, I99fft r 
t ompared with c i melrdi ne. omeprazole is less likely to be 

involved in drug interaction* Partial inhibition of drags 

eliminated by selected cytochrome P45G enzymes has leen 

reported for omeprazole (Andersson. 1991) 

Clinical Use Omeprazole is the drug of choice for the 
treatment ol the Zollinger-Ellison syndrome In humans 
without gastrinomas, extended use of omcpra/ole is associ¬ 
ated with complete antim idity. which induces hypergastri- 
nemia and gastric hypertrophy. Omeprazole has been used 

to control gastric acid secretion that has inn responded to 
H,-receptor antagonists, although Us superiority to these 
and other antacid drugs lias not been lirmly established. 
Generally; however, studies support superiority of omepra¬ 
zole compared with cimelidine for treatment of gastrointes¬ 
tinal ulceration, including response of pain (Lampkin et 

al, 19*Xf i, 


Prostaglandin Analogues 

In uddiiion to receptor antagonism, gastric acid secreiioo 

can also be modulated by prostaglandins of die L series. 

Their actions appear to be mediated bv interaction wish a 

basolateral membrane receptor. Intracellular concentrations 

of cAMP decrease, which in turn decreases protein kinase 
iieiii icy and hydrogen ion concentration (F ig. 27—5) (Wolfe 
.and Soil. 1988) Misoprostol is a methyl ester analogue of 

prosuglandin F.,. As such it is pharmacologically active 
after oral administration with effects lasting longer than 
e ndo g t n t> w s pn »s t ag I and i n s (M isopr o ^ r o I M o nog r a p ii P 

1990). Its action tends to be restricted io the local environ¬ 
ment, with systematically absorbed drag rapidly metabo¬ 
lized by the liver (Jones and Bailey, 1989), Misoprostol 
does not appear to alter serum gastrin levels, and rebound 
avid hypersecretion has nor been reported I Jenkins and 
DeNovo. 1990). Basal* nocturnal, and food-induced gastric 

acid secretion is inhibited by misoprostol, The drag may 
nol, however be as effective as selected Hj-neceplor antag¬ 
onists in decreasing intraluminal pH and appears less el lei - 

live in controlling pain associated with hydrochloric acid 
secretion. Unuhsorbed drug that readies the intestine call 
cause intestinal secretion, smooth uiuscle con,traction, and 
thus diarrhea, but These side effects may be resolved after 

several days (Mispprostol Monograph, 1990), 
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C> (tiprolvctit c Lriuys 
Antacids 

A ntactils chemically neutralize HO present in the gas¬ 
tric lumen such that luminal pH is increased to an accept¬ 
able level (Morrissey and Barrera. I974 k Reaction with 
HCI results in the generation of chlorides* water, amJ car¬ 
bon dioxide (Brunton. 1995a), inactivation of pepsin and 
binding of bile sails by some products (e.g.» aluminum 

hydroxide) are also important. Finally, some products (e.g, 
aJumtnum hydroxide) also induce the local synthesis of 
mucosal protectants le.g., prostaglandins and su I jfliy dry I s) 
(Vergin and Kori-Lindner. 1990; Szelenyi and Brunc, 
l9Sbi, Effective antacids should raise the pH of gastric 
fluids to at least 2 or 4 without causing systemic alkalosis 

Among the antacids clinically used, calcium and sodium 
carbonate are considered fast-acting, magnesium hydroxide 
slow to moderate, and aluminum hydroxide slow-acting. 
However, release of CO, from carbonates can cause ub- 

m dL 


dominal distention and belching i Brunton. 1995a). The 
action of gastric antacids is usually transient and lasts only 
1 to 2 hours. The presence of food, however, which by 

itself increases gastric pH to about 5 N prolongs the neu¬ 
tralising effects of antacids for about 2 hours i Brunton. 
1995a). Neutralization of acid in the stomach antrum re¬ 
moves negative feedback control of gastrin release, which 

in turn leads to elevated gastrin levels and enhanced HCI 
secretion, with increased tone of the lower esophageal 
sphincter In the past, antacid administration was recom¬ 
mended at 4- to 6-hour intervals to minimize rebound 

hypersecretion. In human patients, however, administration 
with each meal has proved more convenient yet equally 
efficacious Factors complicating rational antacid iherapy 
arc rate of acid secretion; duration of time the antacid 
remains in the stomach; the potency of the antacid; and 
adverse effects (Sicplcr et al., 1986). 

The major nonsysfcmic antacids used in veterinary med¬ 
icine arc salts of aluminum, magnesium, and calcium used 
either alone or in combination with each other or w'ith 

various protectants, adsorbents, and astringents. One gram 
of these compounds generally neutralizes 20 to 25 mtq of 
acid in vitro. Aluminum hydroxide is a good adsorbent (of 

bile acids and pepsin), as well as an antacid. It Lends 

to provide prolonged antacid effects I Brunton, 1995a). tn 

addition, it stimulates local prostaglandin production in 

the intestinal mucosa (Vergin and Kon-Lindner 1990), 

Aluminum preparations tend to cause constipation and are 

often mixed with magnesium salts to prevent this side 

effect. Aluminum hydroxide decreases phosphate absorp- 
lion hy forming insoluble aluminum phosphates in the 
intestine and is used to control serum phosphorus in pa¬ 
tients with renal disease. Note that prolonged administra¬ 
tion with meals may cause hypophosphatemia in patients. 

Magnesium-containing products can raise gastric pH 

higher than aluminum-containing antacids l9.0 vs. 4.0) 
(Morrissey and Barrera, 1974). Magnesium hydroxide is 
the most commonly used form of magnesium Magnesium 

salts tend to be laxative and are often found in combination 
with aluminum and calcium salts. Their cathartic effects 

result from soluhlie but unabsorbed magnesium salts that 
remain in (he intestine and retain water. The neutralizing 
effect of magnesium hydroxide is prompt and prolonged 
Up to 2CK& of the magnesium is absorbed in normal circum¬ 
stances, and in the presence of renal dysfunction repealed 
administration can result in hvpcnnagncsiu. Combination 
antacid products containing both aluminum and magnesium 
arc often used to balance the adverse effects of each cation 

or bowel function ( Sicplcr et il. t 1986), 

Calcium carbonate is a rapidly acting., potent antacid 

with a prolonged duration. Slowly developing metabolic 
alkalosis, gastric acid rebound, hypercalcemia, and 

calciuria with metastatic calcification arid urolithiasis, hy¬ 
pophosphatemia. and constipation arc, however, potential 

side effects that may occur after chronic administration 
of calcium carbonate (Sicplcr cl af, 1986). lit addition, 

interference with calcium-dependeni processes may lead to 
excessive gastrin ami HCI secretion i Brunton, 1995a). 

Antacid therapy may alkalinize the urine. The rate of 
elimination of re nail y eliminated weak acids will be in¬ 
creased (e.g.. nonsteroidal anti-inflammatories, phenobarbt* 
tal) whereas that of weak bases is decreased (Brunton,. 
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figure 27-i. The >ites of jouhi ol imu cl ink idly useful prokinetk dmgv 

I n Vivo, at standard doses, mctnckipiwnidc's ^-Iilmiv arc Inin led to the 

lower uoplugui (feLinc mure than caflioe)* Minrwch. and upper Juudc 

num. W tie it ii physic jlOftvalJy inlipiAUn Vcimitinj. Cisiipride iippeari lo 

imrt'jsd motility throughout (he jEasinsiniestuial tract. 


The peripheral effecls, however, appear to be mediated 
by effects on other kx’al ncurotransmi tiers* particularly 

dopamine. Serotonin receptors also may play a role (Reyn¬ 
olds. 1989), Dopamine via receptors has an inhibitory 

effect on smooth muscle of the stomach, duodenum* and 


colon ami has been implicated as a mediator of receptive 
relaxation in dogs (see Fig. 27-7) (Reynolds, 1989). Dopa¬ 
mine may exert its inhibitor effect through inhibition of 
acetylcholine, thus explaining the complex mechanism of 
metoclopramide (Reynolds* 1989), Peripheral antridopamin 
ergic effects of metoclopramide appear to reflect interaction 
with D] receptors (Reynolds, 1489). Metoclopramide phys¬ 
iologically antagonize* emesis by increasing the tone in 
the lower esophageal sphincter, increasing the force and 
frequency of gastric aiiiral contractions (gasimkinetic ef- 

feet), relaxing lhe pyloric sphincter, and promoting peristal¬ 
sis in the duodenum and jejunum, resulting in accelerated 

gastric emptying and upper intestinal transit (Burrows* 
1983 k 


Metoclopramide is well absorbed orally but undergoes 

significant firM-pasx metabolism with a bioavailability in 
the 5Off to 70^ range. Tissue distribution is rapid, and 
excretion is both renal and hepatic. The plasma half-life in 

the dog is only 90 minutes, and* as such, metoclopramide 

hits a short duration of action (Burrows. 1983). l>ose- 


Jc pendent CNS side effects include nervousness, restless¬ 
ness. hstkssness. depression, and disorientation ( Reynolds, 

1989; Clark and Bee hi, 1987; Burrows, 1983). Extrapyra- 

ntidal antidupaminergic effects include tremors and motor 
restlessness, tiy necomastia due lo enhanced release of pro¬ 
lactin has been reported in humans (Reynolds, 1989). Gas¬ 
trointestinal disorders may also be observed* with constipa¬ 
tion being common with long-term use. 

As an ami erne lie* the main indications for meloeloprair- 
ide include severe and intractable emesis canned by chemo¬ 
therapy or other bit hhI- borne toxins as well as nausea 


and vomiting associated with delayed gastric emptying* 
gastroesophageal reflux* reflux gastritis, and peptic ulcer¬ 
ation, As a prokinetic, metoclopramide is indicated for 
treatment of a variety of gastric motility disorders, includ¬ 
ing gastric dilation* volvulus, postoperative ileus* gastric 

ulceration, and idiopathic gjvtroparesis (AJbibi and MeCal- 
lum, 1983). Metoclopramide is contraindicated in gastroin¬ 
testinal obstruction or perforation, potentially in epilepsy* 
and for patients receiving neuroleptics Because of their 

anticholinergic effects, atropine and the opioid analgesics 

antagonize the action of meioclopnimidc. 


Domperidone 

Domperidone is a dopamine antagonist whose prokinetic 
properties are similar to those of metodopvnnttde {Taka* 
hashi ct al* 1991), It has no cholinergic activity and is not 
inhibited by atropine. Domperidone does not cross the 

blood-brain barrier as readily as metoclopramide. Like met- 

odopramitk, however, domperidone can affect central do¬ 
pamine receptors and thus modulate temperature control, 

prolactin secretion, and activity lii the CRT/ (Reynolds, 
1989), Extrapyraitlidal side effects are rare. Domperidone 
acts peripherally lo coordinate antroduodenol contractions. 
Its peripheral effects accelerate small intestinal transit, but 
colonic activity is apparently unaffected (Clark and Bee hi. 
1987). 


Cisapride 


Cisapride has the broadest spectrum of action of the proki- 


nelie agents (McCalLum el a)., 



It causes dose-depen¬ 


dent increased activity at all sites (stomach* jejunum, ileum, 
and small and large colon) (sec Fig, 27-8). Because it 
does not interact with dopamine receptors, its use is not 
associated with cxirapyramidul side effects (Deraol et a!,, 
1989). Us prokinetic actitms appear to reflect indirect stim- 
idation of cholinergic nerves; serotonin appears to mediate 
this effect through 5-HT 4 receptors (see Fig. 27-7). Be¬ 
cause secretion is not enhanced, stimulation probably oc¬ 
curs at the level of die myenteric plexus (Reynolds, 1989). 
Like metoclopramide and domperidone, aMroduodcnal 
contractility is enhanced by cisapride (Reynolds. 1989), 
Prokinetic effects have been documented in the esophagus, 
stomach* small bowel, and colon (Reynolds, 1989k Be¬ 
cause of ihe canine esophagus is skeletal muscle, 
however, the prokinetic effects are likely to be less in dogs. 

Well absorbed aliei oral administration, cisapride under¬ 
goes first-pass metabolism, with oral hioaiailability in hu¬ 


mans being 50%, Metabolites are apparently iruictis c. Vo I 


uroe of distribution is large (2.4 L/kg) in humans, and 
elimination half-life is 10 hours. Cisapride kinetics have 
been reported m the cal (LeGrange ct al.. 1997), Oral 
administration is characterized by 30‘i bioavailability* and 

the elimination half-life approximates 5 hours. A dose of 

1 mg/kg every 8 hours or 1,5 mg/kg cvery 12 hours is 
recommended based on these data. Elimination may be 

prolonged in the presence of liver disease (McCollum el 

al* 1988). Indications for use of cisapride are similar to 
those for metoclopramide (excluding dopaminergic ef¬ 
fects). Indications in humans include any disorder associ¬ 
ated with impaired gastric emptying as well as gastroesoph- 













A SyMCip* Affipiwtt 


4 % - 

ageal reflux. Comparison between cisapride and ranitidine, 
an HrPWcptoi antagonist, tor the treatment of gastroesoph¬ 
ageal reflux reveals both to be effective (Pouderoux awl 

Kuhn las, IW5) 

Cisapride causes prolongation of the QT interval ami 

torsades dc point cs. leading ui sudden cardiac death. The 
risk is greater when cisapride is combined with other drugs 

that inhibit the cytochrome Pd 50 enzyme responsible for 

cisapride metabolism in humans (c,g , clarithromycin, itra¬ 
conazole) (Pai^cti, 1997). 

DRUGS AFFECTING THE INTESTINAL TRACT 

Physiology, Pathophysiology, god Motility 

Drag therapy for diarrhea tends to be nonspecific Therapy 
might, however, target the type of diarrhea. Diarrheas can 
be classified as inflammatory or infectious, osmotic f includ¬ 
ing malabsorption), and secretory. The goal of anti diarrheal 
therapy generally is to reduce (he discomfort and inconve¬ 
nience of frequent bowel movements, and, when indicated, 

replaced fluids or electrolytes tost with diarrhea. 

Ordered minimal motilit) results f'ro«i a balance be¬ 
tween hormonal, myogenic. and neurogenic factors. It is a 
complex, physiologic event (Crema and 13c Pdnti, (98*#). 

Several forms of coordinated movement occur in the intes¬ 
tine that serve to mix the liquefied contents and propel il 
in an aborol direction. Rhythmic segmentations are caused 

by simple non progressive contractions of circular muscle 
They result in mixing movements and promote absorption 
of intestinal lumen contents by narrowing the effective 
diameter of the intestinal lumen, thus impeding flow of 
fluid intestinal contents. Contraction of longitudinal smooth 
muscle results in peristaltic movements and aboral move¬ 
ment of iniesiiiui) cofiiems. Although peristaltic activity is 
mainly propulsive* it also ensures mixing and successful 

absorption Both longitudinal and circular smooth muscles 
are involved in peristaltic movement* Activity in the small 
bowel varies from that in the large bowel. Generally, slow 

waves occur continuously and propagate aborally, In the 

colon, slow waves are sometimes absent, and propagation 

may be variable iCrema and De Ponli, 1989), Intestinal 
motility is integrated ai several levels: locally, at autonomic 
ganglia; and in the CNS ai both spinal and supraspinal 
levels tCrema and De Ponti, 1989), Several types of ruu*ca- 
rime receptor* have been identified pharmacologically (Ml. 
M2, Ml and M4| in the gastroiniettinal tract. Ml or M3 
receptors interact with G protein am! mobilize intracellular 
calcium; M2 and M4 receptors inhibit adenylcyclase and 
regulate ion channels. Ml receptors present in the myen 
terie plexus may inhibit motility via GABAminergic me eh 
anitim. M2 receptors located pcesynapt icaJI y and postsyn- 
optically mediate presynaptic inhibition of acetylcholine 
release. M3 receptors appear to be- located m smooth 
muscle cells cCrcma and De Ponti, 1989). 

Absorption in die- small intestine occurs first by passive 
sodium absorption across the luminal membrane and sec¬ 
ond by active secretion of the sodium across the bawlateral 
membrane. Water osmoticaily follows sodium into the lat¬ 
eral intracellular space. The electrochemical gradient 
caused by sodium movement facilitates chloride diffusion 


into the cell (Hughes. J983), A specific brush hordei carriet 
for NaCl cooanspon accomplishes absorption. Nutrients 
such as glucose and other organic solutes, however, facili¬ 
tate a solvent drag of water and electrolytes $% they enter 

cel Is (H ughes , 1983). 

Secretion m crypt cells of the intestinal epithelium is 
initiated by intracellular signaling (cAMP) or calcium, in¬ 
creased chloride conductance into the lumen results in 
sodium recycling first through the lateral intercellular space 
and second into the lumen. Although NaCl cotransport is 
inhibited, NaCI movement due to solvent drag ii.e.. that 
mediated by nutrients) is not (Hughes, 1983), 

Increased amounts of fecal water reflect cither dimin¬ 
ished absorption or a net secretion (accumulation) of fluid 
into the lumen of the intestine. In all diarrheal states, 
inc reared fecal water loss is associated with an overall 
secretion of electrolytes and water in selected segments of 

the gastrointestinal unci. The absorptive capacity of the 
alimentary canal is overwhelmed distal to the site of secre¬ 
tion. Sodium absorbing cells are present predominantly on 

the villi, and chloride-secreting cells are located primarily 
in the crypts. Increased intestinal cell cyclic 3'.V adenosine 

monophosphate, cyclic guann&ine V V monophosphate, and 

Gri■ (through calmodulin) all have similar effects on so¬ 
dium-absorptive anti chloride-secretory veils, producing di¬ 
minished sodium absorption and increased chloride secre¬ 
tion with a net efflux of water Into the lumen. Cholera 

emtrotoxin is the best known intestinal sccrctagoguc 
(Hughes, 1983). but several hormones, including vaso- 
active intestinal peptide (VIP), GIF, CCK, secretin* gtuca* 
gort, and PGE,, are also associated with net fluid accumula- 
tion as are otto infectious agents (e,g, Escherichia o*U. 
Staphylfiroct an sp ) (Hughes. 1983 b Several laxative 
agents Mich as bile acids and ricinoleic acid are also 

thought to act through this mechanism. The exact role of 

intestinal motility in the alteration of fluid and electrolyte 

movement is still unclear. The role of mucosal permeability 

or mucosal damage in tie genesis of fluid accumulation 
within the gut Lumen is still obscure, 

Modulators of Intestinal Motility and 
Secretions 

Substantial evidence exists linking gastrointestinal secre¬ 
tion with gastrointestinal motility (Greenwood and Davi¬ 
son, 1987), Increased motility is usually accompanied by 

increased fluid and electrolyte secretion (Greenwood and 

Davison, 1987). Rehydration followed by oral replacement 

therapy has received much attention as the preferred treat¬ 
ment for diarrheal associated with infectious agents 
(Hughes* 1983). Suitable solutions contain K\ HCOf* 
Naand glucose in sufficient quantities to replace stool 
losses (Hughes, 1983). 

Aiiridwliftcrgte Agents 

Parasympatholytic or antimuscarimc agents diminish motor 
and secretory activity of the gastrointestinal tract. Tone and 
propulsive movements are decreased (Fig. 27-9), m d these 
agents will often relax spasm of visceral smooth muscle 
Such amimuscarinic drug* are thus known as a rtfispas mod- 
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U *j or spasmolytic*. Although cholinolytic agenis arc com¬ 
monly used as spasmolytics in ani i di arrive al mixtures, se¬ 
vere forms of diarrhea may occur in the presence of 
intestinal paralysis or ileus induced by the cbolmergks. 
The main benefit of anti cholinergic agents may be related 
lo their ability to reduce intestinal secretions. 

Ami muscarinic agents used as spasmolytics include the 
belladonna alkaloids (atropine and hyoscincL iheir conge¬ 
ners (atropine met horn irate, hom atropine methobrom ide, 

hyoseine butyl bromide, anisotropine mclhyIbromidcI, and 

synthetic cholinolytks (aminopentamide. dicyclomine, gk- 

copyrrolate, mepenzolate, oxyphtmmiutn. propantheline. 

benmimide. pipen/olate, didinium, camylotineh Many of 

the belladonna alkaloid derivatives are substituted tertiary 
amines and thus may have undesirable CNS and other 
systemic effects. The synthetic groups arc mostly substi- 

titled quaternary amines and are devoid of CNS effects. 

Xerostomia, loss of lens accomodation, urinary retention, 
constipation, tachycardia, and CNS stimulation are poten¬ 
tial side effects that may he encountered when porasympa- 

tholytics are administered. 


Opioids 

End Mgr turns Opiates 

Opiates have been used since antiquity to control diar¬ 
rhea, and they remain the cornerstone of nonspecific anti di¬ 
arrheal llierapy for hunums iBrunlon* 1995b), Opioids ap* 

pear to influence normal gastrointestinal physiology 

i Kromer. 19XN) Opioids may stimulate gastrointeitinal nnv 

tility hnKh locally and by central effects in ihe brain or 
spinal cord (Demol el aL 1989), Both opioid peptides 
and opioid receptors have been idemitied throughout the 


gastrointestinal tract, The number and type of receptor 
varies with the species. In humans, activation of both 

appears to enhance electrolyte absorption ( Brumon, 1995bl. 
Endogenous opioids are present in high concentrations in 
ihe intestinal wall. Biosynthesis of enkephalins base been 
demonstrated in the myenteric plexus of some species. In 
addition, .ultra] G cells are thought to be capable of synibe- 
m% of enkephalins or endorphins. 0-endorphin and dynor- 
phine have also been demon si rated In cats, enkephalin has 

been detected in both my enteric and submucosal plexi 

In contrast to other species, the predominant location of 
enkephalin neurons in dogs is the submucosal plexus. Opi¬ 
oid nerve fibers have also been documented in ihe lower 
esophagus, pyloric junction, and cardiac and ileocecal re¬ 
gions, Specific degradative enrymes for the opioid peptides 
have also been identified in similar locations (Kramer, 



1988). 

Location of opioid receptors in the gastrointestinal tract 
has been based on the physiologic effects of opioid agonists 
and antagonists (Kramer, 1988; A Hoc her et il. T 

Shook et id-, 1989}, Both in vitro and in vivo preparations 
have been studied, often with conflicting results, High- 
affinity, reversible, and saturable binding of opioid recep¬ 
tors has been identified in longitudinal and circular smooth 
muscles and the myenteric and submucosal plexi. Binding 
has also been noted in the muscularis mucosae. Although 
multiple opioid receptors base been identified, jx-lype and 

6-type opioid binding sites appear lo predominate among 
the species. Morphine acts to stimulate p.-receptors of the 
myenteric plexus, thus inducing migrating motor activity 
ttuhe duodenum and jejunum. The relative importance of 
different receptor types in the control of intestinal peristal¬ 
sis has not been established. 


Gastrointestinal Motility 

In vitro studies indicate that normal functions attributed 

to endogenous opioids in the gastrointestinal tract include 
modulation of gastrointestinal motility anil gastrin release. 

In viiro pensiaKis results from phasic circular muscle con- 

tract ions that travel down the intestinal segment, thereby 

expelling contents distnlly. It is easily distinguished from 

in vitro pendular movements or segmentations, Exogenous 
opioids dcpress the normal peristaltic reflex and thus appear 
to control normal peristalsis (see big, 27-K), This effect 
has been repetitively demonstrated wiih the use of the pure 
antagonist naloxone, which consistently increases peristal¬ 
tic activity. 

Tile intestinal opioid mechanism has been docuntentcd 
throughout ihe intestinal tract by in vitro studies, although 

its functional role appears to increase from duodenum to 

ileum. Endogenous opioids may thus he partially responsi¬ 
ble for the £radstnt of intestine, a term that describes the 

oral to aboral phenomenon of decreasing frequency of 

peristaltic waves and decreasing sensitivity to distension 
stimuli (Kromcr. 1988 b Gastrointestinal opioids are 
thought to be subject to feedback control (Kromer, 1988), 
The effect of opioids on gastrointestinal sphincters v aries. 
The net effect may be dose dependent For example, excita¬ 
tion (contraction) of the choledochoduodemil junction in 

dogs occurs with some drugs at doses lower than those 
causing inhibition. Although species differences have been 
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documented fur the sites of action, rtecf8<* population*, 
ami motility caused by opioids. these differences arc more 
often quantitative than qualitative (Kromcr, 1988), 

The widely accepted mechanism tif opioid action* jn the 

gastrointestinal tract is inhibition of ACh release, Modula¬ 
tion of the effects of acetylcholine already released is 

thought, however, lobe important for the effects of opioids 

on peristalsis Intracellular mechanisms may involve in* 
creased calcium-dependent potassium conductance and hy- 
perpolamation. The spasmogenic effect caused b)' opioids 
is antagonized by atropine. Opioids also reduce calcium 
entry during '["■he action potential and deplete neurons ol 
calcium. Although acetylcholine is generally recognised 
lea he the predominate neurotransmitter modulated by the 
opioids, modulation of other endogenous mediators such 
as serotonin are also likely to be involved (Kromer, I988h 


penetrate the blood-brain barrier, systemic opiate effects 
may occur. The potential for drug abuse has led to its 
designation as i Schedule V drug. Atropine is added to 

diphenoxylate as a deterrent to substance abase by its bitter 
taste and drying effect on salivary secretion*. 

Ij>ptramidt hxdnnhioridr> a buiyramtde derivative, is 

an orally active and effective antidianheal agent used for 

symptomatic control of acute and chronic nonspecific diar¬ 
rhea. Unlcke diphenoxylate, systemic opiate agonist effeds 
do not appear Ur i*ccur after oral administration of lopera¬ 
mide, and there arc few side effects. Although loperamide 
lias some structural similarities to diphenoxylate, it does 
not cross the blood-brain hairier, and it differs both qualita¬ 
tively and quantitatively from diphenoxylate and difenoxin 

in its phajmacologic actions (Schiller et al,, 19K4} Intesti¬ 
nal transit time and intestinal luminal capacity increase 
after treatment with loperamide (ItemoJ et aJ., I98V>, 


Gastrointestinal Secretion 

As with motility, the effect of opioids on gastric acid 
rcEiiin varies with the study, species, and opioid. Opioids 
enhance gastric acid secretion mediated by histamine in in 
vitro studies, but the effect on acetylcholine-induced secre¬ 
tion varies in in vivo studies Dose dependency may ac¬ 
count for some of the variability, with excitation or en¬ 
hancement of basal secretion occurring at lower ih*es and 
inhibition at higher doses. A dual effect on vli mutated 

gastric add secreiitni appears to bt mediated bath periplkr- 

ally and centrally (Kromer, 1988). 

In contrast to gastric secretion, the effect of opioid* on 
intestinal secretion appears to her consistent among the 
species (Kromer, 1988!, Opioids stimulate the net absorp¬ 
tion of water and electrolytes in cntcrocytcs of both small 
and large intestines in a variety of specie*, In vitro studies 
indicate that these peripheral effects are mediated by f»- 
retcpfcjfs. Receptor types may. however, vary with the site. 

These effects, which may reflect facilitated absorption or 
inhibited secretion, are largely responsible fnr the amidiar- 
rheal properties of the opioids Several mediators, acting 
both centrally and peripherally, may signal the antisecrelory 
effect of the opioids, The ability of opioids to modulate 
secretion is likely 1t> vary with the chemical ntediaiof, 
Presynapi k inhibition of ACh release and inhibition of 

pros! ag I a nd i n - med i a ted ad eny I at e c yc 1 use activity ha ve 
been implicated a* the site of inhihirion. Sodium, but not 
chloride, appears to be the ion negatively influenced. The 
opioids also act centrally to decrease secret rotes in the 
intestine, perhaps by altering the sympathetic nervous sys¬ 
tem Ami secretory effects may involve nureptncphriiie Mid 

its effects on vicsoinhibitory peptide, prostaglandin E, or 

ACh (Dcmol et aL, 1 lJi 89>, Decreased intracellular free 
calcium also has been implicated as a possibility. In con¬ 
trast to water and electrolyte secretion, opioid* act io in¬ 
crease bicarbonate secretion from ihc gastric and duodenal 
mucosa (Kromer 1988). 


Drugs 

Diphenoxylate hydmehtonde is a meperidine derivative 
used specifically to control diarrhea It is often adminis¬ 
tered in combination with atropine-I ike com pounds. Its 

action is largely dependent on a direct peripheral effect 
on the gaxtroi ntcsft naJ wall. Because diphenoxylate can 


Miscellaneous AnttKcrrtory Drugs 


[here are a number of potentially useful drugs that have 
not been extensively studied but for which there is some 
evidence of clinical benefit. Glucocorticoid* have been 

found to be beneficial in treating refractory chronic diar¬ 

rheal disease as well as chronic inflammatory disease* of 

the intestinal tract, C]ucocwtkxdds stimulate active sodium 

absorption in the jejunum, ileum, cecum, and colon. Be¬ 
cause of many undesirable side effects when used chroni¬ 
cally, the glucocorticoids should not he used on a routine 

basis to treat diarrhea. 


Adrenergic agents appear to act predominantly by in¬ 
creasing basal fluid absorption and do so at very low 
concentrations. The mechanism* involved are unclear. 


Clonidine and other a : -adrenergic agonists are potentially 

useful in this regard, Cakiuni/calmoduhn antagonist* may 

act by stimulating active absorption as well as by inhibiting 

intestinal secretion, hul die precise mode of action of these 
drugs is not clear, Severe! drugs with this effect have been 
found to be useful in the control of certain forms of 
secretory diarrhea. Example* include chlorproma/ine and 

trifluoperazine Nonsteroidal anti-inflammatory drug* such 
as aspirin, indomeihacin, flunixin, and the subsalicylate of 

bismuth subsalicylate inhibit the cyclooxygenase pathway 

of arachidonic acid metabolism and thereby suppress Ihe 

formation of prostaglandin mediators. The roles of various 
prostaglandin* in intestinal motility as well as in absorption 
anil secretory processes is complex, and ihc inhibition 
of prostaglandin synthesis will not consistently influence 
secretory diarrheal state*. 

The NSAlDs may, however, prove 1o be iherapeuticaLLy 
beneficial m some acute and chronic diarrheal syndrome*. 
Asulfidiue i sulfasalazine! is a product that is metabolized 

to 5*amino*alkylic acid and sulfadiazine by colonic mi¬ 
crobes (Robinson, 1989), Either of the two components 
ft e... ami-inflammatory vs. antimicrobial ) may be effica¬ 
cious in the treatment nf chronic inflammatory bowel dU- 
cascs such its u I cere i i vc colitis. As with all aspirin-con® 

Laming cum pounds, caution is indicated when a 
sulfasalazine is used in the cat because salicylic acid re¬ 
leased m the colon can be subsequently absorbed In Ait 
effort to reduce exposure to sulfonamides, mesalamine 
w;is developed »> an: alternative to asulfidine MesaLamirue 
represents die active anti inflammatory component fi.e,, 5- 
amino salicylic acid). It is available in slow-rclease labteu 
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(designed for human use) ihai arc intended 10 art locally 
and an an enema preparation. The aspirin component of the 
drug nu»y be 3tKT or more Moiviilahle and care should be 

taken 10 avoid aspirin toxicity, especially in cals. The 
enema contain!* sodium benzoate as < preservative which 
also should be avoided! in cals. 

Cholesl) rjnti™ resin is a resin lhal bind*. hi e acids and 

endotoxin within the lumen of the ime&tuie, It has been 
used in humans principally for control of hypercholesterol■ 

emit syndromes and for treatment of in tractable diarrhea 
(see gastrointestinal protectants ami uttsorivnixh 



Compounds that are not absorbed from die gastrointestinal 

tract and either Sine the mucosal surface or adsorb toxic 


compounds are often incorporated into antidiarrheal mu* 
turev The protectants seemingly produce a coating of the 
gastrointestinal epithelium chat prevents irriiaiion or ero¬ 
sion by potentially harmful substances. The adsorbents 

phy si cal 1 > hi nd *_ hem i l j 1 compounds, w h i eh prec I udes the ir 

absorption, and they are then eliminated in the feces. Use 
of these two therapeutic classes is obviously directed at 
potentially harmful agents of either inorganic or organic 
nature Adsorbents will also, however, hind concurrently 
administered drugs used for therapeutic purposes. 

Many protectants and adsorbents both, properties 

to varying degrees. Those most frequmt.lv used are mitgrte 

.siiim trisilicatc, hydrated magnesium aluminum trisilicate 
(activated auapulgitei. kaolin cnatural hydrated aluminum 
silicate), aluminum hydroxide and phosphate , bismuth 

salts, calcium carbon ale. pectin (natural pol y galactu mo ic 
acidsi, and activated charcoal. 


The combination kaulirt/pcchri product is dissolved In 

20 parts water. Described as a demulcent and adsorbent, 
the drug supposedly hinds and removes bacteria and their 
metabolic products mu) loxins. These effects are controven 
siak Although siool consistency may improve studies do 

not indicate that fluid and electrolyte imbalance is cor¬ 
rected, nor is the course of disease shortened (Wilcke and 


Turner. 1987k 

The insoluble bismuth salts have been used For over 4(1) 
tears (DuPont 1987). Products include bismuth suhcaibo- 
n.ite. bismuth suhnitrate, arid, bismuth suhsalicy late. Bis¬ 
muth subsalicylate is a cry stalline 1:1 bi valent bismuth and 

salicylate compound, h iv chemically transformed through- 
oj! the gastrointestinal tract to bismuth and salicylate. 
The drug has been shown to have both anti secretory and 

ami imerob ia J effects in several species (DuPont, 1987i. 

The subsalicylate fraction has been shown to have anti pros¬ 
taglandin synthetase effects, which would enhance its ac¬ 
tion tn controlling diarrheal syndromes (Hughes, |9&3k In 

people and cats, nearly ail the salicylate is systtmicully 
available (Papich el al., 1987; DuPont, 1987). ('aution is 
recommended in order iu avoid salicylate toxicity in eats 

receiving this drug. 

Activated charcoal has primarily adsorbent properties. 

Because of its broad spectrum of adsorptive activity and 
its rapidity of action, it is one of rhe moM valuable agents 
lot emergency ireatmeni of certain cases of poisoning It 


forms a stable complex with many substances ami permits 
the r evacuation from the body. Charcoal preparations vary 

according to the source of base material, surface area, 
capacity for drug binding and affinity, and avidity of drug 
binding <Watson, i98?I. Source 'materials are usually lig¬ 
nite, wood, or peal. Aclivaiion forms more pores arid en¬ 
larges hue surface area. Activation time is directly corre¬ 
lated with the molecular size of the compounds adsorbed. 

Because mosi drugs arc of an intermediate molecular 

weight. charcoals with pore sizes between 10 to 20 A are 
most appropriate (Wilcke and Tumcr, 19R7>, Adminittra- 
tion with a cathartic, such as sorbitol, s a common praciicc 
and facilitates rapid movement of (he charuoaJ toxin com¬ 
plex (Watson, 1987). Activated charcoal lose* its efficacy 
as the lime interval between treatment and toxin ingestion 
increases. The optimal dose and interval for administration 
of activated charcoal have noi been well established <Wai- 
son. 1 7 1 h although a charcoal to toxicant ratio of 10:1 
has been recommended (Wilcke and Turner. 1*387), One 
source suggests treatment at b-hour intervals (Watson, 

1987). Powders are superior to tablets (Wdcke and Turner. 
1987). Food generally decreases die efficacy of these prod 
ucls. In the common domestic species, 20 to 120 mg/kg 

powered activated charcoal is usually administered as a 

drench after mixing with water. An activated charcoal sus¬ 
pension may be used for gas lavage in simple-stomached 
animals. 

Cholestyramine is a basic anion exchange resin that 
binds id acidic side chains such as those occurring in 
bile acids. To- increase the number of basic binding sites, 

cholestyramine is attached to a polystyrene matrix that can 
act as a non sped lie adsorbent As bile salts are bound 

in rhe gastrointestinal tract lipoproteins, cholesterol, and 

neutral fat absorption is also decreased. Although specifi¬ 
cally indicated for prurilb associated with increased bile 
acids, cholestyramine bus also been used to symptomati¬ 
cally treat diarrhea, Nausea, constipation, steatorrhea, and 
decreased fat-soluble vitamin absorption are reported unde 

xirable effects. The product should be wtminisiered m food 

or water (Wilcke and Turner. 1987) 


LAXATIVES AND CATHARTICS 

Laxatives and cathartics promote defecation by iitcrcaaing 
frequency of defecation or fecal volume or consistency 
(Clark and Becht, 1987: Dimski, 1989: Horn, 1987; Bur 

rows, 1984s, Laxatives (or aperients) promote elimination 
of a soft - formed stool, whereas cathartics (of purgatives) 
tend ei> produce a more fluid evacuation. The difference 

between these two effects may be just a matter of dose, 

but in some instances laxatives are only capable of increas¬ 
ing the hydration or softness of the fecal mass without ever 
inducing catharsis Fhe enhanced intestinal transit times 
that occur with use of some of these cathartics are usually 
clue tei intrinsic local myenteric reflexes within the visceral 
smooth muscle Mr to stimulation of the cholinergic recep¬ 
tors olf the extrinsic parasympathetic nervous system, Al- 

though a traditional classification of the group iv presented 
here., it should 'be noted that many cathartics alter intestinal 
electrolyte transport to increase fecal water excretion, so 
the grouping of these compounds should perhaps more 
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logically <1 U?w their effects on intestinal electro I vie move* 

mem. 

A number of deleterious effects may occur vs-iih exces¬ 
sive or constant use of cathartics* Severe* continuous diar¬ 
rhea and abdominal coltv. leading to dehydration and even 

shock, may follow overt Image. Other potentially harmful 
effects include decreased sensitivity of the intestinal mu¬ 
cosa, megaeolon. flatulence, toss of electrolytes {especially 

cot!"urn. potassium, chloride* and bicarbonate), secondary 

aldosteronism, melanosis coli fanthraqui nones), steator- 

rtiea, protei n - lost ng gastroenteropathy, excessive calcium 
low with resultant osteomalacia, and exacerbation of in¬ 
flammatory intestinal disease. Several drugs can also dis¬ 
tribute into mill and adversely affed suckling young 


Emollient Laxatives 

The emollient laxatives (lubricant laxatives* mechanical 

laxatives, fecal softeners i act unchanged. They are not 

absorbed to any appreciable extent and simply soften and 

lubricate tine fecal mass, which n turn facilitates expulsion. 
Although ntH always reliable, particularly in the ruminant* 
they arc used in all species. 

Mineral uil (liquid paraffin) is very- commonly employ ed 
as ll lubricant laxative. Mineral oil is bland and generally 
safe to use, but a few untoward effects may be encountered. 

Chronic administration may impair absorption of tat-solu¬ 
ble viiamins, other nutrients and coadministered therapeu¬ 
tic agents. Decreased irritability of the intestinal mucosa 

becomes evident with protracted use* ami, paradoxically* 

chronic constipation may ensue White m yellow soft paraf¬ 
fin v arc used most commonly for small animals as lubricant 
laxatives (e.g * feline haiiballs), Several ankxiic -urf.iciaiu 
are employed as. focal softeners, Examples include docusate 

sodium, previously l'uIIh! di octyl W (um suIfosuCcrnuTf 

and iliiK'tyf calcium wljiw uccituttc. 


Simple Bulk Laxatives 

The simple bulk Iaxatives are hydrophilic in nature and are 
not digested within the gastrointestinal tract. They adsorb 

water and swell* and an emollient gel forms. The increased 
volume or bulk leads to distention, with resultant reflvx 
contraction producing peristaltic activity. The feces remain 
soft and hydrated- M ethy Icel I ufo sc * cEubuxy lUellsy kelkdusc 
sodium, and pi ant ago wed (psyllium seed) arc examples of 
simple hulk purgatives.. Wheat bran* prunes, and other 
fruits also belong in this group Besides the bulk action of 
these laxatives, it should be noted that the celluloses and 
hcrnicdluloscs prevent are fermented in the hind gut by 
bacteria to produce volatile fitly acids and other products 
that ut hunt exert art osmotic effect and thus, enhance 
laxative action. Mctcorism and a very fluid stool often 
result From the use of simple bulk laxatives. 


Osmotic Cathartics 

The osmotic cathartics (saline purgatives) consist of salts 

or compounds that either are not absorbed at all or arc only 


slowly and incompletely absorbed from the gastrointestinal 

tract. They retain of attract waier into the intestinal lumen 

mainly by osmotic forces, although enhanced mucosal se¬ 
cretion of fluid may contribute to their effect. It is impera¬ 
tive that drinking water be freely available to an animal 


that has been dosed with an osmotic cathartic* use of 
this group of putgaiivcs is contraindicated for dehydrated 
animals In monogasiric animals an effect may Ik 1 generally 
anticipated in 3 lo 12 hours. Magnesium salts are frequently 
used as saline purgatives. Magnesium ions also bring about 
release of cholecystokinin* which will increase peristaltic 

activity Magnesium, sulfate (Epsom salts!, isotonic in a 
solution, magnesium hydroxide* magnesium oxide (milk of 
magnesia) and magnesium citrate are the magnesium sales 
most commonly employed. The soluiknis need not be hy¬ 
pertonic to produce an effect. About 2(F'4 of the magnesium 
ions are absorbed when magnesium sulfate is dosed orally, 
and, if purgalbm doc^ not occur, additional amounts of 

magnesium may be absorbed with subsequent depression 

of the excitable tissues in the body This is. even more 
likely to occur if rend function b impaired. Salts such as 
sodium sulfate (Glauber s salt), sodium phosphate, potas¬ 
sium sodium tartrate (Rochelle s salt), and even large quan¬ 
tities of sodium chloride are effective saline purgatives. 
The sugar alcohols mannitol and sorbitol will also in¬ 
duce an osmotic catharsis as will the synthetic disaccharide 

lactulose, which is not digested, in the small intestine be¬ 
cause no specific enteric enzyme is present. It passes lo 
the large intestine, w here saccharolytic imeroflora ferment 

lactulose to produce acetic, lactic, and other organic acids, 
which in turn lower the pH of the colonic conient and exert 


an osmotic effect. Water is attracted, the fecal mass softens. 

and coionic peristalsis ensues. Lactulose is used for chronic 

constipation and treatment of hepatic encephalopathy 

Acidification of the contents of the large intestine favors a 

greater formation of the ionized and thus nonabsorbable 
ammonium ion rather than the readily absorbable ammonia 

molecule* which requires detoxification in the liver by (he 
urea cycle. Hyperammonemia is thus decreased. Absorp¬ 
tion of other toxic amines from the hind gut is also reduced 
by acidification of the contents. Some meieorism may be 
evident after administration of Lactulose Lactitol is m 

alternative osmotic cathartic. It os less sweet than lactulose 

and may be better tolerated, 


Irritant Ga th art!cs 

Contact or irritant purgatives were thought to stimulate the 
mucosal lining of the gastrointestinal tract and thereby 
initiate local myenteric reflexes that would enhance intesti¬ 
nal transit. It now seems, however* that members of this 

group also provoke fluid accumulation in the Lumen b> 

activating secretory neehrmivim. Irritant cathartics are it* 

carded as being direct acting or indirect acting depending 
on whether a metabolic alteration ts first required to form 
an active product. Some purgatives are so highly irritant 

that they may cause severe colic and superpurgation. 

Several bland vegetable nils act as irritant purgatives 
Their action is based on hydrolysis by pancreatic lipase in 

the small intestine and subsequent formation of sodium 
and potassium salts of the released fatty acids, These are 
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then irritant sop, much differ in potency depend!n£ on 

Uic oU used. i axtoroil piudua;^ liighJ) irritant ritinul rales; 

raw linseed oi leads to formation of less irritant linoleates; 
and olive oil leads to rather mild nliveaics. The response 
to castor oil is prompt, and evaluation of the whole intesti¬ 
nal tract occurs, leading to an almost complete emptying. 
Moisi ho Iky feeds are needed following purgation with 

castor oil. It is used mainly m nonruminant* and often 

employed in calves and foals. The effect occurs in 4 lo K 

hours in small animals. 

Another group belonging in this class includes the di- 

phenylitKthane cathartics, which appear to have a greater 
effect on the large intestine, Tltcir precise mechanism of 
action is unclear. An effect is usually seen within 6 to 8 

hours, and excessive catharsis may occur with overdosage. 

B i sacody 1 also is a diphenyl methane cathartic that inhibits 
glucose absorption and Na T , K ATP activity as well as 

altering motor activity of the visceral smooth muscle. Only 
about 5 r f of any close of bisacody} is absorbed his agent 

is used both oral I y and by enema. 


Emmas 

Introduction of solutions or suppositories into the rectum 
to ini1 1 ale the defecation reflex is a useful and simple 
method lo correct or prevent constipation. Many prepara- 

tsojis have successfully served as enemas, including soapy 
watei 'volt anionic soup l, isotonic or hypertonic sodium 

chloride solution*;, sorbitol, glycerol* surfactants such as 
sodium hiuryl sulfoacetate, mineral oil, and olive oil. Em 

cma preparations that contain phosphate should not be 
used in cats indiscriminately because the* can precipitate 

polcnliallv fatal hyperphosphatemia, hypocalcemia* mid 
hypcin.uremia in cats f Atkin* el al.„ 1985} or iteb;litated an¬ 
imals. 


DRUGS AFFECTING THE LIVER 



Substances that cause contraction of the gallbladder are 
called cMtifitigues. The resistance of the sphincter of Oddi 
d^-creases as bile flows freely into the duodenum, Dietary 
lot ami concentrated magnesium sulfate introduced directly 
into Lite duodenum through a tube exert a chulagc nue effect 
through release of cholccystokinin/puncreo/ymin from the 
upper small intestine Vagus stimulation also promote*. con¬ 
traction of the gull bladder. 

Substances that increase secretion of bite by the hepato- 
cyies are known as choleretics A drug that stimulates the 
liver Si* increase output of bile of low spec!tic gravity is 

called a hydnKhokrvsic. Production of bile is enhanced by 
stimulation of the vagus nerves and by the hormone sec re 
tin. which increases the water and bicarbonate content of 
bile Htysiologically, however, bile acid salts are mainly 
responsible for bilk' sccrelirm—the so-called bile salt-de¬ 
pendent flow. A number «f natural bile salts and several 
partially synihetic derivatives are used tlKrapcuriuilly as 
c hole r c t ic s. i nc 1 u din g de hyd rot hoi it at i d w hid is the 
most potent hydrtjcbolerciic agent. Naturally occurring bile 


Kid conjuEiUH unD as pivrodiolate ltd oumiutac ra- 

hiuii’t bile flow u> a Jesser euem. Bile salts used therapeuti¬ 
cally have a dual action in directly promoting fat. absorption 
and stimulating biliary secretion after they have been ab¬ 
sorbed. Overdosage with these compounds tends lo cause 
diarrhea, 

\ fsodenxycholic acid (UDCAi is a natural bile acid 
constituting a very small portion of the bile Kid pool It »s 

a denudation production of chrrrodco vycholit acid. 


Among the bile acids, U’DTA has the lowest hydrophobic* 
hydrophilic balance, the lowest capacity to make micelles, 
and the least potential for cholestatic or cellular membrane 

toxicity Because cholestatic liver disease may be associ¬ 


ated with accumulation of toxic bile acids* treatment with 
if DC A is appealing. Its efficacy in a variety of chronic 


liver diseases has been established. Ils mechanism of action 
is not well understood but is probably related to bile add 
metabolism (Heller el aL 1991) rhe use of U DC A in dogs 
suffering from selected cholestatic liver diseases has been 
documented > Meyer and Thompson, 19921. Ute disposition 
of 11 DC A bus been studied an healthy cats (Nicholson el 


al., 1989). Sporadic vomiting and diarrhea were reported, 
but otherwise the drug appears to be safe. Scientific studies 
establishing its safetj and efficacy in diseased animals .ire 

i ndic cited. 



A comprehensive review of the treatment and management 
of hepatic disease is beyond the purview of this chapter. A 

selection of the dregs for treatment of liver failure are. 
however, listed and the rationale for their use noted. The 


major pharmacologic properties of many of these sub- 
stances are discussed elsewhere in this volume Hepato- 
iropic agents are those having a special affinity for the 
liver or exerting a specific effect.. Lipotropic agents hasten 
removal of fat or decrease its deposition in the liver. I ve 
of lipotropic agents (choline, methionine, cysteine* betaine, 
lecithin* hy droiocobalomin) to increase mobilization of 
hepatic lipid is of proven value only in cases in which 
deficiencies or these substances exist. Deficiencies may be 
present in hepatic disease as a result of anorexia or msufii 
cient dietary protein. Patterns receiving and consuming a 

nutritious diet with adequate amounis of protein do not 
require supplementation with lipotropic agents, but their 

use has not been shown to be detrimental* 


Choline 

Otolinc is un indispensable metabolite of the body. It forms 
part of a number of endogenous compounds, particularly 
phospholipids, Phosphat idylcholi ne* 1 y so phospholipids, 

plasnudogeDA. and sphingomyelin* ate. phospholipid* that 
contain choline. The mode of action of choline as n lipo 
tropic agent is unknown It may promote conversion of 
liver fat into choline containing phospholipids, which are 

more rapidly transferred from the liver into hlond. Choline 
is also essential for synthesis of phospholipids that are 

used in intracellular membranes concerned w-ith lipoprotein 
synthesis. It js thought that I be lipotropic agents methio- 
niive. bciiiiiv, and lecithin are effective because they eon- 

m 
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tain choline or promote choline synthesis. The requirement 
for choline K well recognized in all conditions predisposing 
to fatty infiltration of the liver, including diabetes mclliius. 

malnutrition, and cirrhosis. Greater than normal quantities 
of choline seem to be needed for prevention of a fatty liver 
when the liver h already damaged. Choline deficiency is 
not the only cause of fatty liver in these conditions nor 
will choline supplementation done restore the liver to 
full functional competence. Choline is however, extremely 
valuable in the multilherapeutic approach to prevention and 
cure of fatty liver 


Methionine 

Methionine (i.-melhioninej readily donates its lermina 
roe thy 1 group for meihytatum of various compounds. Me¬ 
thionine is the principal methyl donor of the body ami 
supplies its labile methyl group to cthanolamine to form 
choline In addition to ib methyl group, methionine land 
cysteinel contains a sulfhydryl group, which appears to 
protect ihe liver against the noxious action of certain poi¬ 
sons. Orally administered methionine can, however, aggra¬ 
vate hepatic coma Bacterid flora may convert methionine 

to mercaptan derivatives such as methancthiol and ethane- 
thiol, which arc themselves capable of inducing coma, 

S-adcno syl-L-me thinning (SAMe) is a naturally oc¬ 
curring endogenous methyl donor that ip animal studies 
and clinical human studies improves biochemical parame¬ 
ters of liver function {Osman et aL* 1993). Endogenous 
concentrations are reduced in cirrhotic liver disease pa¬ 
tients. Production of sulfated compounds md phosphatidyl¬ 
choline subsequently is reduced, in animal studies SA'Mc 
improved bile secretion impaired by a variety of" toxins and 
by pregnancy. Drug-induced hcpaiotoxid ty .and chronic 
liver disease were also reduced, without occurrence of 

^imus side effects (Frtr/u «rt til Wfe Munzilki, 1^2) 

SAMe may act synergistiually with urodenxytfiolh acid 
for treatment of chrome progressive liver disease tOmcari, 
1 W6j. Although absorbed well after oral administration, 
SAMe undergoes extensive first'pass metabolism (Osman 
ct ul., 1993), The compound is so hygroscopic that it is 
unstable unless protected: produce in bubble packets might 
be the most prudent to use Tablets cannot he broken 
without link of loss of efficacy, Caution is recommended 
in purchase of SAMe; an independent investigation that 
compared the content of SAMe to the labeled amounts 
found 6 of 13 products to be mislabeled. 


Lecithin 

Lecithin contains choline a* pari of the molecule, which is 
liberated upon hydrolysis; it has been used in the dog os a 
lipotropic agent. 


Selenium and Vitamin E 

Selenium is now known to be essential for tissue respira¬ 
tion and is protective against dietary hepatic necrosis. It is 
extremely active and is only required in minute amounts. 
Vi lam in E enhance* the action of selenium, 'but both ate re¬ 
quired. 


Selenium is an essential component id glutathione per¬ 
oxidase. which catalyses oxidation of reduced glutathione: 

f2|Glutaihiane-SH + Hu. t reduced fonnj —► 

Glulathione-S-S glutathione + 21-1 O (oxidised form) 


This glutathione peroxidase catalyzes removal of hydrogen 
peroxide and fatty jdd hydroperoxides and thus exerts a 

protective effect on all cells, but especially on muscle, 
liver, and erythrocytes. The essential substances required 
for removal of peroxides are reduced glutathione and gluta¬ 
thione peroxidase. Vitamin E maintains glutathione in the 
reduced form by preventing formation of hydroperoxides: 
it is an antioxidant and thus reduces the amount of glutathi¬ 
one peroxidase required. Cysteine (tf-acetylcysteine) is re¬ 
quired for the reduced sulfhydryl radical of glutathione and 
is generally present in adequate quantities. Selenium end 
vitamin E enhance each other's action and together protect 
cells* especially hepatocytes, against harmful build-up of 

perox ides. 


Vitamins 

hi the presence of liver disease, the fat-soluble vitamin K 

should be supplemented because hepatic stares may be 
quite rapid!) depleted. The water-soluble vitamins of the 
B-complex group are frequently employed in therapeutic 

regimens for hepatic insufficiency. Few" controlled studies 
have been carried our in this regard, but the rationale 
behind their clinical use is based on ensuring an adequate 

supply of metabolic cofactors. 


H v droiocobala min 


Hydroxocobalamin I previously called vitamin B f j} is stored 

i n the Li ver, mainly in mitochondria* but there is also n 
microsomal fraction. This microsomal vitamin may be of 
importance in hepatic protein metabolism. Microsomal cell 
fractions from the Hers of hydroxocohalamin-deficient 
animals are defective in the incorporation of methionine 
and alanine into protein. General Liver protein synthesis is 
depressed in hydroxocobalamin deficiency. 

Hydroxocobalamin has a lipotropic effect. It is involved 

in metabolism of lahiLe methyl group* and in Formation of 
choline, Hydroxocobalamin is also necessary for overall 
utilization of fai. Wien intake is low, however, the demand 
for this vitamin in hemopoiesis exceeds that far any other 
clinically recognizable physiologic function. 


Glucose and Fructose 

The liver resists many forms of injury when its stores of 
carbohydrate and protein are adequate: its efficiency is 
impaired when hepaiocyies are laden with fat. Admimitia- 
uon of a hypertonic solution of glucose and fructose pro¬ 
duces favorable responses in a variety of hepatic abnormal 
tries A high glycogen content appears to protect liver cells 
from damage* and inhibition of gluconeOjienetis (which 

occurs with administration of both insulin and glucose) 
may play an important role. Under the influence of insulin. 
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hepatoey tcs undergo glycogen storage, hypertrophy, and 

hyperplasia- Insulin has a major anabolic effect on the liver. 


AGENTS PROMOTING DIGESTIVE FUNCTIONS 

Several preparation* are used therapeutically to control 
specific gastrointestinal diseases hy promoting digestive 

processes. These digestonts generally consist of normal 
digestive enzymes or related suhstances that are used for 
replacement therapy in deficiency Slates. 


Digestive Eniymes 

Peps t rt preparat ion s are ad min i s re r ed w ith hydroc h lot i c 
acid 10 treat gastric achylia. Pancreatic extracts that stimu¬ 
late pttncreanc exocrine secretions arc of therapeutic benefit 
in cases of chronic pancreatitis and pancreatic hypoplasia, 
in which glandular function is diminished or destroyed, 

Pancrealin (Pantent, Stamyl, Viokasc) blamed from hog 
pancreas is the major ingredient of most commercial pan¬ 
creatic en/ynue preparations. Enteric-coated preparations to 

present destruction of pepsin in the stomach are generally 
thought to be better than noncoated preparations. In a, few 
instances, enteric-coated preparations are the most effective 
in dogs with pancreatic insufficiency; they arc added to 
food: and must he provided with each meal. Dosage is 

adiijsfcd to obtain a normal stool. Snriulumoms adminislra- 

tiott of nonsystemie alkulinizing agents to maintain air 
optimal pH range for enzyme activity has not proved suc¬ 
cessful clinically. However, die administration of cimeti- 

dine about half an hour before dosing with pancreatic 

extract does limit gastric inactivation of the enzymes 
Proper dietary control is also essential for the successful 
management of animals suffering from pancreatic insuffi¬ 
ciency. 

Bile acids and their salts promote absorption of long* 
chain bitty acids and fat-soluble vitamins. They also act 

as choleretics (discussed previously). Examples include 

dchydrocholic acid (Dccholin) and chcnodiot (previously 

named chenndeoxyctoIic acid), 

Diastases are amylolytic enzymes obtained from mult 
and Axperx'tilus ttryxi* and are used for replacement of 

pancreatic a-amylasc and to control flatulence caused by 
gas produced from soluble carbohydrates by bacterial flora. 


TREATMENT OF SPECIFIC DISORDERS OF THE 



Diseases of Oral Cavity 


The primary treatment for the /elm* eosinophilic gmm- 
hmu complex is glucocorticoids {Smith. 2tMMi), given 
orally (prednisone t I to 2 ing/kg bid), subeut■ nenu>I> 
(meihylprednisolone acetate. 2(1 mg every 2 weeks), or 
intralesiumdly (triamcinolone, 3 mg each week). Progesta¬ 
tional compounds such as itMnhylpfugcstcrune may prove 

beneficial, but side effects associated with long term use 

(including hyperadrenneortieixm and diabetes melliiiis) 
should limit their use to eases that have .not responded to 


any other (properly administered) drug therapy. I p to 50% 
of treated cafe may relapse Suvntmtis may be a reflection 

of an autoimmune skin diseases, renal disease, microhm- 

logic infection (viral, bacterial, or fungal) or may be idio¬ 
pathic in nature. Antimicrobial therapy should be consid¬ 
ered in tas« of idiopathic sionwiitis; therapy may be 
necessary oti a chronic, iniermiucm basis. Drugs should 
target anaerobic organisms ic.g.. metronidazole, & penicillin 
dei ivnlive, or clindamycin). Treatment of bacterial stomati¬ 
tis is discussed further in Chapter 10. Glucocorticoid ther¬ 
apy should be used cautiously in stomatitis unless an auto¬ 
immune disorder ha 1 ' been diagnosed or other causes 

(including infecti««s ones) have been ruled out. 


Diseases of the Esophagus 

Megiitsophaguti Myasthenia gravis is the most com¬ 
mon cause of secoodar) megaesophagu^ in dogs. It is 
diagnosed based on response to edrophonium chloride, a 
short-acting anlicholinestcrasc (TwcdU 1995), Effects on 
skeletal muscle occur within 1 minute of [V administration 
and last up to 10 minutes or Longer in some myasthenic 
patients. Ding: therapy of megaesuphagus associated with 
myasthenia gravis targets improvement in muscular activity 
with anticholinesterase therapy (pyridostigmine bromide, 
1-5 mg/kg orally every 12 hours) Wa&habau. 1999) and 
suppression of the immune response with glucocorticoid 
or other immunosuppressive therapy (e.|., azathioprinc). 
Pyridostigmine improves appendicular muscle strength but 
niav not improve pharyngeal or esophageal function. Pred¬ 
nisone tends lo be the preferred glucocorticoid hut may 
contribute lo muscle weakness, Azathiopriue avoids many 
of the side effects of glucocorticoids, but remission takes 
longer to achieve (up to several weeks), and neutropenia 
may limit treatment, M y copbenolare mofetil is an immuno- 

modulator used to prevent graft-versus-host rejeetton in 
human renal transplant patients. The drug inhibits purine 
synthesis but only in lymphocytes (both B arid T lympho¬ 
cytes), and side effects are limited to gastrointestinal upset. 
The drug can few given totally, causing rexponre within 4 
hours of administration. The drug te proved efficacious 
for treatment of myasthenia gravis in dogs (5-10 mg/kg 
every 12 hours orally) (Dewey. 2000k. A prodrug, the 
active metabolite of mycophennlate mofelil, mvcophcnolk: 
acid is currently being studied; initial clinical use appears 

promising Thyroid hormone replacement (thyroxine) may 

also prove helpful. Treatment for me ^esophagus for which 

mi, underlying cause cannot fee found is difficult, A number 
of drugs that stimulate gutroiniettinaJ smooth muscle have 

ben recommended with variable success, including met- 

oc I opr amide and cisapride. Drugs that relax the towel 

esophageal sphincter (anticholinergics md calcium channel 
blockers) have no* proved effective. A major focus for 

treatment of myasthenia gravis is prevention of aspiration 

pneumonia. 


Esophagitis Esophagitis should be treated by correction 
of ihe underlying etiology, U is commonly associated with 
ingestion of a corrosive or hni (thermally) material. Antibi¬ 
otic therapy m such cases should be reserved for esopha¬ 
geal perforation ’flie irnucosa cart he protected by adminis¬ 
tration of sucralfate administered as a slurry (1 g in 10 mL 

worm water), 5 to 10 rnL every 6 to 8 hours. Lidocoinc 
solution (Xylocaine viscous solution) may be udministored 
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orally {2 mg/kg every 4 to 6 hours) to minimize pain. 
Esophagitis caused by gastroesophageal reflux should re¬ 
spond well to medical management. In addition to pro¬ 
tecting the damaged muem.:* with sucralhiie, drug therapy 
targetv increasing gastric pH and lightening the lower 
esophageal sphincter. Aniisecretory drugs, <e g , cimeiidine, 
ranitidine, nmeprazok) help to minimize damage induced 
by gastric ax i i and! pepsin. Among them, nizatidine has 
pnokmeiic activity ir humans comparable lo that of cisa¬ 
pride, an effect evident within 1 hour after administration 
(Zarling. I999:i. Interestingly, a pcppcrmint/caraway oil 

preparation induced relief from dyspepsia equal lo (hat 

produced by cisapndc in human patients iMadish. IW9l, 

An lac ids may also prove bench dal l products containing 
alginic acid may provide additional protection of the esoph¬ 
agus by prmiding a barrier of Foam Prukinctic drugs 
should be administered in order to tighten the lower esoph¬ 
ageal sphincter. Indeed, ntctaclopramide or ctvapodc is 

probably as effective as anli&ecrctory drugs in preventing 

further esophageal damage associated with gastric reflux 
GluciKXTTticoidv can be used to minimize esophageal stric¬ 
ture formation resulting from damage to the esophagus that 

extends into t)>e muscular layers. Therapy should include 

tapered doses of glucocorticoids followed by rt-evauation 

at 2-week, intervals. 


Diseases of the Stomach 

Acute Gastritis 

Acute gastritis is best treated by resolution of the underly¬ 
ing cause, whether it is diet, infectious agents or chemicals 
(including drugs or toxins), nr metabolic diseases te.g., 

renal or liver disca.se>. Chemicals, including hydrochloric 
acid and bile acids, can induce vomiting as a result of 
direct damage or hypertonicity. Inflammation, if allowed to 
progress, can result in erosion and ulceration. Although 
most patients with acute gastritis improve m I to 5 days, 
some patients require supportive therapy t Willard* 199S). 

Depending on the patient, supportive therapy 'in addition 

lo nothing given orally) may include fluid therapy, anti- 

emetics. and protectants or adsorbents Fluid therapy with 

balanced crystalknds may require (he addition of potas¬ 
sium. Bicarbonate is rarely indicated; glucose supplementa¬ 
tion may be indicated in some patients. Any of the anti- 

emetics previously discussed cun be used, although 
phctintliiazinc derivatives should be withheld until volume 

replacement has begun. MeiacJopmmide is useful when 

given either peripherally or centrally. Among the phenuthi- 
azinev chlorpromuzine and prochlorperazine tend lo be 

used most commonly {Halt. 1999). Among the protectants, 
bismuth subsalicylate has proved most useful in decreasing 

vomiting associated with acute gastritis. However, gastric 
distention from the drug may cause the animal to vomit; 
therefore prudence is indicated in its use. 

Gastric Ukeratlon/Erosion 

There is no sensitive indicator of damage lo the gastrointes¬ 
tinal mucosa; damage may be quite extensive before hernia- 

temesis or melena is noted Damage to the gastrointestinal 


mucosa {erosion or ulceration) probably occurs more fre¬ 
quently than anticipated. For example, up to 25*v of human 
patients admitted to intensive core units have gastric ero¬ 
sions: by the third day of hospitalization, this number 
increases "to 90%. The risk of translocation ut enteric patho¬ 
gens is increased in these paiients, suggesting an important 

role for prophylactic anti ulcer therapy; Sucralfate has been 
recommended as the preferred method of prophylaxis in 

patients in whom enteral nutritjoti is not possible (Marino, 
1997:. Disease* in which mucosal damage should be amici 

p<ated aid treatment implemented include but are cmm lim¬ 
ited to most cell disea.se. renal djsease, liver disease, and 
inflammatory howel disease. The underlying cause of ulcer¬ 
ation must be rewdved: additionally. amistcrctory drugs 
and antacids are indicated for trealmeni of mucosal dam¬ 
age. 

Nonsteroidal Anti-inflammatories The most com¬ 
monly recognized cause of gastrointestinal ulceration in 

(togs is probably use of nonsteroidal anti-inflammatory 
drugs (NSAlDs). The primary mechanism of ulceration by 

NS A IDs is inhibition of the constitutive form of cyclo¬ 
oxygenase, the enzyme responsible for formation of the 

cytoprotectivc prostaglandin E. Alteration of ion (probably 
hydrogen) transport across the mucosa also has a variable 

role in ulcer formation, depending on the NS AID used 
(e g,, aspirin) tLaC’nric. 1999) Unlike the NSAJDs, gluco- 
corticoKb impair the inducible cydo-oxygenase enzyme; 

ihis enzyme is not necessary for generation of cyloprotec- 

live prostaglandins* Hence, glucocorticoids by themselves 

are much Jess ulcerogenic than NSAlDs. They may, how¬ 
ever, potentiate ulceration caused by NSAlDs. Treatment 
of NS AID-induced gastrointestinal ulceration includes dis¬ 
continuation of the drug; replacement of missing prosta¬ 
glandins by administration of cytoprotectanK such as miso¬ 
prostol: providing cytoprotection through sucralfate; arid 
inhibiting acid secretion by administration of jii antisecre- 

tory drug (e g . ranitidine or omeprazole). Sucralfate, miso¬ 
prostol, and H^-receptor antagonists have been studied ci¬ 
ther as sole agents or in various combinations for their 
ability to prevent gastrointestinal ulceration in patients re¬ 
quiring high doses or long term NS AID therapy. Among 
them, misoprostol probably provides the most consistent 

proDcctkiri. followed by sucralfate and then antisecretory 

drugs Although famotidine was found to he equal in effi- 
,acv to misoprostol for treatment of NS AID- induced ulcer¬ 
ation in humans (Wu, 1998). the H -receptor blockers arc 
described m having only limited efficacy, particularly for 

ulcers in the stomch. unless it is used at higher than 

(generally twice) recommended doses I Brown 1999). Pro- 
ion pump inhibitors have proved superior to H.-receptor 
antagonists for treatment of NSAlDAnduced ulceration 
(Brown, 1999). In cases of overdosing (including acciden 
(aI ingestion), administration of both sucralfate and miso¬ 
prostol is recommended along with an anti secretory drag. 

The duration of therapy depends in port on the elimination 
half- life of the drug and the amount of N&AtD ingested. 
Tire elimination half-life of some of the dritg^ is several 

days, suggesting that toxic concentrations may remain in 
the bloodstream for some time O to 2 weeks). Administra¬ 
tion of protective agents should be longer—perhaps 2 
weeks or more-depending on the drug and the amount 
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ingest. Administration of cytoproteaivc antacids such as 
magnesium/aluminum hydroxide combinations with a meal 
may provide fun her protection. Pre vent ion of N SAID-in¬ 
duced ulceration in humane is best accomplished with 
proton pump inhibitors; omeprazole was superior to either 
ranilidine of misoprostol following 6 months of NSAID 
therapy for reducing the risk of either gastric or duodena] 

ulcer (Lazzaroni, 19991. 

Hflic&bacter Sptdes The role of Net ivohfliter species 
as causal agents m gastrointestinal disease^ in dogs and 
cals is being elucidated It is Likely that a causal relation- 
ship exists between the organism and the disease. In human 
pal ient.c. t be ■ up a n i m n is assoeiated w 1 1 h gust nt dui denat 
ukciation, inflammatory disease, and cartinonut A causal 
relationship also hss been suggested in ferrets, cheetahs 
and cals. Cl:meal signs attributed to Helicobacter organ¬ 
isms -,n dogs and cats include chronic vomiting and diar¬ 
rhea, in appetence, pica, and fever i Hall, 1999). More than 

709r of human patients with gastrointestinal ulceralion as¬ 
sociated with Nr hi ‘.mirier organisms are cured of their 
ulcerative disease A Hdutyhacier is successfully eradi¬ 
cated. The pathophydoing y of /Uikolhietet in pan reflects 
urease-mediated conversion of urea to ammonia and hi car 

bonate Ammonia causes local tissue damage, whereas bi¬ 
carbonate appears to facilitate deeper colonization of the 

organism into the mucosa (Hull. 1999) Cytokine produc¬ 
tion b\ the organism appears u> be associated with in¬ 
flammation and ukerugenesis: biochemical changes in the 
mucosa also contribute to disease. Treatment includes a 
colloidal bismuth (i e. T bismuth subsalicylate|. an jntibaclc 

rial that targets Helkohacter (metronidazole. amoxicillin, 
or clarithromycin), and an antacid Ian H : receptor antago¬ 
nist or omeprazole), Bismuth accumulation causes cell wall 
damage 1 and subsequent cell lysis. Among the antibacterials 
selected, amoxicillin is associated with the greatest and 
clarithmimcin the lews! umoum of microbial resistance in 

humans. Resistance to metronidazole JS also isk: caving. 
The duration of therapy in humans is several weeks. Re¬ 
ports ot similar therapy in dogs and tats support but do 
not conclusively prove this approach may be beneficial 

in dogs ami cats suffering from selected gastrointestinal 
diseases. One study reported marked improvement m 9(1*$ 
of dogs and cals treated with a combination of metronida¬ 
zole, amoxicillin, and famotidine for three weeks. Sue nil 
fate may ato be of bene lit 

Gastric Dilatation Volvulus Therapy fot gastric ralnra 
lion volvulus (GVD) focuses on management of the acute 
and potentially life-threatening disease and long-term pre¬ 
vention, Medical management ol the patient with acute 
disease focuses on resolution of the dilatation or volvulus 
arid treatment of the sequelae of the syndrome. The se- 
q lie lac of OVD that are most life-threatening are decreased 
cardiac preload (compression of the posterior vena cava 
and hepatic ponal systems by the enlarged stomach), ische¬ 
mia ol the gastric wall (with loss of the mucosal barrier and 
increased risk of perforation ?, and eungesuon uf abdominal 
viscera with subsequent endutoxemia and disseminated in¬ 
travascular coagulation. Although they art potentially later 
in onset, cardrac arrhythmias also may become lifc-threai- 
cning. Shock should be treated with a balanced crystalloid 
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electrolyte solution or hypertonic saline. Shock doses of 
glucocorticoids h or t alternatively, of flunixin meglumine 
(0.5—IJ mg/kg IV) may itmeliorate >omc nl the signs or 
clinical sequelae of mdutoxemiu. Free radical scavengers 

<deferoxamine m allopurinoli may help reduce damage due 
k» reperfusion. Methylpredniso]one may aJ*u he helpful in 
minimising the effects of oxygen radicals (sec Chapter lb). 
Decompression of the dilated stomach con be facilitated by 
chemical restraint or sedation. O\\ norphonc may be the 
drug of choice. Cardiac arrhythmias are most commonly 
ventricular m origin Intravenous lidocainc is the preferred 
drug, administered initially as an IV bolus followed by a 
constant rale infusion 175 p.g/kg/i n i n >. Procainamide can 
be used (6 to H mg/kg followed by 20 to 40 pgAg/ 
min con.slant rale infusion) intravenously if lidocaine is 
ineffective. I sc of H.- -receptor antagonists to minimise the 
effects of hydrochloric acid on tho already damaged my 
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cosa and antimicrobials be indicated, although their 

need has not been well determined. 

Medical management of chronic GVD has not been well 

established Mobility modifiers (inetaclopramide, cisapride) 

and Hh-receptoi antagonists may be indicated, particularly 
after' an acute episode in order to minimize the aocurmilu- 
bon of gastric secretions. However, their efficacy has not 
been established. 

Gastric Motility Dteordws 

Dietary management of delayed gastric empiying should 
precede pharmacologic management Prokinetic agents can 
he added when dietary management fails, cisapride is pre¬ 
ferred. Eiythromytin will stimulate gastrointestinal motility 
at doses 10.5-1 mg/kg every 8 hours) much lower ilvan 
antimicrobial doses. Among ihe IL-hist amine receptor an¬ 
tagonists, ranitidine and nizatidine inhibit anticholinester- 
isc activity and thus are prokinehc at antisecreiory do^es 
(Half 1999). 



Diarrhea 

.Acute Diarrhea Like vomiting, diarrhea should be 
managed by providing supportive therapy, treating symp¬ 
toms, and u living the unde riving cause with specific 
therapy (Burrows. 1995). Generally, intestinal causes of 

acute diarrhea include diet, toxins or drugs, or infections 
(including viral, microbial and parasiiic], A number of 
cxiraintcstinal diseases include diarrhea as a manifestation. 
For many diarrhea*. rchydrutxm and maintenance of hydra¬ 
tion and ekcinolyic balance arc the cornerstones of therapy 
(see Chapter ri. Antiemetics should be. used to control 
vomiting. Those that cause hypotension (e.g., phenuthi- 
azine derivatives! should be withheld until fluid replace 
mcni has begun. Protectants and adsorbents art: indicated 
for diarrheas associated with toxins (including ‘'garbage 
enteritis - ■ and may be used for nonspecific (undiagnosed) 
causes of acute diarrhea. Kaolin may be useful for its 

adsorbent properties, Bismuth subsalicylate provides both 
adsorbent and anti-inflammatory effects and is the preferred 

anlidiaiTheal for toxin-associated diarrheas. 
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Motility modi fieri must also be used with discretion for 
treatment of diarrhea. Hypomotdity rather than hypermotil- 

ity is the more likely abnormality, although noosi moiility 
modifiers cause hypo motility Among the motility modifi¬ 
ers. optonl drugs such as loperamide are more likely to 

increase segmentation and thus provide resistance to out¬ 
flow Most of the motility rood diets (both opioids and 
anticholinergics) we more likely to be effective. however, 
because of then effects on electrolyte secretion {decreased) 
and absorption {increased) in the intestinal tract. Of the 
motility modifiers, the narcotic or opioid derivatives are 
preferred for short-term use as long as toxins, drugs* or 
obstruction has been ruled out Anticholinergic motility 
modifier* are reserved for psychogenic causes of acutr diar¬ 
rhea * 


Viral Enteritis 

There is no specific treatment for diarrheas of viral origin. 
Fluid therapy* electrolyte replacement, and antiemetics are 

indicated, depending on the severity of clinical signs. 
Among the viral causes of diarrhea* canine parvovirus 
stands out for its severity anti lifedhreulenmg nature. Sup¬ 
portive therapy centers around the intravenous administra¬ 
tion of balanced electrolyte* (e..ju lactatcd Ringer's solu¬ 
tion i with potassium replacement. Glucose may be added 
when indicated by clinical signs consistent with septicemia. 

Damage to the mucosal harrier and risk of bacterial translo¬ 
cation should he treated wuh parenteral antibiotics. Antibi¬ 
otics should target both aerobes and anaerobes Escherichia 

i oii was identified us an organism associated with septice¬ 
mia in canine parvovirus (Isogai* 1989: Turk* 1990:-.. how 
ever, Clostridium perfemgem mu) also play a role (Turk, 
1992). Because of the life-threatening nature of sepsis. 

combination therapy with a beta-lactam tamoxicillin, ceph¬ 
alexin) and an aminoglycoside (gentamicin, amikacin) is 
recommended Vomiting and the life-threatening nature of 

the illness preclude oral administration of antibiotics. Ccfti- 
ofur has been used by some clinicians; however* its limited 
spectrum and lock of safety studies in dogs and cats should 
lead to caution in its use for treatment of parvovirus- 
ialed bacteremia. In less severe infections, trimetho- 
prim-sulfonamide and chloramphenicol may he considered. 
Fluonnated quinolortes should be avoided if possible be¬ 
cause of the risk of cartilage defects in young* growing 
animals Because fluid therapy is likely to be intensive in 

these patients, increased volume of distribution should lead 
to higher doses of antimicrobials Treatment of septic shock 

may include glucocorticoids or flimwin meglumine These 

drugs can ameliorate some of the negative sequelae re¬ 
sulting from endotoxemia. However, their benefits are more 
likely to be realized within 4 hours of the onset of endotox- 
cmiu. ShiH‘k dose* of glucocorticoids should he used. Con¬ 
troversy regarding the use of flummn meglumine centers 

primarily on the risk of gastrointestinal damage. However, 
damage is generally so severe at the time of dime ill presen 
tati<m that it i* reasonable to assume that tbe use of a 
single dose of flunixin meglumine is not likely to contribute 
to further damage. An additional benefit of flunixin meg¬ 
lumine is its potent visceral analgesic effect. Dogs, suffering 
from parvovirus are often in great pain* and! opioids should 


not be used mi these patients because of their anz idiarrheal 
effect’s,. Flunixin meglumine can pros ide marked analgesia. 
Although currently experimental* compounds targeting 
endotoxin may prove to be- an important adjuvant to pa¬ 
tients suffering from sepsis. Examples include endotoxin 
scrum or a bacterial Toxoid [Salmonella typhimurium: 10 
mLAgjt The latter is commercially available. Transfusions 
with fresh whole blood or plasma can be beneficial in 
some dogs, particularly those Thai are hypoproteinemic 
or anemic. 

Treatment of diarrhea associated with parvovirus is not 
indicated. Until the mucosa has had time to heal, drugs arc 

not liklcy to be effective. 

Bacterial Enteritis 

The role of antimicrobial therapy in ihc treatment of diar¬ 
rhea should be closely critiqued. Bacterial infection ls not 
a major cause of diarrhea, nor does infection appear to 
perpetuate small intestinal diseases. More important, use of 
antimicrobials does not appear w improve the course of 
most acute diarrheas. Antimicrobials fneomycin, ampicjll- 
lln| may. in fact, worsen diarrhea, j^criiaps because of 
suppression of normal microflora. Use of antimicrobials 
fur treatment of diarriica should be- based on a diagnosis 
of intestinal bacterial infection (overgrowth)* or in cases 
of mucosal damage sufficiently severe to allow bacterial 
translocation. In the latter case, clinical signs generally 
include hemorrhagic diarrhea, fever, and abnormal white 
blood cell counts. Systemic antimicrobial therapy is indi¬ 
cated for bacterial translocation. 

Despite the low incidence tless than 49t of cases of 
acute diarrheaju bacterial infections have been associated 
with both acute and chronic enterotoxigenic diarrhea of 

both small and large intestines. Diagnosis and antibacterial 
treatment are best based on culture and susceptibility data 
when possible, Most likely therapy for each of the infecting 
organisms i* enrofloxacin* trimethoprim-sulfonamide com¬ 
binations, and chloramphenicol for Salmonella., erythromy¬ 
cin* enrofioxaem* furazolidone, doxycycline, neomycin* 

clindamycin, or chloramphenicol for Compyk*bacu r jt jutti; 

,i prolonged course of trimethopiim-sutfonamkie combina¬ 
tions, tetracycline, or chloramphenicol for Verrmfo entent- 
tvdirfou (prognosis is guarded): metronidazole for Clostrid¬ 
ium difficile, and amoxicillin, ampicillin, melronidazole, 

tylusin* or clindamycin fur Clostridium perfringew and £ 
< oii (based on culture and susceptibility i Many drugs are 

likely to be effective* including trimethoprim sulfonamide 

com hi natii ms cnrofloxaciit. and chloramphenicol. Ban Hus 
pififomis (Tyzzer's disease) is a less common although 

rapidly fatal cause of acute hemorrhagic enterocolitis. 
Salmon poisoning (Neoricketisiti helminihoceca or elkomt- 

nim ) is an endemic* fatal cause of dUrthcu .in dogs in 

the Pacific Northwest. As with other rickettsial organisms, 
tetracycline (oxylciracycline, doxycycline) is the treatment 
of choice. Oral therapy Un the absence of vomiting) in¬ 
cludes tetracycline, chloramphenicol* sulfonamides, and 
penicillin* Therapy should continue for 2 to f weeks: the 

nematode vector tan be treated with fo nbendazolc for 10 

to 14 days (50 mg/kg. once daily'', Because bacterial infec¬ 
tions ax a cause of diarrhea are often associated with 

some type of toxin production, motility modifiers should 
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cholincrgics and sedatives (c.g„ cblordi azepoxide arwl didi 

&ium) also may prove Useful, 

EnIcn^toxicosis assiv. Lana! with Clostridium petfringeru 

is emerging as a cause of large bowel diarrhea primarily in 
dogs but potentially in cals as well. Diagnosis is based on 

a reverse lalcx agglutination lot available in many human 
laboratories. Acute treatment includes metronidazole„ am- 
piciJlin, uf amoxicillin. rylosm rnay be effective foi eases 
requiring long-term treatment High-fiber diets (or psyl¬ 
lium) may also be helpful. Other bacterial diseases of die 

large intestine were discussed as causes of diarrhea in the 

small intestine. 

Trichomoniasis k caused by Kmwmtfha hn:t>lyiicu and 
ttafontidivm ntli. protozoal organisms exsociaied with diar¬ 
rhea of the large intestine in dogs and cals. Treatment of 

trichomoniasis was delineated in the section on diseases of 

the small intestine. Treatment of amebiasis is similar to 

treatment of giardiasis. Treatment of 8 rWr infection has 

not been delineated in animats but bused on the response 
in humans might include flic use of Ectnicyd i ncs or mclio 
nidazole, 

Mtgucotoo Initial medical managL-mcnt ut mcgaculon 
associated with mild constipation should include laxatives 

such as bi&acodyl or docusate sodium suppositories, \% 

constipation progresses to obstipation enemas and evacua¬ 
tion under general anesthesia are implemented. In severe 
cases, broad-spectrum antimicrobials may he indicated to 
decrease the potential for hacierial Iran situation across the 
damaged mucosa. Uutg-torm medical managemeni should 
he accompanied by dietary management, Laxatives and 

periodic enemas are indicated. Prokinctics such as cisapride 

have had vaitabic success but should be tried, With the 
removal of cisapride from the market, prokiitenc choices 
arc limited. Lry thmmycin demonstrated a pnokinctic effect 

on colonii motility but did provide a clinically evident 
benefit in human patients with postoperative colonic ileus 

(Smith, 2000) 

Inflammatory Bowel Disease 

Inflammatory bowel disease (JBDl is characterized by in¬ 
filtration of mllammatory cells in the gastric and/or intesti¬ 
nal mucosa Willard* HW5). the eause ot the infiltration 
often s,annot be identified, bui it is likely that antigens u< 
which (he gastrointestinal tract sue exposed (e.g., food. 

micrtxifgamsjiis* or parasitesi .ore important in some cases. 

Diseases such as canine and Bascnji enteropathy may ap¬ 
pear histologically as IBD, I he type of predominating cell 
(lymphocytic, plasmocyric. eosinophilic, or histocytk} that 
causes inflammation can serve as a basis of the 

classification—and to some degree, treatment—of IBD. 
Thus, proper treatment portly depends on a cytologic de¬ 
scription of the inflammatory process. For example, eosino¬ 
philic infiltrates generally respond to dietary management 
alone. Unfortunately, IBD is a diagnosis of exclusion and 
is made after other causes ol inflammatory disease of the 
gastrointestinal tract have been ruled out. Food allergies 
or intolerance, infections by fungal, bacterial, or parasitic 
organisms, and neoplasms must be ruled out,, Associated 

clinical signs of IBD in eais that may require medical 
management include vomiting and. to ■ Iesscr degree, diar¬ 


rhea Hematocbem may be present wtLh colitis Diarrhea 
is the. primary presentation of IBD in dogs. Vomiting occurs 

less commonly with gastric and enteric IBD; hematochczia 
occurs consistently in colitis- Anorexia and weighi loss 
occur to variable degrees in IBD. 

Initial medical management may vary with the severity 

and length of disease, tn dogs, particularly* elimination of 
an ini taring diet and antibiotic-res pun&ivc causes might be 

considered prior to biopsy. Tins is best accomplished by a 

well-designed clinical trial in the patient. Feeding the ani 
maJ ai elimination or high-liber diet (particularly for co¬ 
lonic disease) might be considered first. Antibiotic therapy 
is intended to resolve bacterial overgrowth that might be 
contributing in (lie inflammatory process and thus be mim¬ 
icking IBD Therapy for overgrowth in the large intestine 
should target clostridial organisms (mciremktazolr or ampi 
cillinh whereas broader spectrum drugs (lylosin* ampicil- 
bn) should be used for small intestinal disease. (losrndutm 

pet frmgens overgrowth in the small intestine may be diffi 
cult to detect; drug therapy that targets this organism in¬ 
cludes tylosin and ampicillin. 

Use of glucocorticoids should be reserved for animals 
in whom biopsy has confirmed a diagnosis of IBD Indis¬ 
criminate use of glucocorticoids can be dangerous* particu¬ 
larly in arca& in which fungal causes of gastrointestinal 
disease are not uncommon. In addition, use of glucocorti¬ 
coids in patients with gastrointestinal lymphoma may ren¬ 
der the neoplasia resistant to further glucocorticoid therapy 
used as part of a combination antineopLastic regimen. Glu¬ 
cocorticoids are indicated in dogs and cats with lympho- 
cyiic-pla&macytic IBD, Prednisolone (2.2 mg/kg/day 

orally) should result in clinical response within I to 2 
weeks. Therapy should continue at the same rale for on 
other 2 weeks (beyond clinical response) and then slowly 
be tapered. More severe cases of IBD or cases that do not 
initially respoml to prednisolone may respond to dexameth- 

asone (0 22 mg/kg/day orally) The development of multi- 
drag resistance has been implicated as a cause of therapeu¬ 
tic failure with glucocorticoids in some human patients 

with IBD; expression of mucosal muhidrug resistance may 
ultimately be used to determine response of IBD patients 
to therapy t Farrell 2000) Metronidazole therapy in con¬ 
junction with glucocorticoids is indicated not only for its 
anti hacierial effects bui also because n appears to have 
immunomodulatory capabilities; indeed, this may explain 
why o may be effective as the sole therapy m some cases 

of IBD* 

Animals that continue to be unresponsive to medical 
management of IBD may respond to azathioprine (0.3 mg/ 

kg every other day. orally in cats: 2*2 mg/kg/day in dogs), 
Response may lake up to 5 weeks. Serum albumin levels 
can he used a monitoring rind in animals with protein- 

losing enteropathy. Side effects of azaUnoprine are suffi¬ 
ciently severe that a diagnosis of severe IBD should be 
confirmed (based on biopsy) prior to its. use. White blood 
cell counts should be monitored weekly and the drag tem¬ 
porarily discontinued if neutrophil counts drop below 
2000/pi. 

Sulfasalazine (20 rug/kg every 12 to 24 hours orally in 
cals; 5ft mg/kg/day divided every H to 12 hours in dogs) 
may also he beneficial in cats and .dogs with IBD, Response 
may fake 1 to 2 weeks As a sulfonamide, sulfasalazine 

may cause immune-mediated diseases ascribed to other 
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storage disease. These induck penicillamine < 10~ 15 mg/ 
kg orally 30 minute* before a meal, every 12 hours: start 

wuh a lower dose and increase after the first week), and 
for animals that cannot tolerate D-pen ic i I Lamine„ trientine 

(2.2,2-teLramine, 10-15 mg/kg orally twice daily). In Bed 
I in gin n terriers with copper he palo toxicosis, 2,3.2rtc- 
tram me (7.5 mg/kg orally every 12 hours) ma> he used in 
lieu of trichtinc (and may result in greater copper elimina¬ 
tion), bui the drug must be reformulated. A more controver¬ 
sial treatment for copper storage discusc focuses on ik* 
creased absorption of copper in the diet by treatment with 
zinc acetate '5 10 mg/kg or 100 mg for the first 3 months 

and 50 mg thereafter orally every 12 hours, 1 hour before 
each mealy This treatment should be started at a young 
age. before hepatic accumulation of copper has occurred 

Monitoring plasma zinc concentrations every 2 to 3 months 
has Sheen recommended to assure therapeutic concentrations 
and t« avoid toxic concentrations of zinc that might lead. 

to hemolytic anemia (therapeutic range of zinc is 200 to 
500 fig/dL; higher than 1000 pg/dL is considered toxk). 

Suppression of hepatic inflammation in chronic liver 
disease n problematic hut critical if the progression of 
chronic to cirthokic disease is to be halted Underlying 
causes should be identified and removed, Hepafu: damage 
by drugs often is reversible if the drug is discontinued 
before fibrosis has occurred. Drug-induced hepatic disease 
is often dose and duration-dependent meaning that the 
risk of toxicity increases with higher doses. ! plasma drug 
concentrations) and long term therapy. Hence, single doses 
or short-term therapy with a hepatotoxic drug is not likely 
to lead to chronic hepatic disease. Drugs most commonly 
associated with chronic liver disease in dogs were dis¬ 
cussed m Chapter 3. Anticonvulsants {primidone, pbecuv 
barbital, and phenytoin) and heartworm preventative (oxi- 

bendazofe dicthylearbamazine) are among the most 

commonly used drugs associated with hepatic disease. 
Identifying ihe role ot infection as a continued cause of 

liver disease may he difficult However, with the exception 
of ascending chronic cholongiohepatifo. bacteria] infection 

as a cause of chronic liver disease is uncommon. Because 
the liver is weJJ perfused, any antimicrobial with a good 
granwbdgmive spectrum should be effective. However, as 
disease progresses and fibrosis deposition occurs, dings 
that are mote lipid-wluhle should be considered ■ see Chap¬ 
ter K), 

Idiopathic chmnic hepatitis {chitmic active hepatitis i»r 

chronic active aver disease) is generally detected by in¬ 
creases m serum alanine transferase activity (greater than 
1(1 times normal) and alkaline phosphatase activity (greater 

than 5 times normal l. Biopsy should pros idc a confirmation 
as well as a histologic description upon which therapy and 
response to therapy can hr based. Inflammation u mj»!J y 
is controlled with immunosuppressant dregs: evidence of 
piecemeal itccruifo bridging necrosis, and fibrosis indicates 
their need. Prednisultme (I- 2 mg/kg orally a day) should 
be administered until clinical remission occurs n generally 
7 to 10 daysj and the dose then gradually tapered (decrease 

every 10 days) until a minimum effective dose has been 

established. Clinical si pis. clinical pathologic changes (at 
I- to 2-week intervals), and ultimately a repeat hepatic 
biopsy i m 2 to ( months) should be monitored for response 
to therapy. Note that glucocorticoids can increase reram 


bile acids, and the failure of these to decrease is not 
necessarily indicative of continued damage. More aggres¬ 
sive imnfiunotiiippreuive therapy is implemented if gluao- 
corticchds cannot be tolerated or if the progression of 

hepatic disease cannot be hailed with glucocorticoids, Aza- 

thiuprinc therapy is initiated (2 mg/kg/day or 50 mg/m 
orally given every day for 7 days, then every other day), 
with prednisolone therapy continued for the first 7 days 
and then alternated with u/aihioprine thereafter. Weekly 
white blood -cell counts should be performed to detect 
hone-morrow suppression by azothioprine; therapy should 
be suspended for 5 to 7 days- if -the neutrophil count drops 
below 21XX) ce 11 s/^L or the platelet count below 50,000/ 
pL. Lymphocytic or sclerosing cholnngilis/chulangiohepft' 
tills in eats may also respond to glucocorticoid therapy <2.2 
mg/kg orally a day). 

Ursodeoxycholic acid has proved beneficial in both dogs 
and cals with chronic liver disease, particularly if it is 
associated with a significant cholestatic component. The 
dose in patients wdh chronic hepatitis (8 to 10 mg/kg) is 
less Than that in patients with primary biliary cirrhosis or 
sclerosing cholangitis (10-15 mg/kg/day l. Note thal more 
studies are needed to describe the clinical efficacy of urso¬ 
deoxycholic .acid in dogs and cats. The -drug appears to be 
safe; cats showed no evidence of adversity when dosed 
with K) mg/kg orally for 8 weeks, Dehydrocbolk acid 
(10=15 mg/kg orally every 12 hours) has also been recom¬ 
mended in cats, with cholangiohepatitU and "sludged bile." 

Note, however, that less evidence is available to support 
the efficacy of this bile acid -and that it is among the 
lipid-soluble and thus potentially hepatntoxic bile acids. 

Ascorbic acid (25 mg/kg/dav orally) has been suggested as 
supportive therapy in dogs with chronic hepatic disease 
because the liver is less able to produce this vitamin. Zinc 
therapy has also been suggested to reduce copper deposi 
lion in the damaged liver. 

For paumis in whom the progression of disease cannot 
be halted, and, specifically fibrotie tissue deposition contin¬ 
ues, aniilihrotic drugs can be considered. Prednisolone pro¬ 
vides some prevention of collagen deposition. Colchicine 
appears to improve (histologically) the progression of cir* 
rhosis in human patients, but evidence is lacking in dogs 
because of Lack of controlled Inals, Adverse reactions have 
mu been reported in tk*gs receiving colchicine (0.03 mg/ 
kg/dav orally) for 6 to 31) months. 


Sequela? of Chronic Ltver Disease 

Management of gastrointestinal ulceration was previously 
discussed, As disease progresses, the likelihood of ulcer¬ 
ation increases not only because of impairment of the 
mucosal bamer bui also because of increased risk of bleed¬ 
ing due to coagulopathies. Bleeding into the gastrointestinal 
iraci increases the risk of hepatic encephalopathy. Treat¬ 
ment of hepatic encephalopathy was discussed under acute: 
hepatic failure. 

Control of ascites cm be difficult with chronic disease. 

Fluid accumulation is more likely to reflect increased so¬ 
dium and wafer retention (stimulated by portal hyperten¬ 
sion) rather than deL reused albumin, although hypoalbumt- 
ocmia may contribute to ascitic fluid formation. Dietary 
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RENAL PHYSIOLOGY AND DRUG THERAPY 

Extracellular Fluid 

The ph>smlog) ol body fluids and the role of the kidney 

life also addressed in Chapters 5 iind C9. The amount of 

extrac'dlular fluid (ECF) present is determined primarily 
by total body sodium content because sodium is the major 
constituent of ECF and because unlive transport mecha- 
nhmx control intracellular and cxtraceUulai compartments 

(Jackson, 1995 k Control of ECF involves cardiovascular, 
renal * and central nervous systems so closely integrated 
that failure of one system is compensated for by another 
of the systems, thus ensuring that salt and water excretion 
remain appropriate even when changes n blood pressure 
occur. Compensation includes changes in renal blood flow 
caused by autorcguluiory changes in renaJ efferent arterio¬ 
lar resistance. Regulatory medianisim adjust both short- 
term and tong-term sodium and water transport rates. Thus* 
small increases in mean arterial blood pressure can cause 

a marked increase in sodium excretion, changing total body 
sodium (Jackson. 1995)* Yet* if sodium balance becomes 
negative, a>- Ik sodium concentration in the ECF decreases, 

dn tst and water intake decrease accordingly such that ECF 

sodium concentration normalises. A positive balance docs 

the opposite, resulting in an increase in water intake These 
integrated systems maintain a sodium and water excretion 
that equals that of intake minus any lost through nonrcnal 
mechanism* <c.g,» feces, sweating>. 



The proximal tubules ore respnnsihle for of the so¬ 
dium and glomerular filtrate reabsorbed by the kidney. The 
primary pathway of fluid and electrolyte ^absorption in 


the renal tubule begins in the lumen and progresses through 
the cell and interstitial fluid lo flic capillary. Two water- 
permeable membranes arc passed during this process. In 
‘.he proximal tubule, active sodium ion reabsmpiion from 
the lumen generates an osmotic gradient in the lumen that 
leads to an almost simultaneous movement of water into 

the cell. Sodium reabsorption that begins with entry across 

the lumirsal membrane continues with movement across the 
bawl ate naJ membrane into the interstitial space iFig. 28— 1 j_ 
BasolateraL movement is the energy-dependent process* 

fueled by an No/K dependent ATPase located on the baxo 
lateral membrane lire exchange rale of two k * for each 
three Na + entering: the interstitial fluid provides an electro¬ 
chemical gradient that favors passive entry of Na from 
the lumen into tlte cell. Tlte concentration gradient gener¬ 
ated by the basolmeral movement determines the rate of 
sodium movement from the lumen Chloride land to a 

lesser degree ocher unions-j follow sodium* maintaining 
electroneutrality of (lie reabsorbate and a slight clectroncga- 
tiivity of the cell compared with the luminal contents. The 

concentration gradient also favors passive movement of 
potassium from the interstitium imo the cell* where it is 
used to continue the Na-K exchange. Although movement 
of sodium from the lumen into tire tell is passive ialbeit at 

the cost of an active basotateral efflux)* sodium rcabsorp- 

tion into the cell is facilitated bv three additional entry 

W - - ... - “ # 

mechanisms: diffusion with chloride (quantitatively the 

most important), cotransport with uncharged or acidic 

anions, and countertranspon with hydrogen ions (important 
to ocid-base regulation and Ihe sue of carbonic an hydra** 
action |* Although transport of sodium, water* and other 
eleclrolyies raises interstitial pressure, movement into peri™ 

tubular capillaries facilitates continued rcabsorption. Bicar- 

hooate processing also occurs in the proximal tubule (see 
later discussion). 

Unlike the proximal tubule, celh of the descending limb 
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1 1 llM ta liHip of Henle do nut appear to be equipped with 
specialized transporting systems. The cells arc re I lively 
impermeable 1 0 sodium, chloride, and potassium but are 

permeable to water Water moves from the lumen into the 

mtcrvutmm, causing electrolyte concentrations to progres¬ 
sively increase in the lumen until a maximum .5 reached 

at the bend. Diuretic drugs do not appear to be active in 

the descending portion of the tubule. In ‘the ascending limb 
of the loop, chloride is transported “uphill." achieving 
intracellular concentrations thai are higher than predicted 
(based on tbe Nemst equation) (Okusa, 1998), Chloride 
movement occurs by an Na (downhill). K' -20 (uphill) 

c< (transport system, with Na T .K * - ATPasc in the peritubular 
membrane providing the energy source. The high ininice]- 
lular chloride concentration facilitates movement of chlo¬ 


ride into the iniemitwm, The ion transports m the as¬ 
cending loop of Henle are critical for pro|*er function of 
the countercurrent mechanism in the renal medulla. The 
ascending loop of He ale tubule is not permeable 10 water. 


and fluid in the lumen becomes progressively diluted i Fig 


-1 


2$ 2). About 2Sr* of sodium-chloride rcatoiurpbun and 

of ptvtassium rcahsorption occurs in the ascending 
Itnip of Henle. although only about I5^r of the filtrate is 
reabsorbed in this region (Oiusa, 1998). In contrast to the 
proximal tubules, Na * 41 exchange does not appear to 
occur in. the loop of Henle. and little if any bicarbonate is 
processed. 

Reabsorption of water and electrolytes in the distal 
tubule and collecting ducts is variable. Sodium and chloride 
arc reabsorbed against a concentration gradient. Because 
the early distal tubule is impermeable to water, an unfavor¬ 
ably concentration gradient is generated that limits (he 
effectiveness of a sodium pump. Sodium and potassium 
contents in the urine are closely regulated by jui aldoste¬ 
rone-sensitive mechanism in the d «al late tubule (sec Fig. 

28-2), Aldosterone signals the synthesis of a protein that 
inereasc-i the sodium and potassium permeability of the 
Luminal membrane. As sodium moves in. potassium sirnuF 
i.ineoush* moves from the i rite ret ilium into the cell Electro- 


gcnic movement of sodium into the cell causes an electro¬ 
negativity in the lumen that attracts potassium from the 
cell. Whether potassium is reabsorbed or excreted re deter¬ 
mined primarily by plasma potassium, which in turn tends 

to depend on dietary intake (Ohm, 1998), 

In die medullary collecting ducts, only small amounts of 
sodium chloride and potassium are reabsorbed Antidiuretic 

hormone increases permeability of the cell membrane lo 

wafer, which moves from the lumen, following the pre¬ 
viously established medullary osmotic gradient. Less than 
5hr of filtered sodium is reabsorbed in the distal tubule and 
medullary collecting system (Okurn 1998}. 



Hormone 


Atrial natriuretic hormone (AbiHk a ^natriuretic factor" 

first described in 1984, is involved in the control of ECF. 
It re synthesized from *1 pro hormone and stored as a peptide 
in granules in atrial myocardial cells. Concentrations in 
crease at* ivc baseline when the ECF expands, blood pres 

■sure increases, or dietary salt intake increases Renal blood 
flow and glomerular filtration are subsequently increased. 
Sodium excretion also increases, presumably by a direct 
tubular action- Peripheral vasodilation can result in de¬ 
creased blood pressure. Effects, occur rapidly but are not 
■sustained, suggesting that AMH is a mechanism that can 
store equilibrium rapidly tOkusa. 1998). 

Reduction of ECF h beneficial in conditions associated 


with inappropriate fluid retention such as selected cardiac, 
renal, and liver diseases. Although the cause of ECF expan¬ 
sion differs in each disease, the commonality is salt and 
water retention. Because sodium h tbe primary cationic 

constituent of E('K sufficient renal excretion of sodium 

ultimately reduces ECF, 



Therapeutic Use of Diuretics 

Three strategies exist for movement of inappropriate fluid 

accumulation (edema): correct Min of the underlying disease 
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(often mu possible), restriction of dietary m other sodium 

intake, and uduuakslraliun of diuretic!.. Of lKcm'. dtunsiics 

remain the cornerstone for [re at mem of edema or volume 

overload (Jackson. 1995 ). Although diuretics increase the 
rale of urine furmaiion. their therapeutic indication'- include 
maintenance of urine flow; mobilization and reduction of 
inappropriate F.CF slorcs such as that manifested as edema 
or ascites; correction of specific ion imbalances; reduction 

in the rate of intraocular fluid formation; reduction of blood 
pressure: and reduction of pulmonary capillary wedge pres¬ 
sure (Oku so, 1998). 


and include eta Erogenic passive diffusion (proximal and 

late distal tubule anil collecting system); exchange with 

hydrogen (generated hy the actions of carbonic anhydra.se 
and bicarbonate reabsorption; proximal and late distal tu¬ 
bule ami collecting system I; cotransport with glucose, or- 

ti a n i c a c ids „ p hosph at e i pro \ i m a I tu bu I e): re ab sorpt ion. 
along wiLh chloride reabsorption (Sale proximal tubulek 
and eotrumpurt with chloride and potassium (thick as¬ 
cending limb of the loop of Henle. resulti in formation of 
medullary interstitial hyranttmoUrity )* 


Targets of Diuretic Therapy 


Diuretics are dxssdied by their mechanism of action and 

include the loop diuretic*, carbonic anhydrasc inhibitors, 

thiazides, osmotic diuretics, and potassium spanng diuret 

ics ig. 28-3; Table 28-1). Rational selection of diuretics 

relies on an appr« iation of their mechanisms of action 
With the exception of the osmotic diuretics and carbonic 

anhydrasc inhibitors (the latter targets sodium bicarbonate), 
each class targets sodium oi chloride rcabsorption of Tabu¬ 
lar cells, effectively preventing the establishment of the 
normal ion gradient by renal tubular cells ;Oku&& 1998: 
Jackson. 1995; Gross. 19951 Diuretics that increase net 


urinary excretion of sodium chloride or sodium bicarbtmaie 

also are referred to as natriun tu . The efficacy and use of 
each class of diuretics varies with their site of action and 


the nice Jims sin by which sodium ^absorption is inhibited. 
Tine medium sins vary in local ion within die renal tubule 


Principles of Diuretic Therapy Use 

Several principles can guide diuretic therapy {Ward, 1997 1 : 
(1) The pattern of electrolyte excretion varies with the 
class of diuretic. 12) Maxima) response is limited by the 
site of action of the diuretic and will be ibe same within a 
cbm of drugs. Thus, assuming drug delivery to the site of 

ad inn has been appropriate, failure of a diuretic in one 

class is likely to reflect failure of another drug in the class, 

(3) The combination of two (nr more) diuretics each from 

different classes iwith different mechanisms of action) 

should cau.se additive and may cause synergistic effects 

(Okuxa, 1998). 

When used to reduce ECF volume, ihc selection of the 
most appropriate diuretic should be based on the cause of 

ECK volume retention. Diuretic selection for the patient 

with acute renal failure also should take into account the 
ability of the diuretic to reach iIkt target tissue despite 
reduction in remit Mood flow. lire impact of the diuretic A 
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direct at indirect actions on systemic sequelae beyond 
decreased ECl- volume fi.e., metabolic acidosis, hypoka¬ 
lemia) should he considered. Several diuretic? also influ¬ 
ence renal physiology by virtue of their effects on renal 

viiscuiature and may be preferred during stale? of reduced 
renal blood flow Finally, several diuretics target physio¬ 
logic processes that are not unique to the kidney ft.t,. 
carbonic anhydrase inhibitors) and thus may be used thera- 
pcutteailly for reasons oibci than diuresis. 


factors Limiting Response m Diuretics 


Two types of tolerance to diuretic therapy have been de¬ 
scribed m human patients. Short-term tolerance, or ‘'brak¬ 
ing/ 1 occurs after the first dose and probably reflects a 
response to protect intravascular volume. Restoration of 

diuretic-induced loss of volume will resolve this type of 

tolerance Long-term administration of loop diuretics can 
cause tolcfaiKC that reflects hypertrophy of the distal nepto 

ran in response to prolonged exposure lo increased solute 


concentration Sodium reahMJrpliun increa-ses accordingly, 
decreasing diuresis. Because thiazides target regions of the 
nephron that hypertrophy, a combination of thiazides with 
loop-acting diuretics results .n a synergistic diuretic re¬ 
sponse in some bureau patients. 

Several ocher Factors may negatively impact response to 
diuretic therapy. Most diuretics arc present at physiologic 
pH as uncharged molecules or organic ions and reach the 

renal tubular cell by active tubular secretion. The degree 

of ionization can impact the rapidity with which drugs are 


transported to renal receptors. Declining renal Wood flow 

can preclude drug delivery lo the site of diuretic action. 

For drugs that must reach distal sacs (e.g., thiazides X doses 
may need to 'be- doubled in order to achieve a clinical 
response, for each diuretic, a threshold (in drag concentra¬ 
tion) mu si 'be reacted before diuresis will occur. Luck of 

response may reflect simply an underdose for that potienu 

and dose titration is indicated. With renal disease character¬ 
ized by proteinuria, many diuretics will remain bound to 

plasma proteins present in the tubular lumen .and thus will 

remain inactive. Administration of the diuretic with albu¬ 
min appears to facilitate response to diuretics in human 

patients with edema associated with the nephrotic syn¬ 
drome Resistance to diuretic therapy also may reflect die 
presence of another drug that decreases response. For ex¬ 
ample, nonsteroidal & can alter intrarenil prostaglandin reg¬ 
ulatory mcchanismsL, and a number of drugs compete for 
active tubular secretion of the diuretic into the tubular lu¬ 
men.. 

In addition lo their direct tubular effects all diuretics 
indirectly influence renal tubular function. Accommodation 
to the effects of a diuretic in a normal animal may result 
in the lass of any pharmacologic effect several days after 
the start of diuretic therapy. Response to any diuretic will 
be modulated by internal homeostatic mechanisms that 
normally direct body fluid volumes and osmolar concentra¬ 
tions. For example, if a diuretic fails to cause a net sodium 

excretion (such as occurs with mannitol k ECF contraction 

will increase the concentration of electrolytes, stimulating 

water intake and replenishment of the lust volume tOku^a, 
1998k Refractoriness io thiazides can develop rapidly due 
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to activation of salFreuiming mechanisms. F^ma (ascitesl 
as^kiiatoii with liver disease may not respond to diuretic 

therapy because signals from the cirrhotic liver indicate □ 
depleted rather than exaggerated ECF (Okuso, 1998). 

Finally, refru: ton ness to diuretic therapy may reflect 
pharmacokinetic changes. The tHtil bitiavaliability of some 
diuretics u .g„ fumsemidcl is quite variable in human pa¬ 
tients and unpredictable m the individual patient. Several 
different doses may need to he tried before the most effec¬ 
tive is found. Some diuretics (spironolactone, amiloridcj 
ane more effective after metabolism by the liver. Although 
the elimination halfdife of several diuretics n sufficiently 
long to allow twice dadv elimination (in human patients), 
severu! of the loop diuretics are characterized by m eliini- 

nntion half-life of 2 C*s 3 hours For such drugs the pharma¬ 
cologic effect is decreased once the drug is tu- longc? 
prevent. Rebound reubsorption of sodium by the nephrons 
has been described in such eases, suggesting that constant 

intravenous (IV) infusion may provide better response, 'In 
addition, in patients that are not responding well, small 
increases in diuresis in the presence of the drug potentially 

will be magnified to clinically significant increases if the 
response is continuous. 

Refractut mess to diuretic therapy can be approached by 
cafe rest (which may improve renal circulation), an in- 
crease in the dose of the diuretic, IV administration, the 
use of a more effective diuretic (such as a loop-active 
diuretic), or a decrease m interval such that the drug is 
present at the site for j longer period of time (constant 
infusion! For constant IV infusion, a loading dose (full to 

double dose should be given followed by a maintenance 
dose given each hour (Table 2ft--II. Continued refractori¬ 
ness should lead (o ihe addition of a second diuretic that 
works through a different yet complementary mechanism 
of action (eg.. thiazides with a loop-acting drugk 



Osmotic Diuretics 


For a solute to .act as an osmotic diuretic, it must be freely 

tillered at (he glomerulus, not be reabsorbed by (he renal 
tubule, and be pharmacologically and meiabo teal I y inert 
Mannitol is the most commonly used osmotic diuretic; 
others include urea, glycerol, and isosorbide As the con - 
centra lion of an osmotic diuretic increases in the renal 
tubular lumen, osmotic forces overcome ihe movement of 
water with sodium into the renal tubular cell Eventually. as 

water retention in the urine increases, sodium concentration 

decreases and passive sodium reabsoiption is reduced, So¬ 
dium loss is, however, relatively small, Although mannitol 
appears to work throughout the renal tubule, the principal 
site of action appears to be the loop of Hcnlc (Jackson. 

1995), Mannitol is distributed lo ECl and thus extracts 

water from intracellular compart me rttJ, increasing ECF» 
decreasing blood viscosity, and inhibiting renin release 

(Jackson, 1995). Renal blood flow increases, removing 
NaCl and urea from ihe renal medulla and decreasing renal 
medullary umjejiy Medullary tonicity also may be reduced 
further by a prostaglandin -mediated increase in renal med¬ 
ullary Mood How- Mannitol is nol absorbed after oral ad- 


n i in j strati on. In humans, it t% characterised by an elimina- 
hod half life of approximately I hour. 

The major adverse effect of osmotic diuretics is in¬ 
creased ECF t which can be detrimental in patients with 

pu l man ary ede m a or c ard i ac 1 a 1 1 ure H ypon atre m i a re 
sulung from water extraction causes headaches, nausea, 
and vomiting in human patterns (Jackson 1995). In con¬ 
trast, Joss of water in excess of electrolytes can cause 

hypernatremia and dehydration. Osmotic diuretics gener¬ 
ally are contraindicated in anuria of severe renal disease or 
in patient* that are not responsive to test doses. Mannitol 
and urea also are contraindicated for patients with active 
cranial bleeding. Glycerin (but not mannitol) can be metab¬ 
olized, causing hyperglycemia. 

Mannitol js mod commonly used to treat acute renal 
failure resulting from ar; acute reduction in glomerular 
liltrat on or acute changes in renal tubular pcrnicabiIity. 
Mannitol provides protection to ihe tubules in that it atlcnu* 

ates reduction in glomerular nitration rate (GFR) associated 


with acute tubular nephrosis if the drag is administered 
before an ischemic insult (Jackson, 19951. Efficacy (experi¬ 
mentally ), however, is documented only when administered 
before the toxin; clinical efficacy is less obvious. Mannitol 
is particularly indicated for treatment of toxic nephrosis 
because the concentration -of the toxin in the mine will be 
reduced by the osmotic draw of wtiler by the solute. In 
contrast to diuretics that act on tubular segments, osmotic 
diuretics usually maintain their effect in the oliguric stale 

that accompanies acute renal failure because they will 
continue lo be filtered by the glomerulus. If the lubular cell 
becomes permeable, however, as may occur with certain 

toxins, or prolonged tubular ischemia, the osmotic diuretics 
may lose their efficacy. Yet m patients with acute tubular 

nephrosis, mannitol may convert an oliguric patient to a 

nonoiiguric stale (Jackson, 1995). 

Mannitol is distributed to ECF and thus is not effective 

in movement of fluids from interstitial tissues. Extracellular 
fluid volume will initially increase and may prove detri- 
mcrtia] lo the pattern with decompensated cardiac function. 

Plasma osmolality increases after treatment with mannitol. 
Cerebrospinal fluid (CSF) and aqueous humor formation 
subsequently decrease. Intracellular edema will also be 

reduced; hence mannitol is used to treat selected causes of 
cerebral edema associated wilh increased intracellular fluid 
volume. Mannitol can he used to decrease brain mass 
before neurosurgery. 


Carbonic Anhydrase inhibitors 

Two types of carbonic anhydra.se arc located in the proxi¬ 
mal tubule, both targeted by carbonic anhydrose inhibitors; 
type II, located in ihe cytoplasm; and type IV, Located in 
the luminal and basolateral membranes (see Fig. 2ft-1), In 
the lumen. II" (generated from the N.V-H* transporter) 
reacts with HCGj’ to form ITCCT, which, in the presence 
of brush border carbonic auhydiuse, rapidly decomposes to 
water and CO : . The CCT rapidly diffuses into the tubular 
cell, where it reacts with water to form HjCO,. This reac¬ 
tion normally proceeds slowly hut is markedly accelerated 
by carbonic anhydruse in the cytoplasm, Because intraccT 

lular H* is low (due to Na' -l-T cotruruiport), ITCO, spun- 
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result from bi.Mli the direct effects ami the development of 

metabolic acidosis. Although carbonic anhydrase also is 

located in the gastric mucosa, only large doses of inhibitors 

reduce gastric acid secretion. Carbonic anhydrase activity 

m red blood cells will he impaired, causing an increase in 

CO, levels in peripheral tissues and decreased levels in 
expired air, Carbonic anhydrase can increase delivery of 

solutes to the macula densa. Tubuloglomeruiar feedback 
may be triggered, increasing afferent arteriolar resistance 
and reducing renal blood flow and GFR. 

Side effects of carbonic anhydrasc inhibitors arc not 
common. I urjjv doses may cause drowsiness. Because they 
are sulfonamide derivatives, side effects typical of sulfon¬ 
amides can occur Side effects can also occur due to urinary 
alkalimzation or metabolic acidosis. Hepatic encephalopa¬ 
thy can be induced as renal ammonia is diverted from the 
urine. Precipitation of calcium phosphate may cause calcu¬ 
lus formation. Respiratory or metabolic acidosis can be 
worsened. Carbonic unhydrose inhibitors are contramdi 
catcd in patients with cirrhosis or other causes of hepatic 
encephalopathy or conditions associated with acidosis The 
impact of carbonic anhydrasc inhibitors on urinary pH can 
reduce (he rale of excretion of weak bases (Jackson, 1995)- 

Aceiazolamide i< a potent, reversible inhibitor of car* 
borne anhydrasc. Its primaty indication in veterinary medi- 
cine is for the treatment of glaucoma with the intent to 
decrease aqueous humor formation. It is used less com¬ 
monly to control CSF formation in patients with hydro¬ 
cephalus or other causes of increased cerebral fluid pres¬ 
sure Aceiazolamide is characterized by some amrepileptic 
activity, although tolerance rapidly develops to this effect. 
Occasionally. aceiazolamide might be used to alkalinize 
the urine. Indications might be for selected causes of cry*'- 
Ulluria and to facilitate excretion of weakly acidic drugs, 
such as phenoburbi Ul T and salicylate Because its efficacy 
is self-limiting, combination with sodium bicarbonate may 
be indicated if persistent urinary alkalinization is desired. 

Aceta/olamtde is orally bioavatiable, with peak concen¬ 
trations occurring within 2 hours after administration. The 
drug is eliminated by active tubular secretion with some 
passive reabsorption. In humans, die drug is totally elimi¬ 
nated ill 24 hours The drug is relatively safe, although 
metabolic acidosis may occur but is usually self-limiting 
It! patients with hepatic encephalopathy, alkaline urine may 
increase the amount of urinary ammonia reabsorbed be¬ 
cause a greater proportion will be un ionized. This may 
result in exacerbation of neurologic dysfunction, and this 
drug should not be used for the patient with severe hepatic 
dysfunction Aceiazolamide decreases iodide uptake by the 
thyroid gland {perhaps similar to other" sulfonamide amibi* 
odes) and should be avoided in hypothyroid patients or 
patients undergoing thyroid testing. Whether the drugs can 
render a euthyroid patient hypothyroid is not known. Drugs 
(hat depend on urine acidity are Jess effective when used 
with acetazolamidc This includes urinary antiseptics sUth 
as rnclhenamine. which is rarely if ever indicated in veteri¬ 
nary medicine; efficacy of weakly acidic antibiotics might 
also be impaired whereas that of weak bases will be en¬ 
hanced . 

Thiazide Diuretics 

The thiazide diuretics, represented by chlorothiazide, were 

developed to enhance the potency of carbonic anhydruse 


inhibitors (Jackson, 19951, Although most do inhibit car¬ 
bonic anhydrasc to some degree, their efficacy as diuretics 
reflects their ability to directly inhibit sodium chloride 
cotranspoTt in the distal tubule, perhaps by competing with 
chloride for binding (Jackson, 1995). Newer diuretics have 
been developed that act at the same site as the thiazides, 
but are not thiazides; the term rhiazide-tike diunetit s is 
applied to iliese latter drugs. The primary site of action is 
the distal tubule (a site characterized by avid binding for 
thiazide diuretics) Although some action has also been 
described in the proximal tubule, this may reflect the weak 
carbonic «nhydrw action of these drugs. Compared with 
other diuretics, Ibe thiazide diuretics are less effective tit 
causing sodium excretion because close to 90% of reab¬ 
sorption of sodium from the urine has occurred by the time 
the distal tubule is reached. Because the tubular site of 

potassium secretion is distal to the site of thiazide action, 
potassium excretion is increased, and more sodium is reab¬ 
sorbed. Thiazides have variable effects cm calcium excre¬ 
tion with excretion det renting with chronic administration. 
ThiszidL’s cause magnesium excretion, ami die potential 

advent of hypomagnesta is being recognized in humans 

receiving thiazides long term {Jackson, 1995). 

The thiazides vary in their oral bioavailobility. with that 
of chlorothiazide being the poorest (10% bioavaiiable in 

humans). Likewise, the elimination haff-lifc of the drugs, is 

also variable, with that of chlorothiazide being very short 
(1,5 hours in humans) For hydrochlorothiazide, bioavail- 
ability (in humans) is 65%. whereas the elimination half- 
life is 2.5 hour* Thus, the duration of diuretic effect is 
quite variable. The potency also is variable, with chlorothi 
azide Id times more potent than hydrochlorothiazide Thus, 
dosses also are quite variable. The degree of protein binding 
varies among the drugs, and thus delivery to the kidneys 
via glomerular til (ration tiny be limited. Active tubular 
secretion of the drugs can- be antagonized by' probenecid. 

The thiazide diuretics are characterized by a wide safety 
margin, and clinical toxicity is rare. As with the loop 
diuretics, most serious tonicities reflect ovcrzcalous use. 
Volume depletion, hypotension, hyponatremia, hypochlorc- 
mia. hypomagnesemia, and hyperraicemia have been re¬ 
ported. Potassium depletion can be clinically significant, 
particularly in patients with primary or secondary hypei al¬ 
dosteronism, Oral potassium supplementation is indicated 
for patients that become hypokalemic. this is particularly 
important for patients receiving digoxin because the risk 
of digoxin toxicity is enhanced in the hypokalemic patient. 
Alternatively, the thiazides can be used in combination w ith 
a potassium-sparing diuretic Like the carbonic anhydra.se 
inhibitors, thiazides may exacerbate neurologic dysfunc¬ 
tions associated with cirrhotic liver disease. Thiazide* ap¬ 
pear to diminish the effects of insulin, particularly in "the 
hypokalemic patient, and! should not be given to patients 
with diabetes mellitus. 

Thiazides are involved in a number of drug interaction*. 
They can diminish die effectiveness of anticoagulants, tin* 
cnsuric drugs (tor treatment of gout), and insulin and may 
increase the effects of anesthetics, digitalis glycosides, lith¬ 
ium, and vitamin D. Thiazides do provide additive or 
synergistic effects when combined with loop diuretics. Ef¬ 
ficacy of the thiazides is decreased by nonsteroidal anti¬ 
inflammatory drugs and methenamine* (due to alkaliniza- 
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mer perhaps due to attenuation of response to renal prosta- 
glandins and the latter to competition for active tubular 
secretion. Id contrast* the thiazide* act syneigistically with 
furosemhlc to induce diuresis. The ncphroiox ic fS'teniial 

of olhct drugs ig.g.. cephalosporins, aminoglycosides} is 

enhanced h> fmwmute. Put rents that are allergic to sulfon¬ 
amides may show a cross reactivity to furosemide. 

Furosemide is used for a variety of indications (see 
Table 28 I). Note that its use For treatment of hypertension 
1 ^ ] mined to animals that have not responded to other 
therapies. Furuscmidc is used for a large number of causes 

of edema ]| is the ilrug id choice for the management of 
acute pulmonary edema* Ii- use in (he long-term manage¬ 
ment of sodium retention plight be postponed until other, 
less dTeciive diuretics become meffeaive. Edema associ- 
nied with the nephrotic syndrome appears to respond only 
to loop dime lies. For the pan cm with refractory edema. 
I'uroscmide can be combined with other diuretics, prefera¬ 
bly otic that is potassium sparing such as the thiazides or 
spironolactone. Doses much higher than normal may he 

necessary to induce diuresis in patterns with renal disease 
for two realms. First, renal tubular function is abnormal. 

and response lo furosemide may be impaired. Second drug 
delivery bu the site of acnon may be decreased. Proteinuria 
due to glomerular nephritis may also reduce (be efficacy of 
furosemide because it binds to proton in the urine Fhc 
massive doses necessary for acute renal failure may cause 
hepalotox icily. Once oliguria has been definitively estab¬ 
lished, fu rose nude therapy should bt discontinued. Because 
loop diuretics interfere with the kidney s ability to produce 
a concentrated urine, when combined with hypertonic sa- 
3me furosemide can be used to treat life-threatening hypo- 

natrenwi. 

THE USE OF DIURETICS IN SELECTED CLINICAL 
CONDITIONS 

Congestive Heart Failure 

The mtial diuretic selection for human patients with mild 
congestive heart fill lure is a thiazide: however, most pa¬ 
tterns will require a U*op diuretic. In human patients, the 
rate of oral absorption of diuretics is flowed, requiring 
longer to maximal response. Deli very of loop diuretics to 
their site of action is normal, and doses do not necessarily 
need to be increased unless ihcre ii evidence of renal 
insufficiency. Renal response to diuretic therapy may be 
decreased, however, requiring mon* exposure to drugs. 
Although a dose increase may be indicated, a decrease ;ti 

mierv ai may be more likely to cause a response. A thia/ide 
diuretic should be added to therapy if dietary sail retention 

coupled w iih a loop diuretic have not been effective. Atten¬ 
tion should he paid to ensure that hypokalemia and volume 

dcpleiion do not occur with this combi naiion Tlie use 
t?i spironolactone may increase as ils effects on cardiac 
remodeling are further described. 


Cirrhosis 

Ascites that accompanies cirrhotic liver disease general y 

reflects a state of hyperaldosieronisin ami subsequent so¬ 


dium and water retention. As Midi* in human patients, 
spironolactone is the diuretic of choice. Although rite 
amount of diuresis can be expected to be only moderate, 

tins is desirable because greater diuresis may negatively 
impact intravascular volume. In human patients, repeated 
large-volume paracentesis minimizes die need for more 

potent diuretics., The active metabolites of spironolactone 

allow once daily dosing, although 3 to 4 days must elapse 
before full pharmacologic effects are realized Insufficient 
response to spironolactone indicates the need for an addi¬ 
tional diuretic; spironolactone should be continued. For 
human pattenu, ,i thiazide is used initially, and a loop 
diuretic is used in place of the ihia/.ide only if response 

has been inadequate. The decreased response to a loop 

diuretic in & patient with cirrhosis is not understood but 

does not reflect decreased drug delivery. Rather, the tubular 
cells do not respond maximally. Although higher doses 
may be of benefit* decreasing the interval may fee more 
likely to increase response. 



Response to diuretics in patients with the ncphroiu. syn- 
drome may be less than ideal it bypoalbuminemia is suffi¬ 
cient to decrease binding of the diuretic (e g., <2 g/dLk 

Unbound drug will diffuse into tissues (i.e volume of 
distribution will increase), removing the d:ug from the site 
of action in the renal tubule In such patients, addition of 
albumin to the therapeutic regimen will increase response. 
Binding to albumin in tubular fluid also decreases response 
and is more likely to occur when wine, albumin ceocentro- 
itons exceed 4g/dL. Dose increases {twofold to threefold! 

may help compensate for increased tuhular binding of 

1 1ke diuretic. Because lufeules in patients with nephrotic 
syndrome may not respond as well as those in the normal 
patient* decreasing the interval also may increase response. 


DRUBS THAT ALTER 
WATER: ANTIDIURETIC HORMONE 




OF 


Amuliurtiu horrmw (ADHj is released by (he posterior 
pituitary in response to increased plasma osmolality lax 
little -is 2A, or 280 mOsm/kg) and depleted ECF volume 

(e.g,* acute causes such as hypovolemia, sodium depletion, 
and hemorrhage, and chronic causes such as cardiac failure, 
hepatic cirrhosis with ascites, hypothyroidism, and exces¬ 
sive uw of diuretics 1. Antidiuresis involves the hypothala¬ 
mus, ncurohypophysis. posterior pituitary, and kidney, Neu¬ 
rons tu' osmoreceptors haroreceptors. and higher cerebral 

centers stimulate the hypothalamus. Calcium-mediated de- 

granulation results in the release of ADI I as well as oxyto¬ 
cin and oilier mediators. A number of chemical mediators 
are also associated wiih the release of AHD, including 
angiotensin II* prostaglandins, and acetylcholine. Inhibitors 
of rcka;te include opioids, atrial natriuretic peptide* and 
y-animobutyrk acid* 

The uctiuns of ADH are receptor mediated. At least two 
receptors, have been identified. Both receptors are located 
in the kidney, although the specific tissue site varies. Glo¬ 
merular, vasa recta* and interstitial medullary receptors 
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MANAGEMENT OF ACUTE RENAL FAILURE 

Pathophys iology 

Acute renal failure results from a Midden, severe decline in 
renal function, which may be initialed by prerenal. retut], 
or pustrtnal causes Although several specific renal dis- 
eases can cause acute renal decompensation, in veterinary 

medicine acute intrinsic renal failure is most commonly 
caused by a nephrotoxicani or ait infectious or ischemic 
injury, lb, proportionately high blood flow and Large capil¬ 
lary surface area ip the kidney increase the organ's sensitiv¬ 
ity to blood-home Toxicants, Additionally, the sophisticated 

transport mechanisms, intensive metabolic activity and re¬ 
fined concentrating mechanisms found in renal tubules in¬ 
crease the Likelihood of toxic iajuiy Glomeruli, too, are 
susceptible lo direct destiwetion and immunologic injury. 
The most common nephmtoxicanhi encountered in veteri¬ 
nary medicine are ethylene glycol and therapeutic agents 

such .-is aminoglycosides, amphotericin R, cisplatin, radio- 
graphic contrast agents, and analgesics. 

Ischemic injury may result from any insult that compro¬ 
mises perfusion of afferent arteriolar blood flow. Hyjxifner- 
fus ion from shock, dehydration. or hypotension is line- most 

common mechanism of renal ischemia. Traimi. anesthesia, 

cardiac output failure, and persistent vomiting or diarrhea 

are potential ischemic events encountered In small animals. 

Thrombosis, hyperviscosity, and polycythemia are .addi¬ 
tional. lew common disorders that interfere with renal 
Wood How. Angiotensin-converting enzyme (ACE* inhibi¬ 


tors {captopnf enalapril, ti si nopri l) t widely used :n the 

management of congestive heart failure in dogs, inhibit 

production of the vasopressor angiotensin II. In the glottwr- 
uhiv angiotensin It blockade pneferertfUUy dilute* efferent 
arterioles, which may lead to Loss of glomerular capillary 
pressure and reduction in glomerular filtration (see Chapter 
TO), The vasodilatory effect i* most prominent in diseased 
or poorly perfused kidneyi and can lead to progressive 
azotemia or overt acute renal failure in treated patients 
iToco. 1994; Longhofer * al„ I9W). 

Tic administration of nonsteroidal Anti -in.iJimfti.atOf) 

agents (NSAIDs) may inhibit vasodilator? prostaglandin 

production in the kidneys. The effect of NSAlDs is mini¬ 
mal in healthy kidneys but can be devastating when super¬ 
imposed on marginally functioning kidneys, hypovolemia, 

or other vasoconstrictive states (anesthesia, surgery, sepsis, 
heart failure, liver failure, nephrotic syndrome) (Murray 
and Brater, 1993 ). Tn these disorders, renal bkiod 5ow and 
glomerular filtration rate become increasingly dependent 
on prostaglandin synthesis; administration of NSAlDs can 
precipitate renal ischemia and failure Many systemic dis¬ 
eases increase the risk of acute renal failure by ischemic or 
vascular mechanisms. Thc\e disorders include pancreatitis, 
hepatic failure, heat stroke, disseminated intravascular coa¬ 
gulopathy, rickettsial disease, and bacteria] endocarditis 
(Forrester and Lee*, 1995). 

Both toxicant and ischemic insults to nephrons lead 
io impairment of cellular transport mechanisms, cellular 

swelling, and death. Cellular hypoxia and intracellular cal¬ 
cium overload lead to additional membrane damage and 
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ifiygca it l c rihlLcal fun tuition. Vyi^uldi congestion and 
uibul.tr obstruction result from cellular swelling and act us 
Common mechanisms perpetual mg renal ischemia and renal 
fin Jure (Lane ct iiL 1994). Therapeutic measures employed 
in acute renal failure attempt to support renal excretory 
I unction, attenuate cellular damage, and favor renal recov¬ 
ery. 

General Considerations in Management 

Goals of management of established acute renal failure are 

to (Is treat 01 minimize underlying disease processes: (2) 



a diuresis: (4j manage systemic complication*: and (5) 
establish a prognosis (Wood, 1997;. Okusa, I99&), The first 

principle m managing any disease process is to '"treat the 
treatable." In acute renal failure. 1 'treatable‘' problems may 

include dehydration or hypovolemia, postrenal obstruction. 

cardiac or hepatic disease, leptospirosis, rickettsial disease, 
bacterial endocarditis, pyelonephritis, hypercalcemia, renaJ 
lymphoma, and hemoglobinuria. Karly recognition of po¬ 
tential toxicant-induced renal failure allots for treatment 
with specific antidotes te.g.. 4-methylpyrazole or ethanol 

for ethylene glycoll or wilh nonspecific measures such us 
gastric lavage. fluid ihcrapy, and cathartics. Administration 
of any potentially nephrotoxic agents should be stopped. 

Fluid Therapy 

After identitication of underlying disorders, die manage¬ 
ment of acute renal failure relies largely on management 
of fluid, electrolyte and acid-base imbalances. Fluid defi¬ 
cits are estimated I estimated percentage dehyxlation X 

body weight in kilograms = liters requiredl and replaced 
rapidly, within 4 to <> hours. Initial fluid choices include 
0.9'* saline oc oihcT replacement solutions. 1 ow sodium 
fluids such in. H4V5fc silmfv'2 dextrose or half-strength 
lactated Ringer s solution in 1,$% dextrose may be utilized 
for patients with cardiac insufficiency or hypernatremia, 
f luids for maintenance requirements > 40 to 60 nvL/kg per 
day ) and ongoing losses (poI y uria. vomiting, diarrhea) 

should be added to the daily fluid total. In most cases, 
rehydration fluid requirements will equal two To three times 
maintenance requirements: careful calculation of deficits 
and ongoing needs is recommended to prevent underesti¬ 
mation of fluid needs tTable 29-1 ). 

Urine output should be measured during the rehydrabon 
pha.se tu document appropriate diuresis and to calculate 

future fluid requirements After udcqiune volume replace 

ment, urine output should reach at least 1 to 2 ml Ag per 
hour. Oligum patients, in which urine output is less than 

I mlikc per hour, require additional treatment If the ani¬ 
mal i v not overhydrated, mild volume expansion may be 
considered, Administration of an additional to 5% of 
the animal's body weight in fluid should eliminate any 
remaining, undetected volume deficits and enhance renal 
perfusion and glomerular filtration rate (GFR) (Chew. 
1992c ft volume expansion A attempted, the patient must 
be carefully monitored for signs of oveitiydratjon, includ¬ 
ing increased bronehovexicuL.tr sounds. tachycardia. rest¬ 
lessness, c he moss s. and serous nasal discharge. Appropriate 


volume expansion is doc tintemed by <i modcp Increase in 
body weight and modest reductions in the hematocrit and 

plasma protein concentrations. 


Methods m Enhance Urine Production 

If urine production remains poor after rchydraiion and 
volume expansion, pharmacologic manipulation of oliguria 
is warranted. Funosemide, dopamine, and osmotic diuretics 
are options isce Chapter 28 and, for dopamine, Chapter 
301, Furosemide (2 in 3 mg/kg intravenously (IV) every 6 
to K tai is often chosen as an initial treatment for 

oliguria because it is readily available and easy to adminis¬ 
ter, A constant rale infusion of fun*cmide i I mg/kg per 

hour! has also been recommended t MacIntyre and Royer. 

1995: Chew; 20001. As a loop diuretic, fun*cmuk helps 
increase tubular flow and improve renal blood flow but 

docs noi significantly affect GFR (Lane et al. 1994). It is 

also speculated that furrcemide's activity may protect cells 
of the thick ascending loop of Henle by reducing active 
transport at this siie. Furosemide has been shown toexacer- 

tale gentamicin toxicity and should be avoided in patients 
recently treated with aminoglycosides (Adel man ct al, 
1979). If urine output does not. increase within 30 to 60 
minutes, furosemide may be repeated at 4 to 6 mg/kg 
IV at 30 to 60-minute intervals; concurrent dopamine 
administration should also he considered Volume and po¬ 
tassium requirements should be carefully addressed during 

furosemitie treatment. 

The efficacy of furosetntde in reversing oliguria appears 
to be improved with the concurrent administration of dopa 
mine (Lindner et ai . 1979), Dopamine is a catecholamine 
la norepinephrine precursor! that, in low doses, causes 

increases in renal Mood flow. In dogs, dopamine acis at 
specific splanchnic and renal receptors lo cause efferent 
arteriolar vasodilation, enhancing renal blood How and 
sodium excretion. Dilation of mesenteric, coronary, and 
intracerebral vascular beds also is expected. Effects on 

GFR are modest (Demon el aL 1996). In cats, dopamine 
appears lo stimulate a-adrenergic receptors, leading to in¬ 
creased blood pressure and natriuresis (Clark el al. 1991 1 . 
Dopamine must he adminisiercd as a constant rate infusion, 

ideally with an automated fluid infusion pump. Dopamine 

is administered diluted in nonalkaline fluids, usually norma! 
saline or dextrose solutions. Infusion rates of I to 5 pg/kg 
per minute are recommended Infusion is usually started at 
] to 2 tig/kg per minute while the patient is munitored fot 
changes in heart rate or rhythm Tachycardia, ectopic or 

premature ventricular iwattu nausea, vomiting, and hyper 
tension arc adverse effects, predominantly '•een at higher 
doses Tltc press** effects of dopamine arc variable and 

can be detrimental to renal function: monitoring of urine 
output and degree of azotemia is imperative in individual 
patients. The half-life of dopamine is approximately 2 

minutes: effects are withdrawn wiUun 10 minutes after liter 

infusion is discontinued. The drug is metabolized to inac 

live compounds by monoamine oxidase and catechol O 
mcihyllransferase in the kidney, liver, and plasma (Plumb, 
IW5). Fenoldopam and other new selective dopamine sub- 
type DA-1 receptor agouist^ may more effectively increase 
renal blood flow' in dogs (Chew. 20001. Neither dopamine 
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tu <r lhc?vC selective dopaminergic compound* have been hour A second bolus may be attempted if the agent is 
evaluated in clinically affected ART patients. unsuccessful, but the potential foe volume ewe i expansion 

Osmotic diuretics are alternative agents for enhancing and edema formation increases. When mannitol is beneft- 

urine flow. Osmotic agents such as mannitol enhance urine ciol, intermittent bolus injections (0 5 to 1.0 g/kg IV every 

production by increasing both intravascular volume and 6 to 8 hours) or constant infusion of a 5% to 10% solution 

tubular fluid flow. Mannitol is freely filtered at the glomeru- (2 to 5 mL/min) may be given up to .2 g/kg per day (Chew, 

lux and poorly reabsorbed in renal tubules, creating an 2000}- One author recommends maintaining diuresis with 

tismotic effect such that water is not reabsorbed from the m infusion of mannitol diluted in lactated Ringer’s solution 

tubular lumen. Osmotic agents also prevent tubular and (Chew, 1992}, 

vascular obstruction by minimizing cellular swelling, Man- Hypertonic dcxuxwc solutions have teen useful as an 
nilol also possesses weak renal vasodilators and cellular alternative osmotic agent, Once the renal threshold for 

free radical scavenging actions f Burma and Schrien 1986), glucose trails port 'has been exceeded, dextrose solutions 

Adverse effects of mannitol Infusion include volume over create effects similar to those of mannitol -on tubular flow 

load and pulmonary edema gastrointestinal upset, and een- and urine output Solutions of 10% or 20% dextrose arc 

tral nervous system effect 4 ; (usually .at high doses). The formulated mid administered as intermittent slaw boluses 

drug iv contraindicated for overhydrated or dehydrated pa- of 25 to 50 mlAg (over 1 to 2 hours} two or three times 

(fonts and for patients with pre-existing cardiac disease or per day. The initial infusion rate may be as high, ap 2 

suspected intracranial hemorrhage. Some clinicians avoid to lOmL/min in order to rapidly create hyperglycemia, 

giving mannitol to an uric patients. The infusion rate may subsequently be: dropped to I to 

Mannitol may be administered at a dosage of 0.5 to 5 mL/min (Ros$, 1989; Hnco and Low, 1980), Advantages 

1.0 g/kg IV as a slow bolus (over 15 to 20 minutes) (Kirby, of dextrose solutions include low cost, availability, md 

1989). Another' protocol entails administration of partial relative safety Dextrose solutions also provide 'nominal 

dosages 10.5 mg/kg each) every 15 minutes for three treat* caloric supplementation. I Irine glucose is easily monitored 

mcnix tRusx. 1989). Urine output should improve within S for assurance that sufficient hyperglycemia and filtration of 
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glucose are continuing; urine volume still must be quanti¬ 
tated because glycosuria can occur without significant in¬ 
creases in urine production, Dextrose solutions may he 
inferior to mannitol Ln other respects, though, because the 

osmotic effects cm cellular swelling and tubular obstruction 

will be minimised by intracellular equilibration of glucose 

across cell membranes, an effect ibai does not occur with 

mannitol fChew, 1992), Hypertonic glucose also lacks the 
vasodilatory and free radical scavenging effects of manni¬ 
tol. 1 Eie rapid movement of glucose intrace I lu Lari y does, 
however minimize the potential development of vascular 
overload and pulmonary edema. 

The choice of initial treat merit protocol For oliguria 

varies with clinician preference, experience, available tech¬ 
nical supports and patient variables Furosemitte and dopa 
mine often are chosen initially because of their relative 
safety. Mannitol is probably however the preferred agent 
for treatment of nephrotoxic and isghemic renal failure in 
niMiovertiydratcd patients. If one protocol is ineffective, 

another protocol may be attempted. The effects of all 
measures to reverse oliguria appear to diminish as the 
duration of oliguria is prolonged. 

Management of Hyperkalemia and 
Metabolic Acidosis 


<12 or total C0 2 <12 to 15 mEq/Lj OverzeaJnus bicar¬ 
bonate administration may have serious detrimental results, 
including hypernatremia, bypcrosmolabty, ionized calcium 
deficits,, reduced plasma potassium concentrations, meta¬ 


bolic alkalosis, and paradoxical ocitkwis of the ccrcbrospi 


nal fluid. 


An alternative method of therapy for acute hyperkalemia 

includes the administration of glucose (dextrose 0.1 jo 

0.5 g/kg as a 20% solution or I to 2 rnLAg 50% dextrose 
diluted il i 25% ) i Kirby, 1989), Administration of glucose 

triggers endogenous insulin secretion; both glucose and 
insulin facilitate intracellular movement of potassium. Pro¬ 
tocols utilizing insulin and glucose (0,25 to 0.5 U/kg insu¬ 
lin followed by \ to 1 g glucose per unit of insulin adminis¬ 
tered} have also been recommended. Exogenous insulin 

admi rmtrai ion can promote hypoglycemia; blood glucose 

monitoring is required. 

Disorders of calcium are occasionally found in acute 


renal failure. Hype ft ulccmia may he a cause of acute renal 
damage. Calc sum levels usually drop with fluid or diuretic 
administration: invest ignition into the etiology of hypercal¬ 
cemia should proceed, however. Severe hypocalcemia is 
rare except in ethylene glycol intoxication, Alkaliniziite. 
therapy may further reduce ionized calcium levels, re¬ 
sulting in symptomatic hypocalcemia. Calcium administra¬ 
tion may be- necessary in some cases. 


Maintenance Fimd Therapy 


Patients with acute renal failure may be hypokalemia nor- 
mokulcmic, or hyperkalemic, Hyperkalemia is mom likely 
observed with oliguric or an uric renal failure. Management 

of hyperkalemia and other electrolyte disturbances is ide¬ 
al Iy based on serum electrolyte determinations: however* 
an estimate q\ potassium status can often Ik' made on the 
basis of an electrocardiogram. Administration of potas¬ 
sium-free fluids and initiation of a diuresis is usually suffi¬ 
cient to correct mild to moderate hyperkalemia. Peaked T 
waves, bradycardia, prolonged PR intervals flattened P 
waves, and widened QH5 complexes may he seen with 
moderate elevations in scrum potassium. Severe hyperka¬ 
lemia ma> result in a Ittss of P waves, id in ventricular 
rhythms, atrial standstill, or ventricular fibrillation and rep- 
resents a life - threatening emergency. With severe electro 
cartographic changes, administration of calcium gluconate 
(0 5 to I 0 ml/kg of a 10% solution given IV over 10 to 
15 minutes} offers cardioprotective actions Calcium ions 
counteract potassium without lowering serum potassium: 
other measures must be initiated to prevent subsequent 

cardiac toxicity (Willard, 1987}. 

Bicarbonate administration Facilitate* an intracellular 
shift of potassium ions and is another useful initial treat- 
menl for moderate hyperkalemia. Sodium bicarbonate is 

administered as a slow intravenous injection of 0,5 to 

2 mKq/kg (Willard* 1987}. Alternatively, bicarbonate defi¬ 
cits can he determined based on serum bicarbonate* total 
CO ? * "Of base deficit measurement. The deficit is calculated 
by the formula: 0,3 X body weight (kg 1 X base deficit or 
(20 —serum bicarbonate or total C0 3 concentration}. A 

portion of the deficit (usually one-fourth or one-half} is 
given as a slow holus or in fluids, ond the acid-base 
status is reassessed An advantage of sodium bicarbonate 

administration is concurrent correction of co-existing meta¬ 
bolic acidosis. In the absence of hyperkalemia* bicarbonate 

administration is reserved for severe acidosis i blood pH 


Once □ diuresis has been established* and in cases of 
nonoligurR acute renal failure, fluid therapy should be 
tailored to match urine volume and other sensible and 
insensible losses. Insensible Losses (e.g.. water lost from 

respiration) are estimated at 13 to 22 mL/kg per day. Urine 
output (the most variable sensible loss in patients with 
renal failure) ss quantitated during 6- or 8*hour intervals; 

the amount lost is replaced during an equivalent period. 
Ongoing gastrointestinal losses also are estimated and re¬ 
placed. Some clinicians factor in a 3% to 5% estimate to 

provide for subclinicul dehydration each day, regardless of 

physical examination findings (except foe signs of over hy¬ 
dration ). Intervals can be extended as the animal is stabi¬ 
lized, 

Fluid composition during maintenance therapy should 

be tailored to the individual. FVdyiomc replacement solu¬ 
tions that provide buffering activity and electrolyte replace¬ 
ment (e,g , lactaied Ringer's solution* Normosol-R* Plasma- 
Lyte 56) may he administered during the first few days of 
treatment* especially if gastrointestinal or electrolyte losses 

are great For longer term therapy, lower sodium solutions 

designed to meet maintenance fluid needs (e g,. half- 

strength lactated Ringer s solution or 0.45% saline in 2.5% 

dextrose* Normosol-M, or Plasma-Lyte 56} are preferred* 
ov most ongoing losses will consist of free water losses in 
polywia (Chew* 199*). Alternating administration of 5% 

dextrose solutions with high-sodium replacement solutions 

may also be effective in preventing hypernatremia in pa- 
treats requiring long-term fluid therapy (Ross 1989) Potas¬ 
sium supplementation in excess of amounts supplied in 
commercial fluids is usually required during the mainte¬ 
nance phase of treatment; a local of 2D to 30mEq KC1 per 
liter of fluid administered is typically sufficient* 
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21% of gross energy as protein (Pol/in and Osborne, 1995 K 
Products Ih-at provide high-quality protein in homemade 

diets include eggs, liver, cottage cheese, and lean meats. 

Further reduction in protein intake should be reserved 
for refractory patients in which signs of uremia persist on 
the above did, Excessive iwotem remind ton may lead in 
proiein malnutrition, hvpualbumijtomia, and anemia, Pro 

teiri or other nutrient deficiencies can inadvertently develop 
if adequate quantities of a moderately restricted diet are 

not consumed: intake of adequate energy should 'Lake piece 
dencc in dietary' formulations. Protein depletion also may 

adversely affect renal function by contributing to alter¬ 
ations in renal hemodynamics and accentuating muscle 

catabolism, anemia, and acidosis. Animals with protein 
malnutrition exhibit weighL loss, poor hair coats, and mus¬ 
cle wasting. Although reduced protein intake may improve 
clinical signs of renal disease, tics dietary maneuver is 
unlikely to prevent renal disease in normal animals, dra¬ 
matically slow progression of renal disease, or enhance 
renal function Thus, the role of reduced protein intake in 
animals with early renal disease is less clear. Again, moder¬ 
ate restriction of protein may be appropriate in these indi¬ 
viduals with regular monitoring for evidence of protein 

malnutrition and for progression of azotemia. 

PhiKphoms 

Resiriction of dietary phosphorus is advocated for patients 
with renal failure to minimise hyperphosphatemia, second¬ 
ary hyperparathyroidism. and dystrophic mineral Dm ion. 
1 ceding u> main lain a calcium X phosphorus solubility 
product below 60 to TO is recommended to minimize soft 
tissue and renal mineralization. In experimental studies in 
dogs with induced renal disease, phosphorus and calcium 
restriction improved survival hut did not prevent 

renal mineralization t Brown et at,. 1991). 

Most reduced protein diets formulated for renal disease 
are also restricted in phosphorus content because meal 
proteins arc the primary source of phosphorus in the diet. 
Appropriate canine diets are 0.13% to 0.28% phosphorus 
on a dry weight basis, providing 0.3 to 0.5 mg phosphorus/ 
keal. whereas feline diets are approximately tl.5% phospho¬ 
rus. providing 0,9 mg phosphorus/kcal (Polzin and Arm¬ 
strong, 1995), Supplemental phosphate-binding agents may 
he required if dielary restriction is inadequate lo minimize 
hyperphosphatemia and normalize the calcium X phospho¬ 
rus solubility product (see later discussions of dietary sup 
plemcms and secondary h y per parath vroi di cm). 

Sodium 

Moderate rodium restriction is beneficial for dogs with 
renal disease, particularly those with systemic hyperten¬ 
sion. Although single nephron adaptive responses are re¬ 
markably efficient for maintaining soJMe and water balance 
in renal disease, handling of large fluid and solute loads is 

toiled and conservation ol water and solute is impaired. 
Sodium excretion increases with declining GKR* to main- 
tain homeostasis however, response to a sodium challenge 
may be impaired and excess sodium intake could lead to 

volume expansion. Conversely, sodium cannot be maxi' 
mally conserved m the presence of acute restriction in 


intake or volume depletion. Diets should provide 15 to 
50 mg/kg per day, usually 0 I % to 0.3% on a dry mailer 
basis, (Cowgill and Kallctt, 19X6). Changes in sodium in¬ 
take should be made gradually if possible to avoid rapid 
changes in fluid homeostasis and extracellular fluid volume. 

Uptds 

Abnormalities of lipid metabolism in renal disease may 
lead to hypercholesterolemia, hypertriglyceridemia, and el¬ 
evated low-density lipoprotein concentrations. High stuu- 
rated fatty acid intake has been shown to accelerate glomcr- 

ulosdcftnis and progressive renal injury in rai models. 
Dietary lipid composition may he manipulated to minimize 
hyperlipidemia and protect renal function. Supplementation 
of omega- 3 polyunsaturated fatly acids may be expected to 

favor vasutfilatory cicosanoid production, inhibit mtrarenal 
platelet aggregation, and minimize systemic and glomerular 

hypertension Whether any appreciable effect of dietary 

lipid manipulation will be seen over the long-term course 
of chronic renal failure remains unknown < Brown, 1995; 
Bauer 1995). 

Enery 

Appropriate caloric intake is a frequently overlooked goal 
of dietary management of renal failure patients. A catabolic 
state may be perpetuated despite die best manipulations 
ol' dietary content if tufficienr calories for body energy 
requirements are not ingested. Energy depletion and protein 
malnutrition in turn exacerbate azotemia and hamper renal 
compensatory or regenerative responses. Energy require¬ 
ments for patients with chronic renal failure have been 
estimated at 60 to lit) keal/kg per day: a reasonable starting 
point is 75 kcal/kg per day iBrown. 1994). Frequent moni¬ 
toring of body weight and body condition is imperative to 

ensure that appropriate weight is maintained 

As renal failure progresses, intake of appropriate calo¬ 
ries becomes more important than the composition of ihc 
diet. Caloric supplements composed of fat and carbohy¬ 
drate sources may be offered to provide additional energy. 
Occasionally, obese patients with renal disease are encoun¬ 
tered, As obesity may contribute lo systemic hypertension 
and impair other organ system functions, weight reduction 
is desirable in these patients. Adjustments in weight must 

be gradual, however, and excessive restriction of calories 

and protein intake should be avoided. 


Dietary Supplements 

Phosphorus Binders 

If dietary phosphorus is ineffective in maintaining » serum 
phosphorus level of less limn 6 mg/dL and a calcium x 

phosphorus solubility product less than 70, phosphorous- 
binding agents may be administered lChew et at. 1992b). 
These agents are generally ineffective if dietary phosphorus 
h not restricted concurrently and must be given lust before 
or with a meal. Liquid oi encapsulated preparations are 
preferable to tablet Amu, as they more readily mix with 
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ingcsta in the intestinal tract. Tablet Forms cm be crushed 
and given with food. Aluminum-biased products ('aluminum 
hydroxide, aluminum carbonate) .arc widely available and 
arc administered at daily dosages of 30 to 90 mg/kg divided 

into two or three feedings (Polzin and Osborne, 19951 
Magnesium-based products should be avoided in patients 
with renal failure i Chew ct *L 1992b). 


Calcium-bawd products tcalcium acetate, 60 to 90 mg/ 

kg per day. calcium carbonate, 90 to J50 mg/kg per day) 
arc alternative phosphorus*bindmp agcnLs with additional 

alkalinizing effects. Calcium-based products can also be 
used to minimize or correct hypocalcemia. Calcium acetate 
i> recommended in normncalcemic to mildly hypercalcemic 

patients, as calcium carbonate is more likely to lead to 
hypercalcemia. Calcium-based products and aluminum- 

hased agents also may be administered concurrently for 
added phusphofus-bjnding effects (Pol/in and Osborne, 

1995. Chew et il., 1992b), Scrum calcium and phosphorus 
concentrations should be monitored every 2 weeks initially, 
then monthly or as needed during chronic therapy. Adverse 
effects of phosphorus-binding agents include nausea, gas¬ 
trointestinal upset constipation, and hypophosphatemia 

Toxic effects of aluminum are theoretically possible with 

lon^-tetm administration, including anemia, encephalopa¬ 
thy, and mteomalaeia (LLach and Bover, 1996l. 


Alkaltn izers 

Although dietary protein restriction helps reduce acid me¬ 
tabolites metabolic acidosis, alkalimzation therapy may 
be required in animals with moderate to severe metabolic 
acidosis. Chronic untreated metabolic acidosis may aecckr- 

ate protein catabolism and azotemia, promote renal ammo- 
niagencsis contributing to progressive renal tissue damage, 

and lead to increased calcium mm 3 potassium losses. Acid- 
base derangements also likely contribute to the clinical 

manifestations of renal failure, including anorexia, vom¬ 
iting. and weight loss (Pblzin et af. 1995: Giovaneiii et al.. 

1992,1. Alkalinizing therapy is ideally planned based on 
serial blood gas analyses. Scrum total CO Too, measure¬ 
ment is a reasonable guide to management in most patients. 
Oral alkalinizalion is recommended when bicarbonate or 
Tcu measurements fall below 15 to 17 mmol/L, whereas 

parenteral supplementation may be needed if the I co> falls 

below 10 to 12 mmol/L. 

Oral sodium bicarbonate may be administered at 8 u> 
12 ingAg every 8 to 12 hours (1 mEq/cat every K to 12 
hours for cals). Household baking soda supplies approxi¬ 
mately 4000 mg bicarbonaterteaspooo <or 12mEq bicar- 
bonate/g): tablet preparations are also available. Alterna¬ 
tively. a t mBq/mL solution of bicarbonate can be prepared 
by adding 5 or 6 tablespoons of baking soda In L L of 

water (or one third of an 8 ounce box is added to l quart 
of water) (Fokin et al, T 1995). Because of the added so¬ 
dium intake, sodium bicarbonate may be inadvisable in 
hypertensive patients, and some clinicians prefer to use: 
alternative alkalimzing agents in all renal failure patients 
It is questionable* however, whether the sodium salt in 

sodium bicarbonate contributes to hypertensive disease in 

dogs and calx. 

Alternative alkali ni/ing agents include potassium citrate 
(35 mg/kg orally jJPOJ every K hours or 0.3 so 0.5 niEq. 


potaxdum/kg PO every 12 hours) and calcium carbonate 
or calcium acetate (]00mg/kg per day) {Brown, 1994; 
Lulich cl al., 1992). These agents are particularly valuable 
when hypokalemia (potassium citrate), hyperphosphatemia, 
or hypocalcemia (caki urn-based agents) is a concurrent 
problem (discussed elsewhere). Dosages of all alkalinizing 
agents may he titrated to effect The goal of treatment ^ 
to modify bicarbonate concentrations to approximately 18 
to 24 mmol/L, Os ereorreclion of acidosis can kad to meta¬ 
bolic alkalosis, hypokalemia, or ionized calcium deficitt- 


Pntasstu m 

Renal failure and metabolic acidosis have been identified 
as risk factors for hypokalemic myopathy in cats (Dow et 

al., 1987b; Dow and Fettirmn. 3992). Increased fractional 

excretion of potassium is observed, although 24-hour potas¬ 
sium loss is variable. Hypokalemia may be exacerbated by 
chronic metabolic acidosis, especially in cats fed acidifying 
diets. Potassium depletion in turn induces acidosis and 
depresses GFR, intensifying renal disease and potassium 
loss i Dow and Fettman, 1992; Dow et al., 1990; DiBartola 
cl al.. 1993). Suppletncntaiiort of potassium to cats with 
renal insufficiency may stabilize or improve renal function. 

Most commercial renal dieu have been adjusts to provide 

potassium beyond requirements for healthy animals, but 

cats with mild to moderate hypokalemia (K 3.5 to 4.5 mEqf 
L) will benefit from potassium supplementation »1 2 to 
5 mGq/day Low-dose supplementation (2 mCq/cat .per day) 
may be justified in normokalemk cats to prevent potassium 
depletion (Dow and Fettman, 1992). Cats with severe hypo¬ 
kalemia may require intensive replacement with intrave¬ 
nous potassium chloride or increased supplementation 
(5- 10 mEq/dayk Dogs w ith poly uric rend failure also may 
become hypokalemic. Potassium supplementation may be 
initiated at 1 fob m£q/kg per day if other dietary measures 

do not correct the hypokalemia (Brown, 1994), Polaswum 
concentration should be carefully monitored in cats and 
dogs undergoing fluid diuresis ton 4 renal disease. 

Potassium supplements are available in powder or liquid 
form for long-term ora) administration. Potassium gluco¬ 
nate powder appears to be the most palatable and best 
tolerated product; flavored potassium gluconate elixirs also 
are available, ftiiassiiiin citrate solution or diluted potas¬ 
sium chloride for injection (dilute 1:1 with water) also 

may be given orally. Gastrointestinal ulceration, nausea, 
vomiting, and food aversion may develop with liquid prep¬ 
aration* . 


Summary of Dietary Recommendations 


Based urn current information, the ideal diet for small 
animals in chronic renal failure should 'be moderately re¬ 
duced in protein, phosphorous., and sodium content contain 
high-quality protein sources, be highly digestible, uiid pro¬ 
vide adequate potassium, nutrient, and caloric density. In a 

recent study, finding a diet appropriately modified in pro¬ 
tein, phosphorus, lipids, and sodium was associated with 
stable renal function and delayed onset of uremia ot dogs 

with CRF (Jacob. 2000a and 2000b). The composition and 
nutrient profiles for commercial ^renal diets*’ are available 
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from manufacturers product information and summarized 
in a review by Baitges and Brown (2000). Dietary supple¬ 
ments or homemade diets, may he required to meet the 
needs pf individual patients. 


Management ol Anorexia and Vomiting 

The besi. of dietary strategies is ineffective if the patient 
becomes anorectic cannot consume adequate calories for 
energy needs, w is vomiting and intolerant of enteral feed¬ 
ing. Many metabolic consequences of renal failure may 
affect appetite. including hydraiion status, seventy of ure¬ 
mia. degree of anemia, acidosis, secondary hyperparathy¬ 
roidism, gastrointestinal complicaltumu and decirulyic im¬ 
balances. fn the sick, uremic animal, correction of 

dehydration, acidosis, electrolyte abnormalities, and gastro¬ 
intestinal complications should be accomplished before at¬ 
tempts at introducing a "kidney diet" (Osborne et al. 
1995). Supplementation of wale r-soluble vitamins and cor¬ 
rection of anemia also may improve appetite Angiotensin - 
convening enzyme inhibitors, some antimicrobials, and 
many other therapeutic agents can contribute to anorexia, 
and their potential benefit should be reviewed critically «n 
intol erant pat Lents. 

In anorectic patienis with chronic renal failure, a review 
of previous diets, dietary habits, and drug therapy is ad¬ 
vised. As with all dietary changes, new diets should be 
introduced gradually, and small, more frequent meals may 

be preferable for many patients. Owners and nursing staff 
can tailor the feeding schedule and feeding environment to 

enhance appetite by avoiding hurried* noisy feeding or 
feeding m close association with painful or stressful proce¬ 
dures Some animals respond to hand feeding or feeding 
during petting and socialization, especially in a quiet ward 
or outside the hospital urea. Warming of food, moistening 
food, and ensuring easy access to food are practical meth 
ods of improving acceptance (Osborne et al, 1995}. Flavor¬ 
ing agents can also be added* including animal fat, bullion* 
clam juice, tuna broth, brewer's yeast, garlic, butter, or 
cottage cheese (Pol/in and Osborne, 1995: Osborne el al, 

1991 1 . An added benefit of flavored liquids is enhanced 
fluid intake, although broths high in sodium and phospho¬ 
rus should be avoided. Supplementation of vegetable oils, 
margarine, cream, or complex sugars may be used to in 
crease caloric intake i Brow n. 1994). If oral ulcers that limit 
food intake ate observed, application of xylocaine gels or 
cool tea flushes may be used to alleviate pain 

Gastrointestinal effects of uremia include mucosal irrita¬ 
tion from nitrogenous waste products, impaired gastrointes¬ 
tinal nmemaJ harriers, and hy pcrgusrri nemi a. Central rusjtfp- 

tors for appetite and nausea also are affected by retained 
substances and increased parathyroid hormone (PTH) con- 

centra turns. Anorexia, vomiting, and diarrhea are common 
complications of advanced renal failure In patients with 
chronic renal failure* sporadic vomiting, nausea, arid an 
orexia may be alleviated by the administration of hiotaminc 
blockers such as cimetidine (5 mg/kg 1*0, intramuscularly 
LIM], or IV every 6 to 8 hours} or ranitidine (0.5 to 
2 0 mg/kg FO every 12 hours}. Ci met id me inhibits hepatic 
metabolism of many drug*, including blockers and cal¬ 
cium channel blockers, and should be avoided in patients 


receiving these drags. The addition of sucralfate, a gastro¬ 
intestinal mucosa] protectant, may be useful for patients 

with severe gastritis or suspected gastrointestinal hemor¬ 


rhage 


acidi 


Because sucralfate r* most effective tn an 
stomach environment, other antiemetics or antacid medica¬ 
tions should be given at least 34) minutes before the admin¬ 
istration of sucralfate when used concurrently. For rcfrac 
tory vomiting, mctuclopnimidc (0 2 to 0.4 mg/kg 
subcutaneously, IM, or PO every 8 hours) may be adminis¬ 
tered to improve gastric emptying and to reduce centrally 
mediated nausea. 


MiwprcMol a synthetic prostaglandin analogue, inhibits 
gastric acid and pepsin secretion and has a uytoproicctive 
effect on gastric mucosa. The drug may he useful in renal 
failure-induced gastritis at a dosage of 1 to 5 p-g/kg TO 

every 6 to 8 hours Transient gastrointestinal upset is a 
possible adverse effect of misoprostol administration that 
may be managed by adjusting the drug dosage and giving 
the drug with food (Plumb 1995). Anorexia or gastrointes¬ 
tinal complications of drag administration must be ad¬ 
dressed quickly m patients with renal failure, however, as 

dehydration arid renal decompensation cm occur. 

Pharmacologic manipulation of appetite also has been 
attempted in anorectic patients. In the short term, intrave¬ 
nous administration of low dose diazepam (0.05 to 

n. 15 mg/kg IV) may he successful in reviving appetite or 
stimulating food intake. Oral administration of benzodMare- 
pirtes, such as oxazepam, may result in unacceptable seda¬ 
tion. Oral diazepam also lias been associated with bduivtor 
changes ami incidences of hepatic failure in cats. The 
metabolism of benzodiazepines may be reduced with con- 

current administration of cimetidine Other agents such as 
anabolic steroids, glucocorticoids, and progestin* are of 

questionable benefit in stimulating appetite. Glucocorti¬ 
coids should be avoided in most patients with renal failure 
because they may promote tissue catabolism, contribute to 

gastrointestinal ulceration, and result in fluid and sodium 
retention and glomerular hypcrtiltruliom 



Systemic hypertension is observed in more than 60% of 
dogs und cats with renal disease, particularly in animat* 

with glomerular disorder*, renal vascular disease, and renal 

neoplasia (Cowgill anti Kali etc, 1986). Multiple media 

in Mils may contribute to the development of hypertension 
in renal failure, including decreased glomerular filtration, 
impaired sodium and water handling, local activation of 
the renin-angiotensin-aldosterone system, and impaired 

production of rental vasodilaiory subwuk'ts. Clinical signs 

of hypertension in small animals are usually manifestations 
of ocular complications, including blindness, retinal hemor¬ 
rhages, retinal detachment, and glaucoma, but they may 
include cardiac failure, neurologic signs, hemorrhage, and 
effusions. Overt signs arc often mapparent* however, and 
blood pressure recordings should be routinely monitored in 

patients with renal disease. 

Moderate restriction of sodium intake is the first step in 
management of mild systemic hypertension, along with 

weight reduction in obese animals. Dietary sodium con tern 
of 0.1% to 0 \% sodium by dry matter is recommended 
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foi ffiifi.il management fCowgill and Kalteft I9B6; Litr- 
man, 1992), Most commercial to * renal" diets provide 

appropriate sodium content, limiting sodium intake to 10 
to 40 mg/kg per day. Sodium restriction should be gradual 

in order to avoid precipitating volume depletion. If nece* 
sary. additional sodium restrKifon may he accumpl isbed by 
feeding homemade diets or diets formulated for cardiac dis¬ 
ease . 

Pharmacologic manipulation of blood pressure may be 
indicated in animals with moderate to severe hypertension 
(systolic blood pressure >200 mm fig), clinical signs at¬ 
tributable to hypertension, or persistent hypertension de¬ 
spite sodium restriction. The choice of agent must be based 
on the potential risks and benefits in the individual animal 
and the clinician's experience and preference. A variety of 
agents have been proposed for use in hypertension, includ¬ 
ing diuretics beta [i-bloekefs* ACE inhibitors, and calcium 

channel blockers. Diuretics are ihe mainstay of treatment 
of early volume-dependent hypertension in human patients; 
however, they may contribute to dehydration and potassium 
loss ami may he inadvisable for patients with chronic renal 
failure. (3-Blockers such as propranolol and atenolol are 
agents with negative inotropic and vasodilatory actions. 

Atenolol <2 nig/kg per day for cats, 0.25 to 2 mg/kg/day 
fur dogs) may be preferred over propranolol because of its 
duration of action and JjT receptor specificity. Atenolol is 
less likely to cause bronchoconstnclivc side effects than 

propranolol iLmrmn, 1992), Both diuretics and |3-blocking 

agents appear to be minimally effective in dogs with hyper¬ 
tension of renal failure, although f3-b)oekers may be effec¬ 
tive in cals (Ross, 1991). Clinical application now is lim¬ 
ited. 

Angiotensin-converting enzyme inhibitors and calcium 
channel blockers have received increased attention as arm- 
hypertensive agents for small animals because of their 

potential specific effects cm renal microcirculation. Inhibi¬ 
tion of angiotensin IF production leads to decreased aldoste¬ 
rone secretion, decreased blood pressure, efferent arteriolar 

di lot ion, and reduced iniraglomcnilaf capillary pressure. 

Although these effects have not yet been proved to alter 
progression of renal disease, the agents may have value 

in minimizing glomerular hypertension (Brown, 1994), In 
glomerular disease, ACE inhibitors are helpful in control - 

ling hypertension and minimizing proteinuria. Potential 
risks of ACE inhibitor administration include hypotension, 
decreased renal perfusion, hyperkalemia gastrouUfcxli nal 
upset, and, rarely, mydosuppression or seizures. Excessive 
reductions in renal perfusion and GFR are most worrisome, 
as they may lead to acute decompensation of renal failure. 
To avoid this complication, administration of ACE inhibi¬ 
tors is initiated at a low dosage while blood pressure, blood 
urea nitrogen* and creatinine concentration are measured. 
The drug may be slowly increased to ait effective dosage 
Starting dotage* of enalapril are 0.25 to 0.5 mg/kg PO 
per day. 

Calcium channel blockers such as diltiazem or amlodi- 
pine also arc altractive agents for the management of hyper¬ 
tension in patients with renal failure. Amlodipine 10.625 to 
1.25 mgfoal/day PO) Sms become the preferred agent for 
cats (Henik, 1994), Calcium channel blockers reduce bkiud 
pressure by peripheral vasodilators effects: potency varies 
with the preparation. Calcium channel blockers may prefer¬ 


entially dilate afferent renal arterioles, improving renal 

perfusion and glomerular hltmiiott. The)- do not, however, 

reduce glomerular capillary pressure and do not attenuate 
development of glomerulosclerosis (Fokin and Osborne, 
19953, although a nonhcmodynamic inhibitory effect on 
glomerular hypertrophy may be observed (Rosa, 1992). 

Calcium channel hhx'kers also possess cytoproteclive qual¬ 
ities that may he helpful in acute w chronic renal damage. 
Calcium channel blockers are negative i notropes and may 
cause hypotension, cardiac arrhythmias, and gastrointesti¬ 
nal upset in some patients. 

Serial monitoring of Wood pressure, hydration status, 
and renal and cardiac function is imperative for the appro¬ 
priate management of hypertensive disease (reduction to 
approx 11 mare Iy 150-170 mm Hg). Weekly blood pressure 

recordings should be made initially as dietary and then 
pharmacologic management is initiated. Biweekly or 
monthly recordings cm be continued during maintenance 
treatment. Refractory hypertension may respond to combi¬ 
nation therapy oc addition of a direct vasodilator such as 
hydralazine. Administration of a calcium channel blocker 
with a ff-blocking agent is avoided because of additive 
negative inotropic effects. Control of hypertension in pa- 

iiiffiK with renal failure may slow the progression of dis¬ 
ease and minimize the ocular, cardiovascular, and neuro¬ 
logic complication!! that may develop with uncontrolled 
hypertension. 

Management of Secondary 
Hyperparath yroidism 

Hyperphosphatemia, hypocalcemia, and impaired auiva 
cion of vitamin D metabolites contribute to the development 
of secondary hyperparathyroidism in animals with renal 

failure. Parathyroid hormone plays an important role in 

regulating plasma calcium and phosphorous concentrations 

via effects on the gastrointestinal tract, kidney, and bone. 

The primary stimulus for PTH release is a drop in plasma 

Calcium concentration; in renal failure phosphorous reten¬ 
tion and hyperphosphatemia may lead to hypocalcemia 
Additionally, and perhaps nw importantly, impaired con¬ 
version of 25-hydroxycholecalciferol 125-hydroxy vitamin 

D) to the active 1.25-hydroxycholeualciferol (1.25-hydro- 
xy vitamin D, or calcium!) by I-a-hydroxylase impairs 
gastrointestinal absorption of calcium. Calcimol also plays 

an important role in the regulation of PTH by exerting an 

inhibitory (negative feedback) effect m PTH production 

and release. 

The classic effect of secondary hyperparath yrokJism in 

animals with renal failure is the development of renal 
osteodystrophy, usually seen as "rubber jaw/* which re¬ 
sult*. from excessive calcium and phosphorous removal 

from bone. 'This complication appears to be rare in dogs 
and cats hut may develop with long-standing disease or in 
juvenile renal disease. Secondary hyperparathyroidism has, 
however, been implicated as a contributor to many other 
manifestations of uremia in human patients, including ane¬ 
mia, glucose intolerance, hyperlipidemia, encephalopathies 

neuropathies, cardiac damage, muscle damage, and immu¬ 
nologic dysfunction. Furthermore, soft tissue mineral!za- 
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lion associated with hyperparathyroidism may contribute 
to the progression of renal failure. 

Dietary restriction of phosphorus, administration of 

phosphorus-binding agents* and calcium supplementation 
t«a> be sufficient lo minimize secondary hyperparathyroid¬ 
ism in early chronic renal failure (see earlier discussions 

of phosphorus binders amt aJIudini/crs), Supplementation 
of the active vitamin P metabolite cakitriol may be valu¬ 
able in further management of hyperparathyroidism and 
renal failure. Cakitriol acts to enhance calcium absorption 
in the intestines, enhance renbsorption of calcium m the 
kidneys, facilitate PTH-mediated' removal of calc turn from 

bone, and directly inhibit PTH secretion (Chew el ah, 
1993; Brown and Unco. 1995). CalciLriol supplementation 
should help normalize plasma calcium and phosphorous 
concentrations and minimize the clinical and dinicopatho- 
logic effects of secondary hyperparathyroidism. 

Cakitriul supplementation has been recommended in 
low-dose (2.5 to 3.5 ng/kg per day) (Chew ei al., 1993) 
and high-dosc (6.6 ng/kg per day t (Brown and I inco, 1995) 

protocols. Formulations of 250- and 500 ng capsules are 
available; other dose- may he prepared by special order.*' 
Serum calcium concentrations should be normal and serum 
plusphorus concentrations should be maintained at less 
than 6 mg/dL before initiation of calcidiol supplementa- 
lion. Frequent monitoring of calcium and phosphorus con¬ 
centrations is required during administration. The first as¬ 
sessment should be completed 7 to 14 days after initiation 

of treatment, followed by monthly rechecks, ideally, effi¬ 
cacy of treatmeni should be assessed by PTH measure¬ 
ment-, on pooled blood samples obtained hefore and during 

the first 6 months of treatment. The major complication of 
toJcitrio] supplementation is die development of hype real 
ccmia. Hypcrcuiccmia can be managed by adjusting cal¬ 
cium based phosphorus binding agents used concurrently. 

reducing the dosage of colcilriol, or discontinuing adminis¬ 
tration of calcitriol temporarily and re instituting the drug 

at a lower dosage when calcium concentrations return to 
normal (Chew cl al.. 1993). If phosphorus-binding agents 

are required to lie Ip normalize serum phosphorus, calcium 
acetate or aluminum-based binding agents may be prefera¬ 
ble u > calcium carbonate in order to minimize the propen¬ 
sity for hypercalcemia. 

Calcilriol administration reportedly results in rapid re¬ 
duction of semm FTH levels, normalization of serum cal¬ 
cium concentrations, and subjective improvement in the 
general well-being of treated dogs (Chew el al.. 1993). 
Some investigators advocate its use early in renal failure 
as a method of improving quality of life in patients with 

renal failure and as a method of potentially slowing pro¬ 
gression of renal disease These effects are not well docu¬ 
mented, however, and other investigators reserve calcitriol 

stipple mentation for animals in which documented hyper¬ 
parathyroidism and progressive renal disease exist (Brown 

ami Finco, 1995). As with other medical manipulations itt 

patients with renal failure, careful monitoring of treatment 
is essential, with die potential benefits and possible risks 
weighed for each individual patient. 
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Management of Anemia 

Progressive, nonregenerativc anemii is i common compli¬ 
cation of chronic renal dysfunction. Moderate to severe 
anemia is responsible for many of the clinical signs of 
renal disease, including apathy, lethargy, weakness, poor 
appetite. M>d poor bod) condition. A number of pathophys¬ 
iologic mechanisms probably contribute to the anemia ob 
served in renal failure, including depressed erythrocyte 
production, shortened red blood cell life spans, and blood 
loss due to gastrointestinal bleeding (King et al.. 1992k 
Erythropoietin lack appears to be the most important mech¬ 
anism of anemia. Dramatic responses to erythropoietin 
supplementation arc wen in some cases. 

Recombinant hitman erythropoietin i rhEPO k a geneli* 
cally engineered replica of human erythropoietin* became 
available in the late 1980s and has been utilized for dogs 
and eats with anemia of renal failure. Erythropoietin .s 

administered at an initial dosage of 100 I'/kg subcutane¬ 
ously three times weekly until the hematocrit is normalized. 
Target hematocrits are 0,37 (o 0.45 L/L in dogs and 0.30 

to 0.40 L/L in cals. Initial monitoring includes re-evalua¬ 
tion of packed cell volume or hematocrit measurements al 
7- lo 14-day intervals. In most cases rapid, progressive 
increases in red blood cell count, hemoglobin concentre 
tion and hematocrit are observed, along with improvement 
in clinical parameters such as appetite, body condition, 
alertness, and activity (Cowgill, 1995a; Cowgill cl al,, 

1990). Lower initial dosages (50 lo 75 U/kg) may be used 
il .i slower response is desired or if the drug is cost 
prohibitive. If a response is rot observed in 3 to f weeks, 
the dosage may be increased incrementally to 125 to 150 
U/kg three times weekly As target hematocrits are reached, 

the dosage am! frequency of administration arc tapered. 

with required maintenance dosages usually m 75 to JOO 
U/kg every 4 to 7 days. Follow-up monitoring can iten he 
performed at monthly intervals if a liable clinical course 
has teen observed. 

I n fortunately, resistance to rhEPO is observed in. some 
Jogs and cats after several weeks of treatment Anii-rhEPO 
antibodies are formed in 25% to 50% (Cowgili 1995a) of 
treated patients, blocking the erythropoietic effect. A rapid 
decline in hematocrit, red blood cell couni. anil hemoglobin 
concentration* along with erylhroid hypoplasia of the bone 
marrow, is observed 4 to 16 weeks after initiation t>f 
therapy. AnlTjfcEPO antibodies may also interfere with 

remaining endogenous erythropoietin and result in life- 
threatening anemia or a transfusion-dependent anemia Be 

cause of the potential development of cross-reacting anti¬ 
bodies, rhEPO treatment is generally reserved tor dogs and 
ah wiih symptomatic severe anemia, usually when the 

hematocrit drops below 20% to 25% in dogs or 17% lo 
20% m cats, 

A suboptima] response lo rhEPO treatment also may be 
attributed to depleted iron stores. Iron status, including 
serum iron concentration and total iron-binding capacity, 

should be evaluated before initialing treatment and re¬ 
evaluated monthly or if apparent resistance lo treatment is 
observed. Some authors recommend iron supplementation 
for all animals treated with rhEPO (Cow-gill. 1995a). Fer¬ 
rous sulfate ib given orally at a dosage of 100 to 300 mg/ 
day (dogs) or 50 to UK) mg/day (cats). Systemic and inira- 
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useful in ihc early management of toxicoses, especially 

ethylene glycol intoxication. In dtmnic renal failure, dial¬ 
ysis is considered when uremic signs are unresponsive to 
therapy, usually when azotemia is advanced. The procedure 

requires reliable vascular access, an appropriate hemodia- 
|y«r and dialysis delivery system, and dedicated technical 
team (Cowgill and Maretzki, 1995; Langston et at19%), 
Currently hemodialysis is available at the University of 
C a I i form ia.-—Da v i s C o nip an i on A n i mal Dialysis Unit, 
Dans, California; the Veterinary Referral Specialty Prac¬ 
tice. Gaithersburg, Maryland; and the Animal Medical Cen¬ 
ter, New York. New York, The development of additional 
centers for intermittent dialysis in dogs may increase the 
application of the technique for improved management and 
prolonged survival in selected cases. 

Peritonea] dial) vis may be initialed in the practice or 

referral center setting after placement of an intra-abdominal 
dialysis catheter. Straight, acute peritoneal dialysis cathe¬ 
ter v are available for emergency dialysis, whereas column 
disc or T Mu led catheters are preferred for long-term dial¬ 
ysis Dialysate solutions of 1.591 to 4.255J dextrose are 
infused E.o create an osmotic gradient within the abdomen. 
Substances such as urea, creatinine, phosphorus, electro¬ 
lytes and other uremia molecules can pass through intercel¬ 
lular channels of the peritoneum into *be dialysate for 
removal. A dedicated technical support team ts required to 

manage the frequenl exchanges and potential complications 

of the procedure. Peritonitis, hypoalbuminemU* electrolyte 

abnormalities. and leakage around the catheter ore common 

complications (Lane et af 1992k 



Renal transplantation is the definitive mode of management 

of chronic renal diseases in human patients and has become 

a viable option in veterinary ntedteme in selected drcuni- 
sunices A successful clinical renal transplantation program 
has been developed for cats at ihe Veterinary Medical 

Teaching Hospital. University of California. Davis (Greg¬ 
ory et al., 1992; Gregory, 1993; Gregory and Gourlcy, 
1993), With t ran ^plantation of a healthy donor kidney and 
appropriate immunosuppressve therapy, uncomplicated 
cases can expect good quality survival times of 1 to 3 

years post-transplant The best candidates for renal tram- 

plantation are cats in early renal failure, with less than 2(1% 

weight loss and no other disease conditions Candidates are 

screened for cardiac disease urinary tract infect ion. feline 
leukemia virus, and feline immunodeficiency virus, 

Immunosuppressive therapy with cyclosporine and 
prednisolone is initiated perioperatively and continued in¬ 
definitely. Treatment is monitored by frequent measure¬ 
ments of trough blood levels of cyclosporine. Potential 
complications of transplantation include anesthetic and >w- 

gical complications, obstruction of ibe transplanted ureter, 

infections caused by excessive immunosuppression, pyelo¬ 
nephritis, and acute or chronic graft rejection. Transplants 
tion cannot be regarded as a cure for renal disease m an 
option for emergency treatment of renal failure, but it can 

be expected to provide art improved quality of life and 

enhanced survival in some cats with renal failure, Details 

of the program, surgical procedure, and criteria for case 


selection are available (Gregory, 1993; Gregory' and Gout- 

Icy. 1993 k 



Physio fogy of Micturition 


The storage phase of micturition is characterized by sympa¬ 
thetic dominance, with sympathetic innervation to the blad 
tier and urethra supplied by the hypogastric nerve. Activa¬ 
tion of ^-adrenergic receptors in the urinary bladder 
facilitates relaxation of the detrusor muscle, whereas stimu¬ 
lation of o-adrenergic receptors in the bladder neck ant! 
urethra, facilitates smooth muscle contraction and closure 
of the outlet. Additional urethral resistance k supplied by 
the striated muscle of the external urethral sphincter. As 
bladder volume and pressure increase with filling, afferent 

information is transmitted to the central nervous system 

via the pelvic nerve and spinal afferent pathways Voiding 

is initiated by voluntary control centers in the cerebral 
cortex acid midbrain. Efferent impulses are transmitted via 
spinal pathways and the pelvic nerve in the parasympa¬ 
thetic system, initiating contraction by siifiMilaiing ehoJmrr 
gic receptors in the detrusor muscle of the urinary bladder. 
The sympathetic input to the bladder m4 urethra is inhib 
ited* si! lowing outlet resistance lo drop appropriately After 
complete voiding, the system is reset for storage (deGroat 

and Boptb T 1980 ) 

Disorders of urine storage usually result in urine leak¬ 
age, whereas disorders of voiding result in urine retention, 
incomplete voiding, or incontinence Most disorders of 
micturition can be classified and managed based on the 

status of urinary bladder (hypocontracl ilc or hypertonirac- 

tik) and urethral (hypotonic or hypertonic) function (Mo¬ 
reau and Lappin, 1989; Barsanti, 1993), Diagnosis is usu¬ 
ally based on evaluation of historical, physical, arid 

observational findings, although specialized urodynamic 
testing is required in some instances. Pharmacologic agents 
are valuable in the management of functional micturition 
disorders; manipulation of urinary bladder or urethral 

smooth muscle tone can aid in facilitating normal micturi¬ 
tion, Because pharmacologic activity is directed at the end 

organ (postganglionic receptors in the urinary bladder or 
urethra)* agents arc applied similarly in both neurogenic 
and nun-neurogenic disorders (Table 29-3), 


The Hypocontractife Urinary Bladder 

Problems resulting in hypocontractilc urinary bladders in¬ 
clude sacral or suprasacral neurologic lesions, acute or 
chronic overdisienston of the urinary bladder, disorder* 
causing general muscle weakness, or dysautonomia. Uri¬ 
nary bladder contraction is primarily controlled by para¬ 
sympathetic (cholinergicj input. Cholinergic agents have 

been used to promote bladder emptying in atonic Wadders, 
although the success of orally administered agents is unreli¬ 
able (Finkbeincr, 1985), Bethanechol chloride is adminis¬ 
tered at scarfing dosages of 1.25 to 2.5 mg (cats), 5 mg 

I small dogs |, and 1 0 mg (larger dogs) every S lo 1 2 hours 

Full effects of the drug should be apparent within 1 to 2 
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search for underlying urinary tract infection, neurologic 
abnormalities, and other cau ses of incontinence ts irnli- 
cased.. 

The Hypertonic Urethra {Functional 
Urethral Obstruction/ 

Inappropriate urethral resistance may Lead l u functional 

urethral obstruction and urine retention. Urethral inflam¬ 
mation or spasm can dev clop after urethral obstruction with 

uroliths or urethral plugs. Urethral resistance also may 
be uncoordinated with bladder contraction as a result of 
neurologic disorders or idiopathic causes. Urethra) resis 

lance also may increase when bethanechol is administered 
for hypoc on tractile urinary bladders, the drug also stimu¬ 
lates coniracLioas of musculature at the bladder neck. In 
these situaLom, phonuacologic manipulation may be insti¬ 
tuted to decrease smooth or striated muscle contractility in 

the urethra and reduce outlet resistance, 

n ■ Adrenergic Antagonist* 

«-Adrenergic antagonists are the preferred agents for de 

creasing urethral smooth muscle lone and are experimen¬ 
tal Jy effective in reducing overall urethral resistance in. 
dogs (Khanna arid Goniet, 1975). their activity is less 

predictable in cats, in which striated muscle predominates 

in the urethra, Phenoxybenzainine has been a commonly 

used a -antagonist in both dogs and cals fBarsanti cl ah* 
1996; Lees. 1994), Phcnoxybcnzaminc irreversihl y inacti¬ 
vates a - receptors and may have i central effect on striated 
musculature (Wein, 1994), The drug is available in 10-mg 

capsules and is dosed at approximately 0 25 mg/kg PO 
every 12 to 24 hours (Moreau and Lappin, 1989), Total 
dosages usually range from 5 to 20 mg (dogs) and 2 5 io 
5 mg < eats), Efficacy may be discerned by judging the 
quality of urine stream produced, Phenoxybcnzaminc is 

expensive, sometimes difficult to obtain, and is only avail 
able via an emergency drug release in Canada, The drug s 
availability may be further limited because of the discovery 
of its carcinogenic potential in rats (Wein, 1994)- 

An alternative, and more seleciive, ai-antagonist is pra¬ 
zosin (Fischer et ah, 1998 1 . a drug that has been recom¬ 
mended in the management of heart failure and systemic 
hypertension in dugs. Extrapolated dosages are 1 mg pc*i 

J 5 kg body weight PC) every 8 to J 2 hours m dogs; dosages 
of 0.25 to 0,5 mg every $ to 12 hours seem reasonable for 
cats Because total dosages of 1,5 to 3 mg PO every 8 

hours are used for functional urethral obstruction in hu¬ 
mans, however, lower dosages may be effective in small 
animals. Additional ci-blocking agents cm the horizon in¬ 
clude terazosin and doxazosin (Wcin, 1994). No informa¬ 
tion k yet available regarding their use in small animals. 

Adverse effects of a-antagonists include hypotension, 
reflex tachycardia, and gastrointestinal irritation Nausea 
can be minimized by administration of the drug with food 

The drug may be dangerous to animal* with cardiac disease 
receiving other vasodilators or diuretics and to animals 

with renal disease, in which drops in perfusion pressure 
could precipitate an acute crisis. Any evidence of weakness 


should prompt withdrawal of the drug <>r adjustment of 
the dosage. 


Striated Muscle Eel a*unis 

If manipulation of urethral smooth muscle does not suffi 

cientiy improve voiding, addition of a striated muscle relax¬ 
ant may he considered. Striated truisck relaxant* are panic 
ulariy useful in. dysuric patients with upper motor neuron 

lesion* and it' cats with functional urethral obstruction, in 
this specie* striated muscle predominates in the distal ure¬ 
thra and likely contribute* most to functional obstruction. 
The most common muscle relaxant used for urethral resis¬ 
tance is the benzodiazepine diazepam. The drug serv« as 

a short-acting muscle relaxant by centrally mediated ac¬ 
tions, and its effect on urethral striated muscle is variable. 
Diazepam (0.2 to 0.5 mg/kg PO) is recommended as a 
temporary agent to facilitate bladder expression or to aug¬ 
ment weak voiding; the agent is given 15 to 30 minutes 
before expression (Lees, 1994), Dosages for cats range 
from 1.25 to 2,5 mg/cat every 8 to 1.2 hours; sedation is. 
common with higher dosages (Lees,. 1994; Barsanij et aL 
1996). In dogs, total dosages of 2 to 10 mg/dpg are given 
(Labaio, 1992; Rosin, and Ross, 1981). Adverse effects of 
diazepam administration include sedation, weakness, and 
paradoxical excitement. In call, behavior changes and idio¬ 
syncratic: hepatotoxicity are additional concerns. 

Dantrolene is an alternative striated muscle relaxant that 
has recently been investigated in cats. Dantrolene acts a* a 
direct muscle relaxant by inhibiting calcium movement 
from the sarcoplasmic reticulum in muscle cells. 11m* agent 
(I mg/kg IV) wa* effective in reducing segmental urethral 
pressures in healthy male cats (Siraetcr-Knowlen et ah. 
1994) and. in moderately reducing urethral pressures in a 
small group of recently obstructed eats (Siraetcr-Knowlen 

cl ah, 1995). The effect on urethral musculature was en¬ 
hanced bv the concurrent administration of prazosin 
(Straeter-Knuwfen et ah, 1995), Recommended oral dos¬ 
ages me ! to 5 mg/kg PO every & hours in dog* and 0-5 to 
2.0 mg/kg PO every 8 hours in cals (Pol/in and Osborne, 
1985). Potential adverse effects include sedation dizziness, 

weakness, and gastrointestinal upset; the drag is contraindi¬ 
cated ip patients with cardiopulmonary disease. Hepatotox- 
icity is a worrisome adverse effect of dantrolene adminis¬ 
tration in people, usually sifter long-term treatment at high 
dosages (Plumb. 1995k Clinical reports regarding the use 
of oral dantrolene in' small animals are Lacking 

Treatment of detrusor-urethral dys-synergia has been 
unre wording in repeated coses (Barsami el aL 1996; Black- 
well. 1993; Collins et al., 1986; Gookin and Bunch. 19%). 
In the author's experience, dogs with dysfunctional voiding 
in the .absence of compressive neurologic disease are often 

responsive to manipulation of smooth muscle resistance. 

Pharmacologic manipulation of urethral tone in cats with 

dys-syneigia or functional obstruction and dogs with sus¬ 
pected striated urethral dysaynergia is less rewarding. Re¬ 
covery is also related to the degree of dcininor damage 

sustained by the time of diagnosis. Detrusor-urethral dyv- 

syftcrgia associated with acute, reversible neurologic dis¬ 
ease usually has the best prognosis- fur recovery. 
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Idiopathic hctnaluria, dysuria, and urethral obstruction is a 

common clinical problem encountered in cats Feline «n> 
itrgu x\nJronu‘, idiopathic feiint lower urinary tnu t dis* 
ease (iFLUTDl. idi^/wth re feline hemniuriti. and feline 
intendlud cystitis all are terms that have been used to 
describe this combination of clinical signs when urinary 

tract infection, urolithiasK neoplasia, and other cause; 

have been ruled out,. Many pharmacologic agents and treat¬ 
ment strategies have been proposed tor management of this 
disorder and for prevention of recurrence The apparent 
efficacy of any therapy for eats with idiopathic disease 

should be considered eft fight of the usual se If * li mi ting 
nature of this disorder, and pharmacologic agents should 
be administered only after assessment of die likely benefit 
and possible risks of each treatment (Knitter, 19%; 
KalLstein et a!,* 1999k 


Urinary AcidiSers 

Manipulation of urine pH. usually by dietary means, has 
become a common straiegy for management of FLUT'D. 
The strategy is most likely to he .helpful ;n cats in which 
struvite crystal I uria is a significant component ami does 
mu eliminate recurrence in all cats with idiopathic disease 
(Kruger et ah, 19%. Buffington and Chew. 1994), Supple¬ 
mental addifter* such as ammonium chloride and dl- me¬ 
thionine are considered if nomcidifying diets are con¬ 
sumed, Acidifying agents supply an achl load, that res tilt** 
in consumption of bicarbonate buffer and acidification of 
body fluids. As the avid load is excreted to maintain ho¬ 
meostasis, acid urine is produced (Taton et al., 1984 k The 
recommended dosages of ammonium chloride range from 

4(1 ii» 200 mg/kg. per day, whereas t» -methionine ■* admin¬ 
istered at a dosage of 200 U> 15(M) mg/eal pet day. The 
agent is given wiih food once or twice daily. Adverse 
effects include gastrointestinal upset and vomiting. 4. com¬ 
bination agent with reduced amounts of ammonium chlo¬ 
ride and dl- methionine (IROEZE) has been recommended 
to minimise nausea associated with urine acid mens (Senior 
et ah. TOb) 

Overaddificatiun is another possible complication of 
mine acidification in cats; young cals and cats with renal 
insufficiency arc most susceptible. Long-term administra¬ 
tion of urinary acidifiers may contribute fo metabolic acido¬ 
sis, hypokalemia, hone and mineral imbalances, renal fail¬ 
ure, and vukiuni oxalate urolirhia.% (Ching et al.., J992: 

Dow et al„ 1987a; Kirk et al,, 1995), Hei ni body anemia 
and mctbcrwtglobincmw have been observed in kittens 
treated with Dl-meihiuninc as well as in adult cats treated 
with high dosages (Maede cl ah. 1907k Arrhythmias and 
central nervous system depression are serious compile* 

lions of ItigIt-dose ammonin m chtoride administrution 

Both agents are contraindicated in patients with hepatic 
disease, as the administration of an ammonium load may 
potentiate- hL-palocikrephaJopathy. Serial monitoring of clin¬ 
ical status, complete blood counts, acid-base, and electro¬ 
lytes is recommended during therapy. 



Urinary antiseptic agents have been considered as ad¬ 
junctive treatment in FLUTD because of their antiviral 
activity (Kruger et al . 19%), Viruses including herpes vi¬ 
ms, feline syncytia-forming vims, and feline calrciviius 

have been implicated in site etiopatbogenesis of FLUTD, 
although a consistent cause and effect relationship has been 
dilfieull to establish. Die agent* are more commonly used 
for antibacterial and antifungal properties, but these are 
uncommon causes of urinary disease in cats, The most 
commonly suggested antiseptic for small animal usage is 
methenamme, acyclic hydrocarbon administered in combi¬ 
nation with cuter mandelic acid (methertaminc mandclatc) 
or hippuric acid (meihenamine hippuraick Mundclic avid 
and hippuric acid serve to acidify the urine and may exhibit 

some additional antimicrobial activity. With sufficient con¬ 
tact tunc in acidic urine, mcthcnaininc is converted to 


formaldehyde, a potent antimicrobial agent. Mcthcnamine 
is contraindicated for patient* with renal or hepatic insuffi¬ 
ciency* and As use may contribute to overacidificaiion like 
otter urinary acidifiers. Otter antiseptics or analgesics con¬ 
taining me thy Lene blue of azodyc* should be avoided in 
cats because of she potential for development of Heinz 
body hemolytic anemia. 



Glucocorticoids have teen recommended to alleviate uri¬ 
nary bladder or urethral inflammation in cats with iFLLTTD. 

Anti-inflammatory effects of glucocorticoid* on leukocyte 
migration* vascular permeability, and amchidonic acid me¬ 
tabolism would be expected to suppress the inflammatory 
symptomatology and hematuria associated with this disor¬ 
der Treatment is baaed on the assumption that persistent 
inflammation leads to hematuria Although it appears that 
glucocorticoids do little to a her the course of typical idio¬ 
pathic lower urinary tract disease (Osborne et al,, 19%), 
some clinicians recommend glucocorticoid administration 
(prednisone or prednisolone 1,0 to 2.0 mg/kg every 24 
hours l in cats exhibiting chronic* recurrent, or refractory 
idiopathic hematuria and dy suite tRoss. 1990), No convinc 
mg evidence has been presented lo establish that glucocor¬ 
ticoid* alter the natural course of iFLUTD, however. 

Glucocorticoid administration aFi 1 is not without risk. 
Refractory urinary tract infection and pyelonephritis may 
develop* especially when glucocorticoids are administered 
to cats with indwelling urinary catheters (Harsonti et al* 

1992), Prophy lactic antimicrobial treatment does not ap¬ 
pear to reduce the risk of catheter-induced infection. Gluco¬ 
corticoids must he considered contraindicated for cats with 

I H • IB g 

urinary catheters in place or with evidence of bocteriuna. 

The catabolic effects, of glucocorticoids also may be haz¬ 
ardous in debilitated, azoiemte, or dehydrated cats i Kruger 
ct al., 1996). 


Antispasmodic Agents 

Agents* that relax smooth w striated muscle of the urinary 
tract have been advocated for symptomatic relief of poUaki- 





Hidden page 



Hidden page 



550 


A S^cim Appmach 


WaJLham Boot erf Cluneal Nutrition of ihe Dog m • Oil p 31.1. 
Oxford Eng Land PtrgajiKwi. IW4 

11: ■ > w r. SA [ "> i L' .l; ■. liny acid supplemental Lon and chronic renal di tease. 
Phk: ] lih Am Coll Vet Imem Med horum p 4 ,1) L uk-. Uuou Viita 
FL. 199?, 

Brown SA, Brown ('a. Crowell W \ d aJ: Dietary .ipid cnmpiwiriim 
liters ibe cbro&ii course of canine renal diKiu. J YW Intern Mod 

im Ur. 168. 

(tmwtn SA. ’■ nmdl WA. Birunli /A. rt al. Renelk- 1 al effects of diet.ary 

mineral it’diictitm m dogs wrrh natkoi reduction of fbiKUonal rtral 

mpa. J Am Soc Nephrol I99L1 1; 1169. 

Baian SA, Finer* DR: Rrasvuintnl of the uw of [ititiiol in dnaif 
renal itulwt In Bompin ID led): Kirk s Cinrmi Vctmnaj Therapy 
ML SfittJI Animal Practice. p 965 Fltfadflphia, Wi Sounder, 1995. 

SA. Fiitrci UK Crowell WA, el jil Single -Ik phrutl adapbHiutB lo 
partial ierwl shlflium in the deg- Am J Physiol I9W1; 25X: F495. 

Buftinjlon CAT Blaj'addl JL, Bittn- SR Chew DJ Decreased urinary' 

gl> .:iKamimigtycan in cats wirfi kliupailui: lower urinary trad dijease 
j Yetr I mem Med 1993: 7: 126- 

Bvllmprxi CAT ("Tiew [>J. Lrwa urinary tract Jiscavc :i late: new 

directions Vti Clin Nw iw | 53- 

t AT. Chew DJ. fJ*N*td. SP: InterviliaJ cptins in c*U, Vet 
Clin North Am Small Aaim Ptjci 1996; 26. 317. 

Burrugr M Sc finer RWf Protect h*i fdwi acute reml Failure. Vlv Rip 
Med Bhv] 19»6. 2 12: 275. 

Caronr i Vcreel Is D, Bertapcllc V: bfTcecs of nrapmte or anorectal and 
ttucnwrthrtl NlIhiq in spinal ccutl injured pwienls, Panplegia 
1993; 31: 155, 

(.'after Li. WinghekI WE. Allen TA Clinical experience with peritoneal 
■I -i vi in small animals Compcml Comm Fdw Pruct Vei 1989 
II: 1333. 

Chrw DJ: Fluid ilv^ty during iruniKir renal failure In Ethanol a SP 
(etlK Field Therapy in Small Animal Ptanbee. p 5H Philadelphia. 
WR Sjunders 1992. 

Chew DJ» LHhiiioii SR Cnsp MS Pern:meal dialysis. In Pihwmrfa SP 
r<d>: Fluid Thetupy \a Small Aftimat Practice. p 573 Ptiibdetp* a. 
WB Saunderc 1992*. 

Chew DJ, DitarloU SR Nugude LA, Starkey kJ Phraptam* renirirtion 
m the treatment of >dtronic renal failure It h rk RW, bompn JD 
(eds). C-uirem Veterinary Therapy XL .Small Animal Practice, p 853. 
Philadelphia, WB Saunders. 19926. 

Chew |>I. Nogoda LA. Carolines MA. SiemmcjfCff CL: Cokifnol treat- 

rruerti »f renal cev’ceidary hyperparathyroidism in dogl anti calif. Prrar 
] .th Am Cod I 3tfl talent M«l l-.nu n, p 16+ WashihploA, DC, IW.I 

Chew 01. Buffington CAT. et al. Amilriptyhnc treatment for seven: 

Itaimn dupahic iyiHln in cals. J Am Vet Amk 1998; 213: 1282- 
Ok*w D: Flu'«d flwapy during uioiniic renal faihire. fa DdBartola SP 
redi: Fluid Therapy in Small Arumal Ptacticc. 2nd cd p4|fl. PhiLadd- 
phu. WB Sautidefv MB. 

thing: SA From in Ml. Humar PW, or al' I he effect nl clwaic rhetaiy 
•eMiticsiun uMg. aonnuruuni chJuride on atid-baw and mineral and 
hone innahrliMn in adult cats Am I Vet Res 1992; 53' 2'25. 

Clark KL, Rohed^on JM, Ore* GM Du twtal it^wlir dopamine receptors 
mediate dnptmtiK- inducinl diurcs+s in (k aneKtheiired cat" I Cardkv 

pfiimucdl 1991; 17: 267. 

C'-Ihrb' BK, Mnore CP ffujee IH: Sirffmamidr-assnciMed kmincoujunc 
uvitis 'i-. a uid coeiiBal ukTttahrti if a dyuiflc dog- I Am Vet Mod 
Assoc 1986: 169: <?24. 

c,.wgj!i LO Phrases of the ki 4my, In Eitmjei SI -c4 Teitbook <:rf 

Wteiinary Iniemil Medicine. 2nd cii p 1843, Philadclphu, WB Satin- 

ders. 1983. 

OmfU 1_D Medk id nui^ifMKnl ol die anemia of chvnk renal fiihirc 
In OsbtnncCA. Fmco DR red*i Caaiint and Fdme Nephaology -nd 
I rokif y. p 53$. Baltittinft, Vr-ilJj^te & Wilkiw, 1995a 
Cowgill LD CVT I’pdade: use erf rccomhuurn human nyihtt(Mieiio to 
Hunajpjra ID ted) Kirk'i Currcrd Ytiernmy Lhciapy XU, Small 
Animri Practice, p 961. PtiilodclpluiL WB Saunder*, 1995b. 

f mfill I D Velemury bemodtalysis: of the rmAcicncc. Ptk 14th 

Am Coll Vet fntcni Mid Forum, p 36h. Sap Antonio. Tcsas. 1996. 
Cowgill liJ Feldman B, Levy I, et j.< Uficacy of recomhnani human 
(fyrJiKfi'jieiin (rHuEPO) for anemia in dogs und cats utih irnjtl 
f*i linr I Vet Intern Med 1990, 4; 3 24V. 

Cow gill LD Kalleti \J. Syncnk hypertensHm. In Kiii RW fpd.»: Current 
Veterinary Fher^t) fX Small Animal Pncttcc. p 36D Philadelphia 
we SiUTtdnv 1986. 


Cowgill LD. MaOrtzki CH: CVT upduie: vetcrinury' applicaJUMi of bemo- 

diAlytk. In Hougun I (cd] Kirk s Current Veterinary Thcmpy XU. 

Small Animal lYulice. p975. nuladrlphia, WB Sounderv 1995. 
CHsp MS, Chew DJ, Dibonola >R el at: Reritoneal dialyshi ir dogs j.i i.I 
cats: 27 case* f|97(^19S7). J Am M;i Med Assw 1989, JW 1262. 
dK’pfoai WC Booth AM; ITiviuoiogv of ij w bladder m;l weihra, Aon 
Intern Med im 92: 312-315. 

Denton MD. Chertr>w C»M, Brady HR: "Renaldopamine for ihc 
ireMmenl of acme renal fail or; scientific rat iotute. ex peri menial Und¬ 
ies arel dmmi malt Kidney 1m IW; 49- 4, 

PiBafttila Sl‘ Bohut KID: Pathi^cftnis uf ! eachve systemic amyloidusi*- 
) Vc( Intern Med 1989; 3; 31. 

Difiatdli SP. rt al: Development ui cfetronie reaal disease m cats fed a 
commcTTial diet J Am Vef Med Auwtc 1993; 202: 74-1, 

IXjw sw. FcPman XU Renal disease to cats: the pcAaMium [cmieoicH. 
In Kirk RW t Bonarstiin JD (edii: Cwrem Vc ten nary Iberapy XL 
Small Animal Rnthce. p 820 ptuladelpfua. wjj %mmk stv, 1992. 

Dow SW, Fetlnun Ml, LeCeutnir RS Potassium depletion hi cais: rmai 
and dielay influences J Am Yd Med Assoc 1987*, 191; 1569. 

Dow SW, Fetiman MJ. Smith KR, « al: Effect of dietary acidification 
and potassium rlqplrtiati « ^ Thuc bnhKx, mineral ibetdkiliint 

and renal fiutctlon in hiIuIe cab. J Nutr 1990. 120; 569, 

J>]w SW, Ijpcnuna KA. Fcnmin MJ. ei ol: IViiuuuin depletion n cab: 

hypokalemic folymyopathy J Am Vet Med Auw 1987b; 191; 1563. 
FJ-SaJmy S, Downic fW, Awad SA: L'reihraL function after chronic cauda 
ei|iiiiu hkau in call. L Hie coatnbaxioe of mechanical factors and 
sympathetic innervation m ptnaimal sphincter dydunctiiiD J Urol 
J99(h S44: I02Z 

Finco DR, Brown SA, Crowell WA, d al: Effects of dietary phnsphcTus 
and pnitcjn ij- dngi wuh ctmnuc fenaJ failiwe. Am J Vrl R*s 1992: 
51; 2264. 

Fine*».DR, Brtvwn SA. Cnrweif WA. e< al, Eflted* erf dietary pmtem intake 
on geriwv dngii wish reduced renal mau. Am 1 Vet Res ’1994; 

55: 867 

F-ncu DR Low DO; Intensive diuresis in pulyurk rertal fiihirt In Kifk 
RW' (edi Citneni VeieriDarj Therapy VII, Small Animal Practice^ p 
1091.. PhiLadelphla, WB Simufcn. 1980. 

Fuikbcmcr 4E: h bckhaitechol chlorate cftectlic in promoting Madder 
emptying? J Urol 1985, 134.443. 

Fndfer JR. L sue LF. Oita A: llmlrd pressure prolile and hemodynamic 
effecLS of phenolytoenumioe and prezoain >r ihc connc mole urethra. 

{Afamrl.l J Vd Intern Med 1996; 12: 222 
Funnier S D. Lee* OE Reiml rtuniftuaiions erf pofysyuemir thseare^ In 
Osbonv CA. FnKo DR iedu: rjnire and ReLtne Ntfhrolnfy and 

UnHogy, p 491. Bafcinwre. WilUmm it WjllorH, 1995 
Friberg S- BO ■ :o die trtairoem of superliciai cancer of the btaddrv a 
review. Med Docol Tine or ftiameodier 1993 + IB. 31. 

Gau %, Bwf&fton CAT An ILS: Effect to mtentilHl cysiitts ™ dr^g 
shnorptiun from urmary Madder. I J^armacnl Lip Tbrr 1994; 27J: 
818. ' 

Gaovanetti S, Cnpisti A. Banotti G: The metabtok aewkwh of chrottK 
renal iistfuee: patbophy^itoogy and tremment. Comrib Nephrol 1992; 
HX): 48- 

Gookin JL Bunch 5E: Detroior tthmed sphincter dyssyner^ia in & dog. 
J Vet Intern Med 1996; I" 339 

Oniuer CF, DiBantoa SP Glomervlw dtttttcv to Ettingcr SI, Feldman 

IRK feds I Te«book of Ymiiury JniemaJ Medmuie. 4th ed, p 1760, 
Ffsilwl«Jpl»ik. WB Saundcn. (996. 

(irautr CJF FrtsWe DD. Snyder PS.et al: Ireaimeat at' wemhnttopnA iter¬ 
ative gkimenilonepfantiii ind iieflmMic vyndronK in a dog with a 
tfetimhtiune synthetase inJubitOf-1 Vsi Intern Med 1992: 6: 77. 

Ckauer GF. Greco DS, Getzy DM. rt al: Effects erf cuUpnl m Jogs with 
gkmtenrlopallry (Abstract > J Vet Intern Med 1999; 13: 250. 

Gnuer GF TXT vpdiie: Canint gkimenitoKphhtji. In Bmafiua J |ed|: 

Kuk i UurrentTherapy X11J, p X5J. PfcilaJdphia, WB Saundrtv 20W>- 
Grr/ory CR Renal rnmsptoatahotr in cam* Compeod Cuntia Educ Prats 
Vet 199* IS- 1325 

Gregory CR, Gourtey IM Organ Lransplacflatwn in clinical veterinary 
medicine. In Slutaer Ml fed) Tnihooh to Small Animal Surgery . 2nd 
ed. p 93. Philadelphia. WB Swindm. L991, 

Gregory CR, Gourtey IM. Kochui EJ h et aJr Renal tnuptaniaikin for 
Treatment of riMj-iogt renal failure in caii. f Am Vrl Med Ashk 

1992; 201: 265, 

Grays B. Sijeiu RI. Biewenga WJ Dubious effect of dimclhybidfojudt 
therapy on amyloid deposit* and amylcwJnjgs Yfct Res Comcnun 1981; 
5 21-32, 




Treatment of Urinary Disortfcr* * 551 


liall W. f'.iii A> CM Wj, «i Omega 3 fatiy acid suppIcmefWUHin 

in primary nephron ic fyndromc: effects on plasma liprdt and oo^gnlo- 

pa ifi). J Am Sot Nephrol 1992; 3 J32l> 

Ifcnik R\. S-nyttet PS Yolk LM: Amlndipinc hisylaic therapy in cain 

t* ith arteoal hypcrtcmnn wnodsry to ehmnK ren&s di>•««? 

(Abstract, e Ptoc l2Uh ACVJM Fmum. San Francisco, CA, 1994. p 976. 

H■ HirlleT TH. Ol*nn Jl Rcnrktr HG, el ul: Hypcrtilmtiivn in remnant 
nephrons; a pdcntiilly advRse response to renal ahliinn. Am J 
Physiol m : i 241 r P*5, 

Jacob R Pol z in D, Osbunte C. rt al: SpwtLmeoiii dponn renal failure 

|CRFi i>i lit..:* Dietary influence m n.^m.J fwpgrc.. {Abstract.! J 

■Via. I mem Med 2«IOO; 14 55tt 

Kiiltleji IS, Kroger /M. (Wjojw (1A Feline iilkirutlne lower unitary 
tract dwaiir, Pint tV. Thcniptrolit «ptxw C’nmpeml ('■ >nffm lid lie 
Pt^i Vet iW, 21 497. 

Khjmu OP Gnnkk P Effects '.if pfvntivy hen/arniiwr w canine Imcf 

urinary (met. Uroi.,-- .. 147-5; .123. 

Kina LG* Giger U, Diimm D ti al: Anemia of chronic renal failure m 
dtffs J Vri tiHt-m Med 1«; 6: 264, 

Kirby R. Amir rcrui failure a* a com plication in the dfUciJIy ill animal. 

Vd rhn NL«ih Am Small Amro Pi.art 19H9: fv IIH9. 

Ki. k l A, Lift.- C\ el .l . LvaliuliiHi uf fact *111 uMiaatnl with ilnvltip- 

merit of akkim imUatt: jhitnftias j« in eats J Am Vet Med Avusc 

1995, 2(17 1429. 

Knapp DW ei al TVoucui therapy in 34 dog* wi|ih [raAsmonaJ celli 
carcimrma of tin; urn ary Madder. J Vei Intent Med 1994. 8: 273, 

Kruger JM. 0-hurra CA. Lulich IP Man afcmnti of nuiwbmvdiir 

idiopathic feline lower umarv iriKi disease. Ve! (Tin North Am Small 
Aldn Ptuyi 199b. 26. 571 

[jMi> MA: Disorder* itf mictuniKHi In Morgan R (cd|r Handbook of 
Small Animal Pbriicc, 2nd od, p fill.. New Viwi, Churchill Living¬ 
stone, 1992. 

Lamg EJ. Miller CW. Cochrane SM; Treafnaeni of cyc lufAraptuunide- 
indueMl hrmorrtugic cystitis in five dojP J \ni Vcl Med Assoc I9BK, 
193: 2.LL 

Lane IP DiMmdcrs of tnkumsion. In Osborne C, Pinto DR icdsf; Canine 
and Feline Nephrology and l.irojugy, p WV fytimurr, Williimi & 
Wilkin*. 1W5. 

tjnr IP, Bartgo, JW Trcaiipg reft acton' iilidpadiic Itro^r uriitin tract 
djrfi^ei Ira c«lL V« Mhl 1999. 94. 633. 

I jne IF, Carter U, Ijipptit MR: Peritoneal dialysis: an update on method* 
and usefutrKss. In Kirk RW led): Current Vetefirwy Therapy XL 
Small Animal Practice. p*b5 Philadelphia, WB Saunders, i '(92, 
Uw IF, (Vrauer <Jh Penman MJ; Acute renal lalurt Part l: ItiA ia'lun. 

prevention and smutfor pmaiun. Contpcrai Comm Ediac Praci 

Vr* IW; lb; (5. 

Lanjjm* CE, Cera gill t.D, Spann J: The application of he modi id yn* in 
Laemic c-tiiv a m trv of 24 cares. J Vet Imctu Med Wh: 10; IfiiS, 
ljpp*n MR, Ranuirii JA. l>nwD' incunlwience necumlary to 'dtof>M,hu 

decruMf iimahiljiy: oysEometrvi^mphic (hagiuives iind phvmacolnjpc 

to 3 Aagcn]cm in 2 tbf» and j cal J Am Vel Med A*-ck 1987. 
19|; 109 

Uc» 0|i: Marotgeinciii of tending dis'jluluy ltdlawing relic) id urcihraf 
otHOVtioR* In Wgsi*t JR ltd): Cufmuliaiin* to Ftlde Inlcmai Medi 
cine 2, p 365 FTiiladctptuir WR ^mnehrs, |9d 
Lindner A, Culler RE, GiXhlman 3VG Synergiiun nf duputchine pluv 
rurrMcmide in pncvcotui| acme renal failure in iK dog Kidney Lm 
1979; fhc 15S. 

Lmjg GY: Feline urnlogic *ymironie In Lcwer L'nnary Tract Diseavev of 
Di»gs uhl CjIh. DmenuMi* Medical Manuremenl, und Prevenlion, p 

179 St. Louis., Vto*hy. 

Ling (iV; DiHjrtlerv >.sf muon |a Lmg GV icdi U^.r Unitary Traci 

Piwuci of Dap and Cali: t.h»gno»i*. Mcdica! Management, and 
fAe^etilion, p 192. Si LouK. UMp IWSK 

Liormin MP Updaif: imuiltnl of hypcrtcriiwi in dog- and catv. In Kirk 
RW. Bunuipifli J IF teds |: Current Vturinay Thernpy XI Snmil Animal 
Pnnitice. p 838, Hiiladelphia, WB .Saunders, 1992." 

IJ^v’li F Hy pcrcoagulahiliilyt renal vein ihromtK>vis jnd uthei ihturnKitiL 
L'ompIxjtKm* of nephrutic cyndrome Kidney ltd I9K5, 28 J?l 
LI jnh E Hover J: Kenol fKtendystrophv. In Brenner BM led I Bimner 
nod Recioe'* The K^lrcy. 5[h ed, p 2187. nulaklphu, WB Soun¬ 
der*, 1996 

inoglwfci SLt cl al: Renal funci'ioir in bant fatliwe dog* receiving 
fiirKemuIr and malapif ml cate. J Vet Intern Med 199 K 7: 121. 
Loughofer SL, ( ulham CA. Fn»bic DO, el aJ. ElTevtv of 


nnthetiM inhih ?kw t» immuae tuitipki gfnnicrulonrpluilis. Am J 
Vri Reg 1(91; 52: 480. 

Lulich t. Osiwrme CA, O'Bficn F, el al: Feline renal failure: quevtiniK, 
auwers, qumiurif. Cumpcml CaMin Educ Praci Vti 1994; 14: 127 

MacIntyre DK, Royer N MnifirnviM of kuIc renal ^ililfr in CfilK'dt 

(ulRBH recthKkl erwerm Vnc I5di Am Oil Vet Iniem Mod 
Forum, p 10 lake flnena Vim. FL„ 1995 
Maedc V. tkidviu T Inaha M. Methit mine inucmlf in cab. Am J Vei 
Re* ]9fi7: 48: 289. 

Mardcr A: FSydiutropk dnip wld heti*^i<wai therapy. W* Clm North 
Am SwjJ I Aniir TVa« 1991; 21: 329, 

Marts SL Straeicr-KjM™leu 1M. Knowlcn GG, cs a): The ffleds of 
phraoiybcn/jinunc jind accpronuzinc maicaic on urethriJ preswre 
profile* of aabftkUKd healthy male cata. J Vcl Jnkm Med I99L 

7: 122* 

Mjwtiy Cl, Meric SM Crichlow Ff, Papich MG Rhsumacokific relaa- 
ati <jo tjf the urethra -a mole cal's- a study >4 (he effect> of phenoxyhen^ 
zamiiK. diazepam, nifedipine and lyliflnc. Can J Viet Rea 1990, 
55; IS, 

Mr^ng EM: Iahiuilial cysiiiU and related syndrnmtv In WaJih PC 

Reiik AS. Msme) r TA. el al fedsp i amphcll * I rolt^y. ■fith cd, p 982 
EAiil add phi a, WB ^uiAders. 1992. 

Miller H H, fkotr DW. Wellington JR: Nontlrmidal management nf ea- 
jure pruniui wuh amitriptyline. Cumell Vfel 1992 82, ii. 

Moreau PM. Lappin .MR Pharmacologic manipuUlinA >nf mkhiAiion In 
Kirk RW ted) CXpical Vietersnatv Therapy % Small Aninwl Pwiirt. 
p 12 84 Philadelphia. WB Saunders. II9S<L 
Murray MD Bracer DC Renal kniciiy of the mat steroidal «tgi- tiUlamma- 
lory drugs. X' .n.i Rev PturnucLSl Tojuco! 1993, >2 *35, 

tMaame CA. Kruger JM Lulich Ip et at hedrtsohme therapy of idio- 
pachie feline lower urinary um t diuue: a double-Maud ciinKal snudy. 
Vri Clm North Am Small Anim Ptacl I'Wh; 26: W3, 
fttbume CA, Lulich IP. Sudereon SL. Polzin DJ: Tmulmeat of urenuc 
iHHtiu In Bnujun JD ledi; Kirk's Current Veiennary Therapy 
XII, Small Aiumd PtadM.-e, p 966, Phibddpfau, WB Saunden. 1995, 
Plumh IK"; Veterinary Drug Handbook, 2nd cd Ames* Iowa State Llnivcr- 
vrty Pm%% t 1995, 

P«|j.in DJ, James KM, Osborne CA. MetabolK acidosis in tetuJ failure: 
contequcures, diagnosis and trcBJUncnl tn Bmapin JD fed) Kirk's 
Current Veterinary Therapy XU. Small Animal Practice, p 956 Phi La- 
delphia, Wft Sauadcre, 1995 

PoLiifli DJ, Osborne CA: Diseases of Ihe urinary inci. In Davit U (edl: 
Handbook of Small Aninul Thcrapeuticn, p 1 55. New Vnrt, ChurchilL 
Livingstone. 1985. 

Polzin DJ, CMnimc C \ Convert alive medical maoagtroera of chrome 
ratal failure. In (hhutfte C \ FiftCu DR fe«M: < atone and. Felmu 
Nephrology and Urology, p SUB. Baltimore, Wil'.iams A Wilkins, 
1995 

PVil/in DJ, Odwme CA, O'Brien TD, ci id E/feds of pnt.*teth iniakc on 
progreiMoo of cawne chrome renal faHire. } Vei linero M^l 1993; 
7. 125.. 

Rflfijrd RIL Cir real RA C ugulaiioo dmifdery in ghuivniLir diseanea. In 
Kiri RW. Bouagunt J (etK): Cinretn Vcterih*r> Therapy XI. Small 
Animal Practice, p 827. Philadelphia. WB Sawder*, 1992. 

Kithier KP. Uug GV: Climcal rev pome and urethral pressure proflk 
changes tdier phenylpfopHiolMnine admitowatko m dog* with pri- 

mary sphincter incompetence J Am Wt Med Avre 985; 187: 60S 

Rinii AH, Ri-a- l,: Diagraroi and pharm*ct4o|k mprotgemera of diw 
ders of unnary continence m ihe dog. Cnmpend Corun Educ Praci 

Vet 19*1; 3: 60L 

Ho\t I V FI iUI chrtapy for u uti nw9 rhronir renal failurip Wr fliii North 

Am Small Amm Praci 19*9: I* M3. 

8 ivi LA: Treating US in uxnhMruclcd cats and prcvmtmg its mrrcim. 
vies. Med Im IS; 12 In 

Rihi LA HvpcrtcnsKm Uhl chronic renal failure Scmir Vpt Mai Surg 

Small Ajiiro 19W: 7: 22 1. 

Senior DF, Sundstrm DA, Wolfson BB Testing the effects of ainmontwi 
chloride and 11. ittcdi imilK ih) the unitary pH of iJs. Vbr M;d 59S6; 
HI: K* 

Spyndakiy L, Brown SA. Banami JA, el al: 5myloidosK in a dog: 
trealmcnl wilh dime thy Isutfyaide t Am VH Med Aswc 19*6: 1*9: 

Straetef^Kfiow ieai LSI Knowlen GG, Speth RC et al Effect of succioyl 
choline, diazepam ami dunroicnc on She urethral pressure profile of 
healthy, dually inla:t male cab. Am J Vet Ra 1994, 55- 1759. 




SS2 * A Systems Approach 


SvMtt Knourfefi [M. Marks SL. Rtshniw M. ei a!; Urflhral pressure 

response ia umodi and vkdrlul euum - reUunti in iUftlhdiiol. 

adult male cals with naturally acquired urethral obstruction Am J Vet 
lt» IW; S^: 9]9 

Tapp JUS. The effect cA fc% ttoraanes on the letnalc lower tmnirv tract, 
la Caniiva L (edit Update m Drags and the Lower Urinary Tract, p 
Locikd, Royal S^iet) of Mtidtcinc Sflvitn, 1981 
Tama Gfc Hamar UW, U* k UP: EvaJuidion «rf' ultimo mum chloride 4 * 

a urinary acKhfter n the cat J Am Vet Medf Antic 1984 . 184 : 4)1 
Thornhill IA. Hartman J. Uncut GO -cl al SopfXHl of an ancfihric dog for 
54 di)« mill ambulatory peritoneal dialysis and a newly dc^pctl 
pen Dune al catheter. Am J "Wet Res 19JP: 45: 11.56. 

Tom RD: Rem I jircilfidenty due m aogintert^ih-ccfflvertttiig-enryiM inhib¬ 
itors Miner Electrolyte Melab 1994; '20s 193. 

Wg*n .VI: Drug ihcrapy for neurogenic and an o-neurogenic Madder d}v 


fynchon. Eu SeidlBHl EJ, PM ted*}: Ccrmt Untapc Tber^ty, 

f 29 S. Philadelphia WD Saunders, 1994. 

While JV, Finco DR_ Crowell WA, ei al: Effect of dietary protein on 
ruochtitia] rrwpholofic and furtologic change of the kidney during 
ccrapenMrtury hypertrophy. Ami Vet Res 199;. 52: 1357. 

White R \S. Pomeroy CJ Plmy I profane tamme: a.i a ■ adrenergk igcni 
For (he management of armory Lrt&mimem in rite hitch uaocinnd 
with urethra] fiphincier mechanism incompetence. Vet Rec 1989; 

l25t47a 

WilJvsl Mf>: Trewmctii erf hyperkalemia In Kirk RW 1 sd): Current 
Vftniiaiy t he r ap v IX, Small Animal p 94.. PhiLldrlpIlU, 

WR Saunders 1987. 

M'lltuott SJr Tuman of (hr urinary system. In Withww 5J, MacEwen EG 
i«±0: Small Animal Clime dd Oncology 2nd «L p 380. Philadelphia, 
WB Senders* 1996. 



Therapy 







Dawn Merton Boottie 


wo m vascu urn physiology as it 

PERTAINS TO CARDIOVASCULAR DRUGS 

Myocardial Contra trinity 

Adr*riargic flicaptcn 

Tint Action Potirtii*l nr Cardiac Mnscla 

Smooth Mu*eh» <rf the Viacuiatu rt 

Th« Rol# of Nitric Qxida 

PATHO PHYSIO LOGY m CARO I AC DISEASE 

AS IT DELATES TO DRUG THERAPY 
CONGESTIVE It hart FAILURE 

VASODILATOR THERAPY 

Artemi Vasodilator? 

Hydralazine 

Galium C'ij'm-jl 6 c j to r t. 
Pharmacodynamic Iff acts 
Ctrucal Ptiermacotogy 
Oiuj 3nisfictioni and Sitia Ethels 
Clinical Ui« 

AngntensitH Converung f nryme InNhlort 
Pha imacodynam : c Effects 
Cl?'rwc,a I Ptia rrrm co*oyy 

ClffKlI Us* 

Oth or AngiDtansixi^Convifting Enuyna 
JnNbteri 

Artenal and Vwioui Oilslots 

Organic Nitrato 

Sodium N fr&iiRittiif v 

Plwnii 

Nilraglycs rm 

ANTI ARRHYTHMIC DRUGS 

Cardiac Arrhythmias 

Clasi I AFitiintiyttifnic Drugs 

Quintdino 

Procainamide 
DiiopyramidA 
Clan IB Drugs 
Class 1C Drugs 

□ass It Anri arrhythmic Drugs 

Noneltcliv* p-Bloclian 
Selective p-Blockor? 

Class III Amlarrtrydvnie Dings 


□its ft' AnttHThytiwnic Drugs 

Difaazam 
Vfl m pisfsil 

MiiCftllanflOuK Am r>k Drugs 

POSITIVE IKDTROPES 

Oigitalis #ixt Dthar Cardiac Gfy carta* 

Strvdvrt-Actrwty Rataftonthip and 

Machanim of Action 
Clink ii Phirmicology 

Preparations And Donng fcrfurmatian 
Drug Interactions 
□inical Efficacy 

Tonicity and S»di Effects 

Meat SJst 

Phosplwdi*stera» Irtutiitwi 
M ttfry k a nthi OS DArirt trv* $ 

Bipyri#n«¥- 

R-Adruargie Agonists 

Dopa min* 

Dobutamine 

Epmephnne 

lfDprrt*r*nol 

M is c s 1 0 -n ■ (hi s Af ■i tits 

NEGATIVE INOTPQPES 

TREATMENT OF SPECIFIC VASCULAR 
DISORDERS 

Acquired Valvular Disaaaei 
Chronic Mitral Value InsuffitiAnty 
Tricuspid Valvular NitufficiencY 
Dsieasss of dm Myocardium 
Dilated Cinjiomyopathy 
Fein* Dilated Cardiomyopathy 

Hypertrophic CerdiErmyapalhy 

Pathophysiafngv 

Treatment 

Systemic Hypartinuon 
Cardiac Arrhythmias 

Supervarlric m a ■ Arrhythmia i 

Ventricular Arrhythmias 
Gridyirrtiytfrfma'i 


Paricardiai ERurtn 
Path®phy?iul«igv 
Pharmicolflgrc Managam*m 

HYPERTHERMIA 

SHOCK 

□assdie so on ol Shock 
Hypovotamic Shock 

Cardiogenic Shod 

Distributive Shack 
Padiqptiyaiologv 
Sequeiee Whiter ischemia 
Oxygen Ftp« Radicate 
Role ol Nitric Oxide 
Gasuointtttina Banter 
Traatment 
Fluid Therapy 

Blood and Blood Substitutes 
Pretior Drugs 
Miscatteneoja Drugs 

Cardiopulmonary Caretanwuciilar 
Rp suit it* don 

"trash CarT Drugs 
Ca i - iopjlmoi; a ry Carabrefiscula ■ 
Rasutciution Conditions 

HEARTWOftM DISEASE iDlHOFILARlASISI 
Physiofcogy and Pathophysirdofir 
Ocmih Heartwonn Dtseas* 

Th* ra t?v 

Pratraatnwit Asussment 
Sf¥@re Pulmonary Arterial Disease 
rid PretfMtmont Therapy 
Pftfeu mowttt 
Aduhickfe Therapy 

Adiiticidf Drug Options 

Drug Therapy 

Thitcetarsimidt 
Malar? suite® Therapy 

Aft«3m«Uw Adutociies 

Mhcrofilaricide Tharapy 
Prophylactic Therapy 

Fobne Heartworm Disease 


CARDIOVASCULAR 
PERTAINS TO 



AS IT 



Myocardial Contractility 


The rationale for the use of inotropic agents is based on 
mechanisms of myocardial contraction "flic inotropic Mate 
of the muscle reflects the relationship between resting, fiber 
length and peak isometric tension. The myocardium devel¬ 
ops force for contraction and thus the strength to pump 
blood by forming cross-bridges between actin Mid myosin 


myofilaments tn cardiac muscle. The amount of force thai 

the muscle can generate depends on the number of cross- 
bridges that Form when myosin engages actin. Energy 
{adenosine triphosphate [ATP]) causes a sliding motion 
between the proteins of the myofilaments and cardiac mus¬ 
cle to shorten and develop force. 

The interaction between proteins in the myofilament is 
regulated by troponin. Troponin is formed from three pro¬ 
teins. Calcium binds to unc protein of troponin* facing a 
conformational change in another protein, tropomyosin, 

which normally prevents the interaction between actin and 
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myosin. When tropom vosin changes in eon formation, it 
cun no longer prevent the formation of cross-bridges be- 
tween actio and myosin. The force ihnt develops as aetin 
and myosin interacts depends on the amount ot calcium 
that hinds to troponin, which, in turn, is regulated by the 
concentration of intracellular calcium, 

There arc multiple sources of intracellular myocardial 
calcium (Fig. 30-1 h Extracellular calcium am enter the 
myocardial cell through “'slow” elecirogenic or voltage- 
gated calcium channels or through Na’-CV^ exchange 
channels that utilize cell membrane ATPase I Adams, 
I9¥5b; Kelly and Smith, 1995). When depolarization oc¬ 
curs fi.e., an action potential!, the rapid Na* Hux in the 


cell is a signal to h Hum on” the slow calcium channel, thus 

causing a rapid use in intracellular calcium. This rapid 
influx of calcium into ihe cell stimulates the release of 

calcium from intracellular storage sites. The sarcoplasmic 
reticulum (a site of calcium sequestration! and mitochon¬ 
dria are intracellular storage sites. Of die two. the sarco¬ 
plasmic reticulum is more significant in quantity and possi¬ 
bly function. Relaxation of the myocardial muscle docs not 
occur until the intracellular calcium eonocnmotion falls as 
it is re sequestered into the sarcoplasmic reticulum and 

extruded outside of the cell. Both are energy (ATP>• requir¬ 
ing processes. 

The velocity and extent of cardiac muscular contraction 
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Figure 10-2. The felion puienlc.J i APj occurs ld four pbsei. Ptu>e 0 

occurs urhcn (he resting menvhnmc poimtMl reaches threshed nr^ullinji 
m (he grcflCHttf*! uf the AP The r>piJ ups'* iiip in IJsc mcctthfanc poLcjitial 

rtfleto vxJium .imi. to a Jester degree, calcium influx In cells capable of 
automatictfy (hatumo. calcium is the pnrtmy jun moving mu^inl during 
phase 0. This cikiuin mllm stiimUjles release of calcium from the 
safcsj^Livmic mu u turn Pha.\e I represent* the early phase of repulariza- 
imn Ail influx nf chloride and decreased efflux of potassium k id to re- 

CUiMishiiwnE til" ihc rnemhrane poTenliid. During phiisr 2,. flccliujiciiM: 

itw ^emem of calcium through “alow* 1 channels prolong* repot an/duoa, 

cauerng 4 pLiileau phase With ptusi- 4. the membrane pcHenlud macho* 

ihe JiAMnliL re si mg level In cells cap.iUt of autonukcity, (hit phase n 

charaelenzed hy a gradual depoLiinzalinii probably due (jo calcium influx, 

until threshold is reached The heart rate is determined hy (he slope of 
phasr 4. iissues with (he steepest phase 4 dope will verve a* the cardiac 

ncmfeec. 


The specialized tissues of the heart differ from those 
of myocardium for at least two reasons. First, phase 0 
depolarization largely depends on movement of Cir* 
through the slow channel. This tenders these tissue more 

susceptible to the effects of calcium channel blockers I Rob¬ 
ertson and Robertson, 1995), Second* phase 4 of the spe¬ 
cialized tissues is characterized hy a slow spontaneous 
discharge that continues to raise the membrane potential 


above the resting slate until threshold for an action poten 

tial is reached- These tissues are capable of automaticity. 
The drift toward depolarization is probably due to the 
involvement of a slow calcium channel in phase 0, The 
rate at which the fibers "fire" or generate an impulse 
depends on ihe rapidity with which phase 4 reaches thresh¬ 
old, that is, ihe slope of phase 4, The sinoatrial node h Ihe 

pacemaker tissue for heart rale because the tissues in this 
region have steeper phase 4 slopes. A steeper slope means 
less lime taken to reach action potential threshold. Tissues 
w ith the steepest slope are capable of general mg an impulse 
faster than other specialized fibers Thresholds of ihe con¬ 
ducting tissues and the Puriinje 1i hers are less steep than 
the sinoatrial node but more steep than myocardial tissue. 
They can also serve as pacemakers in the event that the 
sinoatrial node docs not generate an impulse. The slope of 

phase 4 can change in myocardial tissue that has been 
diseased, allowing these tissues lo generate impulses at a 
rate faster than the sinoatrial node. 

The cell is inevitable or nonresponsive to additional 
stimuli during the early and intermediate phases of the 
action potential cycle and only partially responsive if stim¬ 
ulated before complete re polarization ha* occurred and the 
resting membrane potential has returned to normal. The 
terms effective refractory period and absolute refractor, 
period are used to refer lo the period of unresponsive ness 
The refractory period limits the rate at which myocardial 
tissues can respond to impulses. 

Conduction velocity is the speed of impulse propagation 
through cardiac fibers. It is determined by the rate at which 

depolarization occurs (phase 0) and the final "height" of 
the action potential. The velocity of conduction is directly 
proportional to the rate aiKl magnitude of phase 0 depolar¬ 
ization (and therefore Na’ influx*. The faster depolariza¬ 
tion (phase 0} occurs and the greater the magnitude, the 

stronger the ability of the impulse to depolarize sur¬ 
rounding cardiac fibers. The interrelationship between 

phase 4 and phase 0 is important because it is this relation¬ 
ship that determines the conduction velocity of cardiac 
impulses. 


Smooth Muscle of the Vasculature 


Myocardial oxygen demand is directly related to heart rate, 

myocardial wall tension, and the inotropic state of the 
myocardium (Adams, 1995b t. Myocardial wall tension is 
determined by the size of the ventricle and the intraventric¬ 


ular pressure. 



tension is impacted by preload (end- 


diastolic volume and stretch) and afterioud (aortic blood 
pressure}. Drugs that decrease systemic arterial pressure 
(c.g„ drugs that dilate arterioles) will decrease left ventricu¬ 
lar afterload. More blood will be ejected into systemic 
circulation, diverting blood from ihe pulmonary vascula¬ 
ture. Left ventricular filling (preload) and. thus wall size and 
tension will decrease, as will myocardial oxygen demands. 
Reduction of cither preload or after! oad can reduce cardiac 

work without impacting inotropic effects on the myocar¬ 
dial muscle. 

The excitation-contraction coupling mechanism in vas¬ 
cular smooth muscle depends, on calcium influx. Calcium 
can enter ihe vascular cell via either vohage-sensitive (dec- 
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trogenic) signals that occur with depolarization or, more 
commonly, through receptor-operated Ca J+ channels. Intra¬ 
cellular calcium also can he released from the sarcoplasmic 

reticulum a her hydrolysis of membrane phosphat id y linos i- 
tol and subsequent formation of the secondary messenger 
inositol triphosphate (Robertson and Robertson, 1995). In- 
Lracelluljr calcium combines vsitli calmodulin, which acti¬ 
vities myosin light chain kinase (MLCK). Myosin light 
chain is phosphorylatcd, and the interaction between myo¬ 
sin and act in is promoted. Myosin and aetin crosvbndg i ng 
occurs, resulting in smooth muscle contraction, Cyclic 
AMP decreases MLCK and iotracelhilir calcium, causing 
vascular smooth muscle to relax. Note that increasing 
cAMP in die vascular system causes relaxation, whereas 
contraction occurs in myocardial cells. Cyclic guanosine 
monophosphate (cGMP) also causes relaxation (Fig. 30-3). 
Endothelium-derived relaxing factor (EDRF; chemically 
related to nitric oxide) and endothelium-derived con¬ 
stricting factor (EDCF) are among the vasoactive sub¬ 
stances (others include prostacyclin, histamine, and acetyl- 

choline) released by the eoddthelUl cell that control the 
hemodynamics of the cardiovascular system. Mediators 


such as EDRF released from the endothelial cell probably 
directly interact with vascular smooth muscle to cause 
hemodynamic effects. The intracellular response to EDRF 
(or nitric oxide) is probably signaled by cGMR Not all 
vasoactive responses to ihe endothelium reflect EDRF or 
EDCF 


The Bo te of Nitric Oxide 


For 20 years, researchers have attempted to identify a 
factor released from endothelial cells referred to as EDRF 
and responsible for relaxation in response to a number 

of vasodilator stimuli. Ultimately, nitric oxide (NO) was 
recognized to be the smallest and most basic mediator of 
vascular response (Whittle, 1995), l* is released as a gas 
(and thus often is mistaken for nitrous oxide |NO f ] or 

"laughing gas**) after synthesis from [-arginine. The reac¬ 
tion is stimulated hy nilric oxide synthetase (NOS1 (Fig. 

30-4). 

Two major clashes and three isoforms of NOS have thus 

for been identified (Adams, 1990; Whittle* 1995; Parrott, 
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199ft), Constitutive NOS (cNOS or NOS-11 is continuously 

produced awd includes two isoforms synthesized either 
by vascular endothelial cells (eNOSt or neurons i nNOSi 
Constitutive NOS is calcium dependent and NO generated 

via this form tends to interact with cellular receptors in 

order to cause the response, which occurs rapidly, h is NO 
generated via cNOS thaL mediates response to vascular 

mediators such as acetylcholine, norepinephrine, histamine, 
ami substance P, Inducible NOS liNOS or NOS-2) is pro¬ 
duced as needed by inflammatory cells (e g., macrophages, 
neutrophils, and Kuppftr cells), generally after exposure to 

cytokines fe.g.* tumor necrosis factor or interleukins) or 
bacterial tipupolysaccharidcs. Production of NO front 
iNOS requires new- protein synthesis and is characterized 
by a delay of several (2 to 4) hours. 

Nitric oxide causes its effect by diffusing across cellular 
membranes to intracellular targets. Cytosolic guanyJate cy¬ 
clase is a major intracellular messenger d ig Ml-4) causing 
physiologic response to NO, such as dilution of blot*! 

vessels, inhibition of Shrombogcncsb, cytotoxic responses, 

and neuronal signaling. Additionally, because NO contains 

an unpaired electron in its outer orbit, it is a tree radical 
and as such it has a short half-life and can contribute to 
the formation of other radicals. Yet* it also can sene as a 
scavenger of oxygen radicals Nitric oxide iv rapidly oxi¬ 
dized to nitrates and nitriles; these compounds arc often 
measured as end products in lieu of NO because the latter 
has such a short half-life (Adams, 1996), 

Despite its very ^.hort half-life, NO has many important 
and complex actions in the body. Under basal conditions* 
peripheral vasoconstriction is relieved by intermittent 
cNOS-induced NO m response to sheer stress and endothe¬ 
lial cell receptor stimulation, inflammation and immune 

signals also induce NO release via iNOS. Nitric oxide 

inhibits platelet aggregation and adhesion, contributing to 


amithrombogcnic mechanisms in the vascular endothelium. 

Modulation of inflammation varies, however, with cell type 
and ihe source of NO production (j.e,» iNOS vs, cNOS), 
Although targeting NO production through drag therapy 

may appear it) be a reasonable approach to the treatment 
of a variety of cardiovascular disorders, the complex nature 
of us release and the events leading to its release currently 
preclude predictahk and safe modulation, Ii is likely, how¬ 
ever, that selective modulation of NO ultimately will pro¬ 
vide a therapeutic approach (o many disorders. 


PATHOPHYSIOLOGY OF CARDIAC DISEASE AS 
IT RELATES TO DRUG THERAPY: CONGESTIVE 
HEART FAILURE 


Ctmgestive heart failure (CHH refers to ihe clinical mam- 
festations that result from hear) failure, including pulmo¬ 
nary and circulatory edema. Heart failure reflects the se¬ 
quelae uf ncurahumoral responses that occur regardless of 
the underlying cause of heart failure (Francis, I99H), The 
responses are intended to compensate for loss of contractil¬ 
ity or abnormal loading on the heart. Heart failure is 
considered compensated a* long as cardiac output can be 
maintained in the normal range at rest or with Limited 

exercise Side effects caused by the compensatory mecha¬ 
nisms can, however, he serious. Cardiac failure becomes 
decompensated when cardiac output is no longer main¬ 
tained despite marked compensatory mechanisms. As Lhc 

hcan fails, blood pressure decreases to the point that organ 
perfusion is compromised. 

Compensatory mechanisms are implemented by the 
body in response to the inability of cardiac muscle to 

contract. These mechanisms reflect responses mediated by 
neural r hormonal, and renal mechanisms (Fool, 1997; Ruf- 
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sated for b> increases in plasma catecholamine* released 
from the adrenal glam). Myocardial eomractilily is directly 
increased. The failing heart* however, becomes increasingly 

dependent on circulating catecholamines. In the regional 
peripheral vasculature, a-adrenergic-mediated vasocon¬ 
striction ensures that arterial blood pressure will be pre 
served even at the cost of maintenance of cardiac output 
Differential vasoconstriction among the vascular beds 
causes blood flow to be redistributed to organs with the 
bight-s* metabolic requirements (i.e., brain* heart* and active 
skeletal muscles| The kidneys are among the organs whose 
blood flow is restricted* resulting m activation of the RAA 
system Autoregulation of intrarenal blood flow (e g. h effer¬ 
ent renal arteriolar constrict ion i help-, maintain glomerular 
filtration despite systemic redistribution. With progressive 

disease, catecholamine release in response to exercise can 

cause dramatic changes in regional circulation* Afterload 

increases, impairing ventricular emptying. Venucunslriction 

and fluid re Lent ion provide some compensation by mcreas- 
big preload. 

Although Lhe goal of the compensatory mechanisms is 

to increase cardiac output, secondary effects frequently 
prove detrimental Increased heart rate results in increased 

work and oxygen and energv needs. Persistent and signifi¬ 
cant elevation of systemic vascular resistance occurs due 

to the vasoconstriction mediated by angiotensin* circulating 

catecholamines* and other factors. Although elevation in 
resistance reflects m attempt by the body to Increase organ 

perfusion* in fact it eventually becomes a major contributor 
to the ultimate deterioration of the failing heart. Increased 
resistance significantly increases cardiac after Load, and 
stroke volume decreases proportionately. The failing heart 

must work harder and use more oxygen to effect the same 
cardiac output. In addition to harder work* because stroke 
volume is less* the amount of blood in the bean during 

diastole is greater. Resistance is further mediated by vascu¬ 
lar stiffness, Stiffness is caused by direct changes in the 
mechanical properties of vessels induced by intramural 
sodium and water content. Autoregulaiion of the vascula¬ 
ture i- impaired, particularly in skeletal muscle. 

Myocardial wall terLsion hi also increased* and the heart 
cannot "relax” it should during diastole. The heart 
receives tis own blood supply and oxygen during diastole. 
Increasing left ventricular end-diasiolic volume (and there¬ 
fore tension* reduces the abi;it\ of the heal to meet its 
energy ami oxygen needs. Elevated peripheral resistance 

thus represents a "vicious” cycle because it worsens the 
failing heart. 

Vasoconstriction that accompanies CHF maintains sys¬ 
temic pressure in the normal range of 100 to 110 mm 
Hg, The main! cnancc of organ perfusion does not require 
systemic blood pressure of this magnitude The brain* kid¬ 
neys, and heart are the critical organs that will be effec¬ 
tively perfused at pressures 20 to 30 mm Ug less than 
normal- This '"reserve” allows the use of agents that cause 

decreases in systemic blood pressure and thus aftertoad to 

the heart without compromising cnlical organ blood flow 5 ,, 

In the face of reduced peripheral resistance, stroke volume 
can increase. In addition, in the presence of mitral insuffi¬ 
ciency, the amount of blood regurgitated back through the 
mitral valve will also be reduced, which serves to lessen 
the volume overload to the failing heart. Finally, with 


reduction in volume overhead, the end-diastolie volume of 
the left ventricle is reduced* wall tension is reduced* and 
myocardial perfusion increases. 

In addition to activation of the iteurohumoral and sym¬ 
pathetic nervous systems* the formation of reactive oxygen, 
radicals has been associated with the- development or pro¬ 
gress urn of congestive heart failure fRuffolo and 

Feuerstein, 1998*) Activation of transcription factors may 
lead to cardiac remodeling. Finally, recent evidence sug¬ 
gests that myocandial tissues undergoing remodeling .are 
capable of locally producing corticosteroids (aldosterone 
and corticosterone). Indeed* spironolactone* a diuretic* in¬ 
hibits angiogenesis, upon which collagen-producing myo- 
hhroblasts depend; spironolactone increases survival in hu¬ 
man patient* with advanced cardiav failure (Slight ct al., 

1999), suggesting another approach to therapy. 

Drugs that are useful in the treatment of CHF include 

(1) after load reducers; O preload reducers; (3) positive 

inotropes* particularly those that increase myocardial con¬ 
traction without increased work load or oxygen demand; 

(4) negative chnmotropes that slow the fast heart allowing 
better perfusion of the heart ami reducing its wort load; and 

(5) drugs that help prevent sodium retention (Table 30-1). 

Newer approaches to therapy may focus on slowing 

progression of Uic diseased myocardium fc.g,* antioxidants* 

altered remodeling}. 



Vasodilator drugs cm be categorized according to the type 
of vessels that they dilate; arterioles (ix.. resistance ves¬ 
sels)* veins (i.e*, capacitance vessels), or both. Dilation of 
resistance vessels decreases afterload* where** dilation of 

capacitance vessels tirereuses preload. Both decrease the 
workload of the heart. 

Drugs that cause venodi lation increase the volume of 
the capac itance vessels, thus reducing preload, or the blood 
volume returning to the right ventricle. Because stroke 
volume and diastolic ventricular volume are also deter¬ 
mined bv prrUmd (i.e., the amount of blood entering the 

ventricle)* drugs that reduce preload may also prove effi- 

cac soils for the treatment of the failing heart. Reducing 

preload also reduces myocardial load and oxygen needs 
and increases myocardial efficiency Preload reducers may 
also relieve some pulmonary vascular congestion. All three 
types of vasodilators can he useful in the patienl with CHF. 


Arterial Vasodilators 


Recent literature suggests that the role of increased resis¬ 
tance in cardiac failure ts much more important than pre¬ 
viously thought. Hie inclusion of peripheral vasodilators in 
the armament of treatment for CHF; partial tarty in its early 
stages. lias proved useful in reducing lhe dependency of 

digitalis for long-term treatment of these patients. Drugs 

that decrease peripheral resistance do m by dilating arterial 
or resistance vessels. 
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All three drugs are also available as oral preparations. Both 

verapamil and diltiarem arc available as ah intravenous 

solution for the rapid treatment of supraventricular arrhyth¬ 
mias. 


Preg Ink ratlin ns and Side Effects 

The CCBs are involved in a number of drug interactions 
Drugs that generally inhibit dmg-mcuiboliring ctuytties 

(e,g,, cintetidrne, chloramphenicol | will prolong the elimi¬ 
nation and thus the cardiovascular effects. The CCBs also 
can prolong the elimination of drugs (e.g., cyclosporine; 
theophylline, and digoxtn). The effects vary with the drug 
and are nwis likely with those CCBs that arc eliminated 
by hepatic metabolism (e,g., diltiazem and verapamil). Side 
effects of the drags vary with the primary pharmacody¬ 
namic effect. The major toxteiue* associated with CCBs 
are excessive vasodilation, negative motropy. md depres¬ 
sion of sinus nodal rate and atrioventricuJar conduction 
(negative chronotropy), Hypotension, bradycardia, and 
tachycardia (generally reflex) are (he predorm mint clinical 

indicators. In patients with poor myocardial reserve, exac* 
erbation of CHF may result in peripheral or pulmonary 
edema. Further clinical pharmacology and side effects may 

be addressed for specific drugs under the appropriate cate¬ 
gory. 


Clinical U» 

The use of CCBs for their peripheral vascular effects has 

been limited in veterinary medicine because of lack of 

efficacy. The recently approved hitman drug antiodipine, 
related to nifedipine, has. however proved useful in the 
treatment of cals with hypertension and dogs with increased 
afterload but minimal compensatory mechanism, Like 
nifedipine amlodipinc affects predominantly smooth rather 
than cardiac muscle. Peripherally, amktdiptrK decreases 

total peripheral resistance. At doses causing vascular ef- 

fccts, amlodipinc has little effect on sinus node function 
and cardiac conduction. Thus, a major advantage to amtodri 
pine compared with other CCBs is that it may not cause 
reflex cardiac stimulation. Because its actions are indepen 
clem of the renin-nngiotensin-con verting enzyme system, 
amlodipinc should not be used as the sole afterioad reducer 
in animals with myocardial failure associated with neural 
humoral compensatory mechanisms, Amlodipinc is indi¬ 
cated for primary hypertension or that associated with renal 
disease. Other indications include aficrload reduction in 
dogs whose myocardial failure has not responded m tor 
those that have developed an intolerance to cnalapril and 

diuretics. In human patients, a synergistic effect occurs 
when amlodipinc or another peripherally acting CCB is 

combined with ACE inhibitors. 

Amlodipinc disposition has not been established fur 

CoDvriqhted n 
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either dogs or cats, hi humans the drug undergoes minima! 

tiro-pass roetaho 1 11 sm. When combined with other itiera- 

pics, it should be used at a Sewer dose ^see Table *0-1), 

[Vi guide therapy, patients should be monitored with a 
largei-ed pressure of less than 150 mm Hg. Response should 
nccui in 24 to 48 hours. Studies comparing the efticuc) -of 
amlodipine with enalapril in cats with primary hypertension 
or hypertension associated with renal disease are currently 
underway. The CCBs also are discussed as antiarrhythmics 

and negative inoiropes. 


Angiotensin-Converting Enzyme Inhibitors 


Pharmacodynamic Effects 

Because of their mechanism of action, ACE inhibitors do 

not only vasodilate. They also have important effects on the 

neurohumoral and renal compensatory responses associated 

with myocardial failure. They also appear lo have primary 
cardiac effects. As such, they can be important in the 
management of any cardiat disease accompanied by CHE 
The primary target of these drugs is I he RAA system 

I see Tig- H>-6\ Reduced perfusion of the kidneys* which 
accompanies decreased cardiac output in the failing heart, 
causes the release of renin from the kidneys into circuit 

bon Benin causes the synthesis of angiotensin I. which in 

turn is convened to angiotensin II by ACE in the lungs. 
Angiotensin 11 is important in the pathogenesis of CUT 
because it initiates a series of events designed to maintain 

cardiac output Blood volume increases due to the release 
of aldosterone ami subsequent salt and water retention 
Stroke volume can increase cardiac output Angiotensin II 
also is a potent constrictor of resistance vessels, increasing 
systemic vase bar resistance, which helps maintain Mood 
flow to critical organs Although initially these responses 
of the body to the failing heart are beneficial, eventually 
the effects become detrimental. Captoprih enalapril and 
other ACE inhibitors arc highly specific inhibitors of the 
ACE. Circulating levels of angiotensin II and aldosterone 
are thus decreased. As a result of these effects, AO 
inhibitors cause vasodilation { arterial) decreased systemic 

blood pressure, increased cardiac output, and reduced heart 
rate Aldosterone secretion tv reduced (not obliterated). 
and natri uresis floss of sodium in urine) occurs. Shhuc 
vcnodilatKMi reduces preload as well, which may he of hen- 

e Ik. 

The ACt inhibitors have a positive inotropic rffbn on 
the heart without an increase in heart rate. The mi chartism 
is not clear, but for enalapril, it is associated with m 

increase in vusoaciivc irircsiiikil peptide in the heart m rai^ 

(Duggan, 1998), 

Three classes of ACE inhibitors have been developed 
for humans bused on chemical structure: the sulfhydryl- 

comuining drugs, w hich are structurally related to captopril: 

dicorboxy I-containing drugs related to emtlapril (see Fig, 
3C>— 51 (including lisinopnl. heiwepn 1 ► and quinaprilj: and 
phosphorous-containing drugs related lo fosinnpri I tJack 
son and Garrison. 199,5). Niue drugs tire approved in the 
United Stales for use 1 in humane All appear equal in their 
efficacy of inhibiting RAA. with selection being bused 
principally on which drug provides the best quality of 


life Interestingly, captopnl has improved quality til life in 

humans more than the other drugs (Jackson anti Garrison, 

1995), 


OinJct) Pharmacology 

Many ACE inhibitors (eg.* enalapril and benazepril) are 

pro-dings that require hepatic metabolism to an active 
stale kn arc much more bioavaiUMc than their move 
metabolites Cnptopril and Imnopril ore examples of ACT 

inhibitors that ate not pro-drugs (Jackson and Garrison, 

1995). As a group, the ACE inhibitory arc eliminated via 

the kidneys. The risk of adverse reactions is greatly in- 

creased ini the face of impaired renal function. 

Captopril was used for dogs and cals before approval of 

enalapril for dogs. Captopril can induce positive hemody¬ 
namic effects within ) hour, although the effects arc >feirt 
lived (4 hoursi iKittleson cl al„ 199*), Us half-life is short, 

and as such it must be given: at K-hour intervals compared 

with 12-hour intervals for enalapril. Enalapril is rapidly 
absorbed after oral administration. It is a pro-drug and 
requires conversion to the liver to its active metabolite, 
enalaprilat. 

( Imind Use 

The role of enalapril as a reducer of systemic peripheral 
resistance and fur treatment uf CHF associated with tnyo- 

cardial failure in dogs has been well established Ett in Bet¬ 
el al, (199H) established the benebcia) effects of enalapril 
for dogs with either dilated cardiomyopathy or citrate 
vascular hem disease Although the study was not we 11 
controlled for stage of disease or differences in conven¬ 
tional therapy, results supported the importance that ACE 
inhibition can have in improving the quality of life and. 

particularly jji dogs with dilated cardiomyopathy; pro¬ 
longing life (Ettinger et al., 1998), In their study of 110 
dogs with acquired heart disease Cprimarily mitral insuffi¬ 
ciency and dilated cardiomyopathy) iilunger el al. (1998) 
found that mean time lo treatment failure i including treat 
mem with "traditional” cardiovascular drugsJ increased 

from 77 days (placebo) to 156 days (enalapril), More dogs 
died suddenly in the enalapril treatment group; ail but 
one, however, had pre-existing ventricular arrhythmias for 

which they were receiving ontiarrhythmic therapy. 

Controversy still exists over when ACE inhibitor ther¬ 
apy should be initiated, if and when it is the preferred 
vasodilator, and its position in the sequence of drugs used 

to treat myocardial disorders. For humans, ACE inhibitors 

arc indicated for ary patient with kft vermicular systolic 
dysfunction even in the absence of clinical signs of overt 

cardiac failure (Jackson and Garrison. 1995). Studies in 

people further suggest that inhibition of ACE in patients 
with systolic dysfunction can prevent or delay the progres¬ 
sion of heart failure, decrease the incidence of sudden 
death, and improve The quality of life (Jackson and Garri¬ 
son, 1995). Ettinger et aJ. 1 1998) have offered treatment 

programs with enalapril based on ihe severity of disease. 

The ACE inhibitors have been shown lo have a protec¬ 
ts ve effect in some eases of progressive renal disease i Jack- 
son and Garrison 1995), The\ can significantly reduce the 
loss of kidney function associated with diabetic nephropa- 
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thy, Proteinuria may also be decreased by ACE inhibitors, 
perhaps due to changes in hydrostatic pressure or direct 
action cm the glomerular membrane Altering the elective 
permeability of the Altering membrane may reduce the 
exposure of mesangial cells to factors that stimulate prolif¬ 
eration. The progression of glomerular sclerosis also is thus 
offset These findings have led to the suggestion that ACE 
inhibitors be tried in hypertensive patients that are at risk 
for developing end-stage renal failure (Jackson and Garri¬ 
son, 1995), 

Therapy with ACE inhibitors should be- closely moni¬ 
tored. Marked hypotension may occur with overuse of ACE 

inhibitors* particularly in animals treated with diuretics. To 
minimize negative sequelae of aftcrlood reduction, treat 
ment with enalapril should be initiated at -a lower dose 
(O 1 Grady, 1995) (see Table XT-1) and increased in small 

increments at weekly intervals until clinical signs indicate 
improvement or further increases cannot be tolerated. The 

combined use of an ACE inhibitor with a diuretic such as 
furmemide can cause hyperkalemia in a small percentage 
of patients, particularly in the presence of dietary sodium 
restriction (Roudcbush cl ah, 1994). To avoid hyperka 
lemia, potassium-sparing diuretics should not be used con¬ 
cur rent K Renal dysfunction may occur after the use of 
any ACE inhibitor (see Chapter ?}. Captopril. enalapril 
(enalaptilat), and UrinopriJ cause relaxation of the renal 
artery fFig. 30-7) (Malomvolgyi el al,, 1995k For patients 
whose renal blood flow has been reduced, glomerular fil¬ 
tration may remain sufficient as the kidney self-regulates 
blood flow by constricting the efferent glomerular capillary. 
In the presence of an ACE inhibitor however, the ability 
to self-regulate renal blood flow may be lost. Glomerular 
filtration subsequently may decrease, particularly if cardiac 
function does not sufficiently improve to compensate for 
the loss of hydrostatic pressure associated with decreased 
renal blood flow (Jackson and Garrison, 1995). Animals 
that have been treated with aminoglycosides, nonsteroidal 

agents, or other drugs that alter humoral regulatory media¬ 
tors ib the kidney are predisposed to ACE inhibitor-induced 
renal dysfunction (see Chapter 28). Renal function should 
be monitored weekly for the first month of therapy m 

patients predisposed to adverse renal effects (O'Grady, 
1995). Proteinuria can be induced by ACE inhibitors, but 

proteinuria is not a contraindication for ACE inhibitor use 
The ACE inhibitors reportedly cause a dry cough in tip to 

2iV$ of human patients, The mechanism is not known, but 

the cough resolves when therapy' is discontinued (Jackson 
and Garrison, 1995). The ACE inhibitors should not be 

used in pregnant, animals. 


Other Angiotensin-Converting Enzyme 
inhibitors 


Lirinopril is a renal Iv eliminated ACE inhibitor approved 
foi human use. In contrast to enalapril* Ijxmopril requires 
no pro-drug activation by the liver; Its elimination is im¬ 
pacted only with marked decrease in glomerular filtration 
rate. Indications for animals include liver disease. Another 
advantage is. that it can be given once daily (see Table 
30-1), Benazepril (approved for use in dogs in Canada) 
and its active metabolite benazeprilate offer another exam¬ 
ple. The metabolite is much more active than '[.he parent 


drug, In contrast to other ACE inhibitors, the newer ACE 
inhibitors are not renally excreted. Quinapril is an ACE 
inhibitor available outride of the United States. It is avail¬ 
able as a 5-mg tablet* which is convenient for accurate 
dosing. It also can be administered once daily (sec Table 
30-1) (Morisse and Kersten, 1995), 


Arterial and Venous Dilators 


Organic Nitrates 

Organic nitrates activate cGMP, which ultimately decreases 
actin and myosin interaction. All vascular smooth muscle 
is relaxed. Nitrates and nitrates cause arterial and venous 

smooth muscle dilation. In addition, they directly dilate 

coronary vessels. At low concentrations, venuLar dilation 
predominates, and net systemic vascular resistance is usu¬ 
ally not affected. Pharmacologic effects occur very rapidly. 

First-pass metabolism limits the use of these drugs to 
intravenous, sublingual, anti topical (ointment) administra- 

lion. 

Nitroglycerin is not a ratio compound as its name sug¬ 
gests but is a member of the organic nitrate group. Al¬ 
though nitrates relax all smooth muscle, the dose of moo* 
glycerin used is intended to cause predominantly venous 
dilation and preload reduction. Pulmonary' and systemic 
congestion and myocardial workload are reduced. Nitro¬ 
glycerin is available for intravenous and sublingual use and 
as an ointment. The ,2% ointment form is the most com¬ 
monly used preparation in veterinary medicine* U can be 
applied to ibe hairless portion of an animal's skin (abdomen 
or ear) Gloves 'Should be used by the caregiver to avoid 

percutaneous absorption of drug. "The clinical indication 
for use is limited to acute (emergency) treatment of CHF. 


Sodium Nitropruaside 

NiLroprussLde (see fig. 3D-6j Is included in the group of 
nitrovasodilatorx fOates* 1995). Inside smooth muscle cells, 
it is metabolized to NO, which in turn activates cGMP and 
subsequently vasodilation (see Fig* 30-3), The NO system 
that activates nitroglycerin is different from that activating 

nitropniftridC' accounting tor differences in vascular beds 
targeted by each drug (Oates, 1995). Both arteries and 
venules are dilated by mtroprusside. Nitroprusside is one 
of the most potent vasodilators available. The advantages 

of nitropra&ride over other vasodilator drugs include its 
potency, its effect in both preload and afterload reduction* 
immediate hemodynamic effects* extremely short half-life, 
and low cost. The major disadvantage is that il must be 

administered by constant intravenous (IV) infusion The 
potential for hypotension necessitates dose monitoring. 
The drug is. useful, for the emergency treatment of severe 
CHK 


Praiwrin 

Prazosin is an ot-adrenergic receptor blocker. Prazosin is 
also a venous dilator (perhaps due to inhibition of cAMP), 
however* and is thus considered by many to be both a 

preload arid afterload reducer. Despite significant first-pass 

metabolism* prazosin is effective after oral administration* 
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but tolerance develops rapidly. Prazosin is an effective 
tuitihypeviensive agent. It is more effective when used in 

combination with other drugs Prazosin is probahly not 
used clinically because hydralazine affords a much better 
reduction in peripheral resistance and increase in cardiac 

output. 


N i In i illy fte ri n 


Nitroglycerin (glyceryl trinitrate), as with other organic 
nitrates, ^ both an arterial and venous dilator. Il is often. 


however* cited as only a venodilate* t acting on capacitance 

vessels (Spiugo ct at, 1987y The difference in arterial 
versus venodiljtiou may reflect use in doses low enough 


to cause venous but not 


uteri al 


dilation. 


ANTIARRHYTHMIC DRUGS 

Cardiac Arrhythmias 

Heart rate is determined primarily by the rate of diastolic 
dept i lari ration (slope of phase 4)* which in the normal 
heart, is under autonomic control Acetylcholine (released 


from parasympathetic nerves) slows or decreases and nor¬ 
epinephrine (released from the adrenal cortex) increases 
the heart rate, respectively. As heart rate increases, stroke 
volume decre men tally decreases, and cardiac output may 
decrease. Cardiac arrhythmias an sc from abnormalities nf 

aulomatkity (impulse initiation) or conduction (impulse 
propagation)* or both. Automalicity will be accelerated in 
any tissue when the rale (or slope) of phase 4 depolariza¬ 
tion increases. An increase m automalicity will either in¬ 
crease the heart rale or allow the emergence of ectopic foci 

(he.* pacemakers that normally would he latent). If the 
frequency of the latent pacemaker exceeds that of the 

sinoatrial node, premature or ectopic beats or iach> arrhyth¬ 
mias may occur. Drugs that decrease automaiicitv do so by 
decreasing the rale of phase 4 spontaneous depolarization. 

This results in the suppression of ectopic foci and allows 
the sinoatrial node to resume its dominance. Automat icily 
can also be reduced by drugs that increase the excitation 
threshold or the diastolic membrane potential fi e . increase 

(he negativity). Either of these two mechanisms would 
lengthen the time needed to attain threshold potential. Fi¬ 
nally* spontaneous discharge can be reduced by increasing 

the action potential duration (Roden. 1995). 

Many arrhythmias result from conduction abnormalities 
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Class 

Otos 1 agents comprise the standard membrane-stabilizing 

drug> such a> li doe a me, quinidine, and procainamide, 
These agents work by selectively Mocking the fast Na" 
channels and depressing phase 0 of the action potential 
This i'i caused by a direcl membrane-stabilizing or 'local 
anesthetic" effect. The decrease in phase 0 depolarization 
results in decreased conduction velocity. In addition the 
Class t drugs increase the threshold of excitability ami 
decrease the rale of spontaneous phase 4 depolarization, 
thus reducing the emergence of ectopic foci. The effect of 
these agents on automatic) ty and generation of ectopic foci 
seems to be more prevalent than the er’fecis on conduction 

velocity. Some of these drugs also prolong the duration of 
the cardiac action potential, especially the effective refrac¬ 
tory period* and are useful in treating re-entrant arrhyth¬ 
mias (AnyukhovsLy et al., 1997). En general, the antiar- 
rhylhmic effects of Class [ drugs occur in dogs with 
concentrations similar to those in people (Hash i mo to el 

al., 1983)* 

Class I agents can* be further subdivided based on their 
effects on the refractory period and. on the rate of repolar- 
i/alion. Class IA drugs include quinidine, procainamide, 

and di sopy nimide, These agents reduce the rale of phase (I 
depolarization. Because they prolong both the effective 
refractory period and the action potential duration, they 
also delay repolarization. 

Quinidine 

Quinidine is related to ihc antimalarial drug quinine. It 

blocks open Nu b and multiple K' currents. Sodium block¬ 
ade results in increased threshold of excitability and dc- 
crcased automatiuty. The QRS duration increases and the 
QT interval may also he prolonged Blockade of K * chan 

nek prolongs action potentials, especially at slow rales 
(Roden, 1995). It affects most types of cardiac muscles 

i Roden, 1995. Adams. 1995ai. It ha^ it broad spectrum of 
efficacy agiunsl ?upravcruricutar and ventricular arrhyth¬ 
mias Quinidine suppresses ectopic pacemakers, Because it 
also prolongs the effective refractory period it is useful in 

the treatment of re-emrant arrhythmias (Anyukhovsky et 

al., 1997; So&unov et al., 1997), and this pharmacologic 

effect may represent sis major dsn teal effectiveness. In the 
atria, quinidine also has indirect, anti vagal (“atropine- 

like f y effects Its ability to prolong atrial refractoriness 

probably accounts for us ability to interrupt atrial ne-entraM 

rhythms (atrial fibrillation). 

Quid dine sulfate is absorbed rapidly after oral adminis¬ 
tration (Roden, 1995; Adams, 1995a). The gluconate form 

is absorbed more slowly. Ji can be given intramuscularly 
(JMh bm this route is painful It is 90*$ protein bound 
Distribution is rapid to most tissues, The volume of distri¬ 
bution is large (2 to * i7kg), Quinidine is metabolized by 
the Liver and excreted in the urine. The half-life is about ft 
hours. There is considerable palienl variation in metabo¬ 
lism, necessitating individualized therapy. Although quiiti- 
dine can be given IM or IV its practical use es limited to 
oral (PO). A* a hroad-spectrum drug, it can be used effec¬ 
tively for acute and chronic treatment of supraventricular 

and ventricular arrhythmias. It etui be used for the treatment 


of digitalis intoxication but may not be preferred because 

■I cti the atowmaliliK of cardiac fhvftm in- 

duced by dtgnia.is by altering digoxin binding to cardiac 

tissue and increasing plasma concentrations of the glyco¬ 
side although this effect i> controversial (Colvin et al.. 

1990). The duration of action of quinidine may be short¬ 
ened by drugs that increase microsomal enzymes, Cardio* 
toxicity may result in arrhythmias such as atrioventricular 
blockade or ventricular arrhythmias (Roden et al.. [986), 
Sudden death due to syncope has. been reported. 

The atropine-like effects of quinidine probably account 
for part of its potentially serious side effects. Vagal tone is 
important in controlling conduction in ihe a: no ventricular 
node, and the loss of this control due to quinidine may 
result in increased impulse conduction to the ventricle*. 
This effect is referred to as pumdmit vt m cck mium. 
Quinidine is also an &-odrcncrgh blocking agent and 

can cause vasodilation. Finally, gastrointestinal symptoms 

(nausea, vomiting, and diarrhea) may occur, particularly 

with the sulfate form Daily doses range from 5 to 15 mg/ 

kg; therapeutic concentrations arc 2 to ft p g. ml The drug 
can he given IV with extreme caution. 

Procainamide 

Procainamide differ* from procaine onh by replacement 
of art ester with an amide (see Fig. 3ft 6). Procainamide 
blocks open Na 1 channels and outward K' channels. Thus. 

11 decreases automatic!ry H increases refractory periods, and 
slows conduction as well a* prolongs the action potential 
duration. Its JV-acetyl metabolite does not block Na* flow- 
nek but does prolong (he action potential duration (jK - 
blocking effect) (Roden, 1995). The effects of procain¬ 
amide on automat icily, excil ability, responsiveness, and 
conduction Me the same as those of quinidine. Its indirect 
effects (those effecting the m tonomic nervous system) ore 
significantly weaker. It does not cause a adrenergic block¬ 
ade or paradoxical acceleration (Roden, 1995), 

Procainamide is rapidly and almost completely absorbed 

after oral udministratitm Peak concemrations are attained 

within 45 Hi 75 minutes if a capsule is given; tablets 
take longer BioavaiLability in the dogs approximates 85*7 

(Papich et at,, 1986a;. Only about 20% of ;lie drug is 

protein bound in people (Roden, 1995). Distribution is to 

most tissues except the brain (Roden, 1995), and the appar¬ 
ent volume of distribution is large (1.44 LAg in dpgs) 

(Papich ct al., 1986a). Procainamide is extensively bio- 

transformed by the liver to metabolites N-acety Iprocai n - 

amide is a major metabolite of procainamide that is formed 

in human* r The meuholile is equal in efficacy but less 
potent, than the parent compound in the control of ventricu¬ 
lar arrhythmias (Bagwell et al . 1976). The formation of JV- 
acery Iprocai namidc is not as great in the acetyl ation-defi- 
cient dog (Papich et al,* 19Rftak The half-life of procain¬ 
amide m the dog is 2.5 lo 2 8 hours. Mean concentration 
necessary to control arrhythmias in quabain-intoxicaled 
dogs is 33.8 p.g/mL, with a range of 25 to 48.5 (Ag/mL 
(Papich et al., 1986b). These concentrations are higher than 
those recommended for people, probably reflecting the 

absence of the active metabolite in dogs. 

The drug is available as oral capsules and tablets for 

chronic use; sustained-release tablets are also available. 
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Znlratenous preparations are available for acute or unstable 

sitiidiiO'ii.s. Hypotension can occut if an initial loading dose 
]> given ns t rapid bolus. Rapid IV infusion administration 
is a reasonable approach for the treatment of the acute 
patient Procainamide can also he administered 1M (15 lo 
30 mg every 2 hours [dogj or 8 to 16 mg every 3 to 6 
hours |. When making die transition from [V to PO dosing, 
die infusion should be stopped, and about one drug elimina¬ 
tion half-life should elapse before administration of the 
first oral dose (125 to 500 mg every 6 to 8 hours, a total 
of 33 mg/kg per day). Toxicosis is indicated by a 50% 

widening of the QRS complex or by hradyarrhvthmi as or 

tachyarrhythmias. 

Procainamide is a brnad-spectnttn antiarHiythmic drug 
In general, its effectiveness as ,i ventricular ahtiarrhythmic 
drug parallels or exceeds that of quinidinc. and it is useful 
for patients who have failed quinkline therapy. Arrhythmias 
for which procainamide have proved useful include ventric¬ 
ular (Davis ct at, 1982) and, to a lesser degree, supraven¬ 
tricular, Procainamide can suppress digitalis-induced toxic¬ 
ity but fatalities may occur. Toxicities include (I) 

cardioloxicity, similar to that induced by quinidme; (2) 

hypotension with rapid IV administration (bolus): and (3) 
gastrointestinal signs {anorexia, nausea, vomiting, diar¬ 
rhea]. 


DisopiramjcU- 

Disopyramide ^ the newesi Class IA drug. Its pharmaco¬ 
logic effects and sfxictrurn of activity are similar to those 
of procainamide and quinidine, Although it is effective in 

controlling supra ventricuLaf arrhythmias. its primary use is 
for ventricular tachyarrhythmias, Dtsopyrami Je has been 

studied in the dog (Cook et ah, 1990). It is quickly ab¬ 
sorbed, after oral administration, but it undergoes rapid 

metabolism and clearance, its half-life is less than 2 hours 
in the dog, necessitating multiple daily administrations. 

Disopyramidc has potent antivagaJ effects and can there 
fore increase the ventricular rate dramatically In patients 
with supra ventricular tachycardias. More importantly, diso- 

pyramide also has a negative inotropic effect on the heart 

and can be lethal for patients with pre-existing myocardial 

disease. Clinical indications for disopyramide are probably 
limited by its potential adverse affects on the heart 

(Schmidt et ah, 1992 k 
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Drugs 


Class IB drugs include agents such as lidocaine and pbeny- 
toin. Li doc a me (see Fig. 3(5-5). widely used as a local 
anesthetic, also is the pfototypic Class IB' drag. Jt differs 
markedly from Class IA drags phamiacokineticaJly and 

pharmacodynamicaUy, Class IB drugs arc distinguished 
from class IA drugs because they i I > do not affect phase 0 
depolarization and conduction velocity in normal tissue and 

(2) accelerate repo lari/at ion and thus shorten the effective 

refractory period and action potential duration The actions 

of hJ'h_«.iiiic reflect preferential binding to sodium channels 
that arc open (or active, occurring during phase 0) or 

refractory (or inactivated* during phases 5 through 3) as 
opposed to resting channels (phase 4), Lidocaine is thus 

more effective in cardiac tissues with a long action poten¬ 


tial duration (i.e„ depolarized for a longer than normal 

period of time such as occurs with ischemia) and less 
effective in atria or normal ventricular myocardium The 
action potential duration is shortened mere than the effec 
tive refractory period, however, and the net effect is a 
prolonged effective refractory period compared with the 
action potential duration, Lidocaine minimally affects the 
sinoatrial node, atria, or atrioventricular node. In the ventri¬ 
cles. it suppresses normal automaikily in the PUrkinjc 
fibers and delays impulse conduction in the ventricular 
muscle Becau.se the effects depend on potassium, hypoka¬ 
lemia minimizes efficacy, Lidocaine also increases the ven 
locular fibrillation threshold and may decrease the risk of 
acute death associated with ventricular fibrillation. 

Lidocaine is well absorbed orally, but it is subject (o 
first -pass metabolism, and only one third of the drug 

reaches systemic circulation. Peak concentrations in dogs 

after IV administration of 6 mg/kg approximate 10 jLgrtnL 
(Wilcke et a). 1983a); at 3 hours concentrations aw 0.1 

jig/mL, Absorption is complete after IM administration. 

After IM administration, peak concentrations approximate 
1,8 p.g/mL at 30 minute?- Distribution is rapid. The volume 

of distribution is large 1 1,44 L/kg) (Wilcke et at., 1983a), 
About 70% is protein (glycoprotein) bound. Hepatic metab¬ 
olism to active and inactive metabolites is complete. The 
elimination half-life in dogs approximate 50 minutes (Wil¬ 
cke el ah, 1983a). Lidocaine is considered a "flow-limited M 
drag; hepatic clearance is so rapid that measurement of 

plasma concentrations (or the appearance of its metabolite) 
have been used to evaluate hepatic function in people and 
experimentally in dogs. Severe liver disease and reduced 
blood flow to the livei reduces the fate of metabolism, 
Lidocaine is prepared for IV administration; no other drugs 
arc added to the solution prepared for cardiac arrhythmias. 

Lidocaine can be administered IV as a rapid bolus or as a 

continuous IV infusion It cm also be given IM in emer¬ 
gency situations- 

The use of lidocaine as an antiarrhythmic drug is pre 
dominantly for emergency treatment of ventricular arrhyth¬ 
mias. Us pharmacologic effect occurs very rapidly, and the 

drug can be safely administered IV in the dog, "Flic cat is 

more likely to develop toxicity. Lidocaine has minimal 
effects on the autonomic system, Lidocaine can counteract 
arrhythmias in the abnormal Pudinje system md ventricles 
without affecting normal cardiac tissues. Lidocaine can 
therefore abolish ventricular re-entrant rhythms. Therapeu¬ 
tic and toxic lidocaine concentrations have been established 

experimentally (six dogs) (Wilcke et ah, L9«3b). Minimum 
effective concentrations for experimentally induced qua- 
kin toxicity (eradication of ventricular tachycardia) ranged 

from 3-8 to 7.65 p-g/mL (mean 6.25 pg/mL}. The time 

necessary lo eradicate the arrhythmia ranged from 0.3 to 1 

hour after infusion of 1480 mg/h (Wilcke ct ah, 1983b), 

Neurologic manifestations of toxicity appeared at 63 to 

10.4 tig/mL (mean 8-21 iig/mL) (tonic extension) and 
increased (cortical seizures) at 7.3 to 112 ixg/mL (mean 
938 (ig/ml.), Olhet neurologic manifestations of Udocaine 

toxicity die hide anxiety, sedation, and disorientation. 

Therapeutic indications for lidocaine arc limited almost 
exclusively to vermicular arrhythmias because it is such a 

narrow * spectrum drag. Drug interactions are limited Basic 
.lings can compete with lidocaine for binding sites on 
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glycopmtems. Udocaine has few undesirable effects. The 
pfimu>' toxicity in the dog occurs in the central nervous 

system ■C VS) with symptoms that range from drowsiness 

or agitation to muscle twitching and convulsions -it higher 
plasma concentrations (see discussion of local anesthetics |, 

The cat is prone U> cardiac toxicity I suppression). i ,idv»- 
caine can worsen first-degree or second -degree atrioveitfric- 

ulai block and is contraindicated for patients with third 
degree heart block because of suppression of ventricular 
automatic! r> A Urge 3V bolus may cause sinus arrest; cats 
are more prone to this adversity. 

Tocainide is ,1 Class IB onliarrhythmic drug that is 

rimilar in chemistry to lidocmtte The mechanism of action 
is also similar A majof difference, however, is that tocui- 
nide docs not undergo first-pass metabolism, and thus oral 
bioavail ability is L OO'K * A.-, such the drug can be adminis¬ 
tered chronically for long-term management of ventricular 
arrhythmias, particularly those that responded to Ijdocaune. 
Tocainide also may be useful for treatment of ventricular 
arrhythmias that fail procainamide. Jt is often not useful, 
however* for those that are refractory to lidocaine, Tocai- 

nido has been studied n dog* w.ih experimentally induced 
myocardial infarction (Wallace el ah, 1991), After IV ad¬ 
ministration , spontaneous premature ventricular completes, 
were reduced, Mcxilctine. like tocainide. is a structural 

analogue of lidocame Both mexileline and tocainide arc 

more likely than lidocaine to cause (. 'NS and gastrointesti¬ 
nal toxicity It!! addition, blood dyscrasias have occurred in 
dogs (Muir. 1991 j. Contraindications to lidocaine should 
be followed for mcxilctine and tocainide, 

Pbenytoin is an anticonvulsant that has a .mined spec¬ 
trum ol antiarrhythmie activity m the heart. It is considered 
to be a Class IB drug* and therefore its activity in the heart 
ss similar to that of lidocaine. Its primary usefulness in 

veterinary medicine is foj ihe management of digital h- 
tnduced arrhythmia.* because it significantly shortens atrio¬ 
ventricular nodal and Purkmjc refractory period in digital¬ 
ized patients. 

Class 1C Drugs 

Class 1C drugs cause effects similar to those of the Class 

IB drugs except that they do rtot prolong the refractory 
period. Conduction velocity is depressed; propafenone also 
causes ft-blockade, These drugs* including encainidc, fie- 

cainide, and lorcainidc. are currently being studied. 

Class II Antiarrkythmic Drugs 

Class tl uirtiarrhyihmk drugs are the ^-adrenergic revepuu 
blocking agents. Although discussed as antiarrhythmic 
drugs, they also have effects that reflect actions other than 
decreased heart rale. Discontinuation of p-blockadc has 

been associated with rehound effects in humans, leading to 
d worsening of heart failure and arrhythmias Down lmji- 
lion (decreasing the dose as the drug is discontinued} 

reduces the rebound effects (DiLenarda ct aL 1999). 

P-Blockers decrease the magnitude of Ca 1 current, 
heighten its inactivation* .imJ decrease die magnitude of 
potassium and chloride currents. Ibcy also decrease pace¬ 
maker current and thus sinus rate I Roden. 1995). Although 


discussed as smtiarrhythmics, a number of clinical trials 
ha^c revealed their efficacy in the treatment of bean failure. 

Noasefectlve fl-Blockers 

Propranolol is the prototype p-blocker. It is a competitive, 
non selective p-hlocker that blocks both p r receptors and 
pi receptors. Propranolol is most effective in the presence 
of elevated sympathetic lone, p Blockers increase AV 
nodal conduction and prolong AV nodal refractoriness and 

thus may be useful for re-entrant arrhythmias associated 

iMlfi the AV node (Roden. 1995) Propranolol exhibits a 
negative dirotxKropu effect in conditions of supraventricu¬ 
lar tachycardia, particularly if the source of the tachycardia 
is due to elevated levels of catecholamines (e.g., not hypo¬ 
kalemia, fever, some heart diseases), Propranolol is rarely 

able to convert a supraventricular arrhythmia to a normal 
sinus rhythm. It will slow ventricular rates in patients 
suffering from supraventricular arrhythmias, however, in¬ 
cluding those induced by digitalis toxicity. In acutely ische¬ 
mic myocardial tissue, $'blockers increase the energy nec¬ 
essary to ti brill Me the heart and thus .may decrease 

mortality (in humans I of chronic therapy following myo¬ 
cardial infarct (Roden, 1905). As a fj,-blocker, propranolol 
is also negative inotropc. litis pharmacologic dfeci can 
he detrimental in the patient with small cardiac reserve 
(e.g.H the patient with CHF). Propranolol has been studied 
in erythroid and hypeithyroid cats (Jacobs el aL 1997). 
Change* in disposition induced by hyperthyroidism suggest 
that a lower dose is indicated for oral administration be¬ 
come of increased bioav&ilabity. 

Clinical indications of propranolol a* an antiarrtiythmic 

include reduction of ventricular rate in cases of supraven¬ 
tricular lachycard ias. hypertrophic and other forms of ob¬ 
structive heart disease, ami hyperthymidism* 

The toxic effects of propranolol are tht result of (3- 

blockade and include brady arrhythmias* hypotension* heart 
failure,, bronc hospaun* and hypoglycemia, particularly in 
diabetics. One should be particularly cautious in adminre- 

lenng a B-blocker to a patient with little myocardial re¬ 
serve, la an intact experimental canine model, insulin (4 
UJ/rmn IV with glucose* was shown to be superior hi 
epinephrine for treatment of ac ute propranolol toxicity 
(Kcms. 1997).. Nadolol (5 to |0 mg orally every 6 to 12 
hours [coil; 40 to 60 mg orally every 6 to 12 hours |dOgf) 

also is a nonspecific B-blocker that is renally excreted, 
bide effects and contraindications typical of propranolol 

occur for nadolol (Muir, 1991}, 

Selective ^Blockers 

Curvedilol represents die newest (third) generation of p 

blockers. Although it is characterized! by beta p, and as 
well os adrenergic blockade, ii is relatively (mildly) 0,- 

seleciive in human patterns. As such, it decreases total 
peripheral resistance and preload without compromise of 
cardiac output or reflex tachycardia (Ruffola et al.. 1995b), 
It -S. the only B-hleckci approved for use in Ifw treatment 
of heart failure in human patients. Advantages compared 
with traditional selective p-blockers such as metaprolo) 
include reduced mortality in human patients with left ven¬ 
tricular failure, perhaps due to a more complete antagonism 
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of syinpaihetic activation IDiLcnunJa el 41, IW; Ruflolo 
et al., IW8b; Sanderson ct a]., 1999; Kotsitm ct uL, 1999; 
Francis, 1998). 1l% benefits do not reflect a reduction in 
heart rate as much as improvement in left ventricular func- 
lion. Additional advantages may include antioxidant and 
antiproliferative properties and may inhibit apoptosis in the 

beiirt (Feueniem el al.. 1998; Ruffolo et aJ . 1998b) Fi¬ 
nally. carvedilol may inhibit ihe synthesis of endothelm in 

coronary arteries {Ohkicin ct ul„ 1998 k Carvedilol appears 

to protect against doxorubicin And need card in myopathy 
(Mat mu T 1998). The drug lias been studied in dogs but 
apparently not in cats. 

Carvedilol is well absorbed in dogs and undergoes ex¬ 
tensive hepatic metabolism, including gl neuron id; cat ion 
ami subsequent biliary excretion (Schaefer, 1998). The 
kinetics and selected pharmacodynamics have been studied 
in aneslheiized dogs (Sawangkoon et aL, 2000k The elimi¬ 
nation half-life was 54 minutes (compared with 2.4 hours 
in humans) and the volume of distribution was 2 L/kg. 
When studied at doses ranging from 10 p.g to 630 pg/kg. 
heart rate did not decrease, although these authors report 
that other investigators have observed an increased heart 
rale in awoke dogs. Pulmonary and. systemic pressures 
decreased in treated animals but increased in control ani¬ 
mals. consistent with the a-blockade effect of the drag 
The authors recommend an optimal plasma drag concentra- 
lion of 100 ng/mL. achieved after IV infusion of 150 to 
310 pg/rriL, 

The efficacy of carved ik>l and meluprolol for the tieai- 
ment of chronic heart failure has been compared, and also 
studied versus standard therapy in humans (Sanderson ct 
al,, 1999; Kulun et ah* 1999h No difference could be 
detected in most outcome measures between the two treat¬ 
ment'-, although patients receiving carvedilol had lower 

blood pressures compared with those receiving meioprolol. 
Patients receiving either drug significantly improved com 

pared with those receiving standard therapy (Sanderson et 
ah. 1 999). In a rabbit model of ischemia, carvedilol pro¬ 
vided superior cardioprotection, probably due to antioxi¬ 
dant and antinculrophil effects (Feuerstein cl al,, 1998k 

Atenolol (see Fig, 30-6) is a selective ^ blocker indi¬ 
cated for cats with hypertrophic cardiomyopathy associated 
with outflow obstruction and respiratory distress. Atenolol 

is 9CKr bioavail able after or.il administration in normal 
adult cats (Quinones cl al,, 1996k Elimination half-life in 
normal adult cats is 3.44 ± (1,5 and 3.65 ± 0,39 hours 

after IV and PO administration, respectively. A dose of 3 
mg/kg orally generates a peak plasma concentration of 0.48 
± 0.16 pigfmL and will block card jot esponsi vernss to 
isoproterenol for 12 but not 24 hours, suggesting a 12-hour 
dosing interval, 

Esmolol is a (3,-selective blocker characterized by a 

very ■ ultra) short half-life and a duration of effect of about 
10 minutes. It k administered IV and has proved useful 
for acute ventricular arrhythmias associated with inhalation 
anesthesia and surgical removal of hyperactive thyroid 
glands (Muir. 1991), 

Metoprolol is a relatively selective fi c -blocker. A .nge 
multiccmcr clinical trial studied its use for treatment of 
dilated cardiomyopathy compared w ith, a placebo The dreg 
did not appear to decrease mortality but did improve ven¬ 
tricular function m well os qualify of life 


(l,t.-a 111 drugs prolong the cardiac action potential and 
refractory period. They have no effect on the fast No 1, 
conductance and do not cause p blockade. There are two 
members of this class: hretylium and amiodarone, 

Bretylium used as an antihbriJLatory drag in humanv 
It accumulate? in sympathetic nerve terminals, where it 
blocks mirepii^ephrine release, but only after an initial 
release- of stored neurotran smitten ft is. however, minimally 
effective in dogs. It affects primarily the Purkmjc fibers 

and ventricles; hence it has a narrow spectrum of activity, 

ll is nor used clinically in veterinary medicine, but is 

used in human medicine for ventricular arrhythmias. It 
reportedly can cause dcfihriNation in eases of ventricular 
fibrillation in humans and ha-, been investigated for similar 
effects in the dog (Rosaiion et ah* 1991). Because it causes 
the release of norepinephrine from adrenergic neurons, it 
inay be associated with undesirable side effects, 

Amiodarone is a powerful antiarrhythmic drug useful 

for both atrial and ventricular arrhythmias (Sicouri et al,* 
1997). in the norma] canine heart, however* amicxkionv 
causes negative inotropic effects (Ware ct ah, 1991), It 

also causes both a-blocking and non selective p-blocking 
effects, Proarrhythmugenic effects are more likely in the 
presence of hypokalemia Amiodarone is metabolized to 
an active metabolite in dog* Amiodarone, however, shows 

only moderate efficacy for the treatment of arrhythmias 
(supraventricular or ventricular) in doga and cat.-, (Muir* 
1991)* although it was more effective than bretylium in 
preventing sustained ventricular tachycardia or fibrillation 
in a canine model of reperfusion arrhythmia (Rosaiion et 

al,* 1991} The drug presently is used in Europe and is 
under investigation in the United Stales. 

Class fV Anti arrhythmic Drugs 

Calcium channel blockers that ar particularly effective in 
the vasculature are discussed with the vasodilator drugs, 
Diltia/em and verapamil have been used for both dogs and 
cats for their effects on heart rate. Both drugs are also, 
however, characterized by negative inotropic effects, with 

verapamil being a more effective but less safe negative mo 
trope, 

Because calcium entry into myocardial cells is regulated 
primarily by slow channels, the CCBs also affect the heart. 

Specialized I issues capable of autumaticity and a trioven- 

t r ic u I ar c ond u ct i on tissues arc part i e u lari y a f fee led by 
CCBs* The differences in pharmacologic effects induced 

by these drugs often result from their effect on the ability 

of the slow calcium channel to recover from inhibition 
I Robertson and Robertson* 1995 k Calcium channel block¬ 
ers that do not alter the rate of recovery will have little 
effect ott conducting tissues, Drugs that du delay recovery 
of the channels can also delay conduction. For example* 
verapamil and diltiazem decrease the rate of recovery of 
calcium channels and thus not only decrease the magnitude 
of the cardiac action potential hut also slow conduction 
through the atrioventricular node, 'flic faster ihM atrioven¬ 
tricular nodal stimulation occurs* the more effective the 
atrioventricular nodal blockade is, Both drugs are useful 

for supraventricular arrhythmias. Because of their effect on 
slow calcium channels, they also decrease contractilily. 

In contrast, neither nifedipine nor amtodipine alters lie 
rate of recovery* and as such they are minimally useful in 
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Lhc treatment of supraventricular arrhythmias (Robertson 

j'tJ Robertson, 1995). In contrast, verapamil has been 
shown Ui be useful in ihe treatment of ventricular tachycar¬ 
dias ex peri menially induced in dogs (Dc Michel i et a!., 

199H. it also appears to provide cardioprotective effects in 
dogs with acute Chagas disease, which is characterized by 
destruction of sympathetic nerve terminals and alterations 
of [l*recep4or density iCheit et al,. 19%) A proposed 
mechanism is increased (Tadrcrtcrgu; adcttylyl cyclase ac¬ 
tivity 

m 

Diillazem 

Dilliajcm i see Ftg 3tWn is the moat commonly used 

calcium channel antagonist n veterinary medicine in pan 
because it has been studied in both dogs and eats, h exerts 
its greatest effects in the sinoatrial and atrioventricular 

nodes, tissues in which slow CV ' influx is largely respon¬ 
sible for phase (t depolarization, DiltiaZcm xlow s sinus 

rate and atriovenuiailar conduction The ventricular rate is 

reduced in patients with aiiial fibrillalion or flutter, but 
primary ventricular arrhythmias arc generally unresponsive 

to dihiuzem. Myocardial oxygen demand decreases in re¬ 
sponse to the effects of dilliazem. Cardiac side effects 
include hypotension, bradycardia, and various degrees of 
heart block, in human patients, a therapeutic range of 50 
to 300 ng/mL has been identified and cun be used as a 

target for clinical response in animals, 

Dillia/cm is metaboli/etI In ace I vial ion, which is defi¬ 
cient in ihe dog but not in the cat. In an attempt to identify 
a pi t duct that allow s convenient (once to tw ice daily) 

dosing inton ids, the disposition?* of several diltia/cm prod¬ 
ucts have been studied in cats. Comparison of 1%% standard, 
and slow-release (CD) dilliazcm preparations reveals a 
hall Iife of 120 minutes for the [V and PO preparations 

but 460 mtnutos for the CD preparation. Flic bioavuilabilT 
lies of the PO preparations are 71% (standard and *6% 
(CD). The higher hioavailahiliiy of the -standard preparation 
for cats than for humans 130- ? > may reflect less first-pass 
metabolism because cals are efficient aceiylatmv Peak, 
plasma concentrations for the standard preparation occurred 

at 45 minutes: peak steady-stale concentrations of CD 

should occur at 2 days. Dilria/iem is approx i mute I y 55'I to 
65 r k bound la serum proteins in cats. Maximum prolonga¬ 
tion of lhc PR interval is less than 20'4 for either prepara¬ 
tions occurring at approximately 18 hours, when plasma 

diltia/em concentrations are between 5-0 and 100 ng/mL, 
The pharmacodynamic effects have mu been studied in 

cats with hypertrophic cardiomyopathy. Based on these 
data, the standard ddtinzem product is administered at l 

mg/kg every S hours, but the CD product (prepared in 

gelatin as either 60-nig or 9(Vmg capsules) con he adminis¬ 
tered at 10 mg/kg every 24 hours. Mure recently, Dtlacor 
XR. another sustained-delivery diltia/em product, has been 
recommended The product cmwes as a capsule containing 
four 6(1 mg pellets One half of one of the pellets can be 

given once to twice daily. 

i)ilba?em has been studied in dogs (Ma-skasame ct al,, 
1992; Makanvura et al., 19*7). The PR interval :s prolonged 

approximately 20% at plasma concentrations of 64) ng/mL 
lit dogs suffering from atrial fibrillation or CHF, diltia/em 
1 0 5 to L uig/kg every S hours) can be used for its negative 


chronotropic effects to reduce heart rate m the presence of 

sustained supraventricular arrhythmia, Diltia/em can be 

used either alone or in combination with digoxin. Because 

of its negative inotropic effects, however, it must be used 

cautiously in patients with myocardial failure, and digitali¬ 
zation may be indicated before diltiazcm therapy is begun. 

The drug can he used IV ((1.2 to 0.4 mg/kg, fed lowed by 

illusion ol 4 u» 8 pg/kg per minute), although extreme 

caution is recommended 


Verapamil 

Verapamil is rimilar to diltia/em in its actions. It undergoes 
lirst-paxs metabolism after PO administration. Although it 
is available in both IV and PO administraiion. caution is 
recommended with IV use. It has heen studied for the 
treatment of acute supraventricular tachycardia m lhc dog 
ill a dose of 0.05 to 0,15 mg/kg up to 0.2 Id 5 mg/kg 
(Muir, 1991: Sisson and Thomas, 1995). Supraventricular 
arrhythmias that do not respond to Class IA drugs often 
respond to oral verapamil therapy (Muir, 19911, Among 

the ( ("Bs used in small animals, verapamil is associated 
with the greatest negative inotropic effects and as such 
should be used cautiously in animals with ventricular myo¬ 
cardial dysfunction. 



Digoxin, a cardinc glycoside traditionally recognized to 

be a positive inotmpe used lo improve cardiac muscle 

contractility in the failing heart, is also a negative ehrono- 
tfi.ipe due to IxKh its direct l inhibition of Na\K*-ATPaxc 
pump) and indirect (cholinergic-like) effects In fact, its 

most common use in the treatment of canine CHF is 

probably as a negative chronotrope rather than a positive 
tnornope. Atropine also should he considered an iintiar- 
rhyihinic by virtue of as blockade of vagal I y mediated 

cardiac slowing m some bradyarrhythinias Ii is useful, 

Imwever, only for duxt-tomo management. Longer acting 

orally administered anticholinergics (e.g. T propantheline) 
arc indicated only rarely for bradyanhythmias. with pace¬ 
maker placement being lire preferred treatment. 



A positive i not rope increases and a negative cluunoLrope 

decreases myocardial contractility. Although intuitively the 

use of j drug (hut increases curd i »c coninuriiliiy is rcav in - 

able m the patient with a failing myocardium, proof of 

clinical efficacy of positive inotmpts ,s lacking, and then 
use is accompanied by controversy Knight, 1991 j. 

Positive inotropcs can theoretically act b> several medi¬ 
an isms, most of which increase the quantity of calcium 
available for binding, which, m turn, augments contractile 

protein interaction in the myocardial cell (see Fig. ,3(4 If 
This can be accomplished! several ways increasing eAMP 
production by stimulating adenylate cyclase; decreasing 

cAMP degradation by inhibiting PDFs: altering the 
Na\Ci * -ATPasc exchange pur up: and. finally, directly 
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stimulating the proteins in the cell membrane that control 
calcium channels (see Fig. 30-1). 


Digitalis and Other Cardiac Glycosides 

Digita \is has been used as a cardiac drug since at least ihc 
early 12(Mk {Snyder and Atkins, 1992; Kelly and Smith, 
1995; Adams, 1995b I. The therapeutic margin of the car¬ 
diac glycosides is narrow, but they base not been replaced 
with alternative safer drugs because none has yet been 
identified. The clinical efficacy of the cardiac glycosides 
probably reflects their actions as negative chronotropes as 
well as positive inotropcs. Digitalis is used to increase the 
adequacy of circulation in patients with CHF and lo slow 
the ventricular rale in the presence of supraventricular 
tachycardia le g., atrial fibrillation and flutter I, It is likely 
that the major benefit of these drugs in most patients results 
from the hitter effect. 


Structure-Activity Relationship and Meehan Km 
of Action 

The source of digitalis is the dried leaf of the foxglove 

plant tDigiiiitis pttrputra). The acti\e component of cardiac 

glycosides is an aglycone, which is released from attached 

sugars by hydrolysis (see Fig. 30-61 (Adams. J995b; Kelly 
and Smith. 1995). The most probable mechanism of action 
for digitalis's inotropic effect is inhibition of the mem¬ 
brane-bou nd Nii%K*-activated adenosine triphosphate 

(Na' ,K ‘ -ATPasc) ll pump" (Fig. 30-9; see Fig. 3CM). The 

en/vmatic activity is impaired, and the active transport, or 
exchange of these iwo ions, is impaired. As a result, there 
is a gradual increase in intracellular sodium. The cardiac 

fibers (both cell membrane and sarcoplasmic membrane) 

possess a second ATPa.se pump ihai exchanges Na* for 
Ca : *. When the Na*,K* pump is inhibited and Na* subse¬ 
quently increases in the cell, the exchange of Na* for 
CV is augmented, and calcium influx is increased. The 

increased intracellular calcium, even though small, in lum 


leads to markedly increased release of Ca 2 * from the sarco¬ 
plasmic reticulum during systole (see Fig, 30—1 and 30-2). 
Myocardial contractility improves, resulting in an increase 

in left ventricular function in both the normal and falling 

myocardium (Kelly and Smith, 1995). In. people, the in¬ 
crease in contractility occurs at scrum levels of 1.4 ng/mL 
(Kelly and Smith 1995). 

The ability of digoxin U> decrease ncurohumural activa¬ 
tion associated with heart failure also has hcen examined 
(Kelly and Smith, 1995). Inhibition of the sodium pump in 

neuronal cells, particularly in the baroreceptor, results in 
stimulation of parasympathetic and inhibition of sympa¬ 
thetic nerves, Digoxin appears to direcily alter carotid 
baroreHex responsiveness to changes in carotid sinus pres¬ 
sure in animals with heart failure Other indirect effects of 


digitalis also result from increased efferent vagal (choliner¬ 
gic | effects. These effects arc more pronounced on atrial 

fibers ami specialized cardiac pacemaker and conduction 
fibers. Digoxin decreases autonutkity. increases the dia¬ 
stolic resting membrane potential, increases the effective 
refractory period, and decreases conduction velocity, partic¬ 
ularly in atrial ami atrioventricular nodal 1 issues. Digitalis 

also decreases the number of atrial impulses that arc trans¬ 
mitted to the ventricles through the atrioventricular node 
during atrial fibrillation or flutter. These effects reflect 
both an increased vagal tone and a decreased sympathetic 
nervous system activity (Kelly and Smith, 1995), causing 
slowing of the heart rate, particularly in patients with a 

rapid heart rate. 

These effects occur ol serum dtgoxin concentrations of 

1.3 ng/mL (Kelly and Smith. 1995), thus at concentrations 

that are not toxic, and probably at concentrations less than 
those associated with peak contractility {Kelly and Smith. 
1995). As scrum digoxin concentrations increase, however, 

sinus bradycardia Or arrest, prolongation of atria ventricular 
conduction, heart block, or increased sympathetic nervous 

activity with increased automaticity may occur. The nega¬ 
tive chronotropic effects of digitalis can be ameliorated 
with atropine. Paradoxically, in the presence of digoxin, 
atria are sensitive to acetylcholine, atrial conduction is 
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enhanced, and, in the diseased heart, the risk of atria 
tachycardia* (eg.. atrial tibriIlation } is increased, increased 

intracellular calcium contribute* to the arrhythraogenicity 

of digoxin (Kelly and Smith. 1995 k Digitalis has only 
minor indirect effects in ventricular tissue 

The effeelx of cardiac glycxModes on myocardial oxygen 
demand depend on llie net effect on cardiac function 
Mechanistically, energy utilization shills from one AXPase 
pump to another, which might minimize the increase in 
oxygen needs, lit normal hearts, however, oxygen demand 

increases proportionately with increased contraction (Ad- 
ams, l Why it ventricular volume decreases and systolic 
wall sires* decline, however, as would be expected in an 

animal w uh myocardial failure, improved cardiac function 
and subsequent decreased fiber length will compensate 

for the increased oxygen demand caused b> improved 
contractility 'Knight, 1991; Adams, 1995b). 

Cardiac glycosides can cause peripheral arterial and 

venous vasoconstriction, but these effects are more likely 
iEli the normal animal (Kelly and Smith. 1995' Pulmonary 
vasoconstriction h induced by all except digoxin. Effects 
s« tlic vasculature arc more common after IV administration 

and occur in levs than 15 minutes: indeed, with PO admin¬ 
istration, vasodilation predominates. Thus, oral digitaliza¬ 
tion with digoxin will minimize the- risk of adverse effects 
caused bv cardiac glycoside-induced vasoconMriclion 
(Knight. 1991 i. 

Clinical Pharmacology 

Digoxin and digi toxin are the two most widely used prepa¬ 
rations. The dispositions of both drugs have been studied 
in dogs (Brcznock. 1973; Dc Rick ct al., 1978; Button of 
.il.. |9NttaJ>) r The disposition of the cardiac glycoside is 
quite sariahle among animals and preparation?'. Plasma 

drug concentrations accordingly are variable. Oral absorp¬ 
tion of digoxin is variable and depends on the preparation, 
varying from 40% to 90(3 . Absorption of the alcuhul |i,e. p 
elixir) form it best. Up to 90% of the dose is absorbed. 

with peak concentrations occurring in 45 to 60 minutes 
(Adams, 1995bh Variation in bioavailability of tablet* re¬ 
sults from differences in dissolution between products 

Absorption is retarded by food. Ihe ahsorplion of digitnxin 
is much more complete because it is more Isptd soluble. 
Both drugs are distributed slowly, in part because of .i large 
volume of distribution. The volume of distribution includes 

most body tissues. The drug is concentrated in cardiac 

tissues. Only 25% of digoxin is protein bound, whereas 

most of digitoxin is (90%) protein bound 

Doses at digitoxm generally must be higher than those 
of digoxin m part because it is highly protein bound. 
Because it is minimally bound, digoxin should have faster 
effects. Digoxin is primarily eliminated unchanged in the 
kidneys. Its reported half-life 6 quite variable, ranging 
from 21 to GO hours (Adams, 1995b), with a working 
average nl S 7 days. Even in the <vmc animal, digoxin 
half-life can vary (e g , 154 to 46 hours in one studyl 
i Adams. 1995b). Elimination half-life thus i\ strongly in 
fluenced by renal function, and greater variability can be 
expected in animals in which renal function changes with 

ihe progression of cardiac disease and its response to ther¬ 
apy. For example, we have calculated elimination half-life 


for digoxin as short as 9 hours in animals concurrently 
receiving an ACE inhibitor and diuretic therapy and longer 

than 441 hours in animal* with presumed renal dysfunction 
It is tins variability in half-life that leads to my recommen¬ 
dation that both peak and trough concentrations be col¬ 
lected when monihiring digoxin (see Chapter 4k 

Digitoxin h metabolized by the liver (one of the prod 

wets is digoxin). and its metabolism is affected by factors 
that alter the microsomal system but not by hepatic dis¬ 
ease. Despite binding to serum proteins and hepatic metab¬ 
olism. its half life of 8 to 12 hours in dogs is shorter 
than that of digoxin. necessitating more frequent dosing. 
Digiioxia undergoes it small enterohcpatic cyck Variation 
in disposition among animals coupled with a narrow thera¬ 
peutic range makes digoxin toxicity very possible. 


Preparation* and Owing Information 

Digoxin is available for IV or PO administration Intrave¬ 
nous administration results in pharmacologic effects in 5 
to 30 minutes, with a maximal effect in 2 hours, it should 
not be given IM because it causes pain and necrosis. Oral 
administration result* in pharmacologic effects in I to 2 
hours, although peak effects may not occur until later. 
Digoxin elixir is more bioavail able, and dose* may need to 
be decreased by 15% it deemed necessary* oral digitalisa¬ 
tion is best accomplished wiiti digoxin tablets. In the ab¬ 
sence of a loading dose, steady-state concentrations cart be 
achieved within 48 hours of oral dosing. A prudent IV 
loading dose is administration of the oral daily maintenance 
dose over a 12-hour period I Knight, 1991). Dose* should 
be calculated on lean body weight; toxicosis ts likely to be 

minimized if dosing is based on body surface area (0.44 
mg/irrk Daily doses should be divided if warranted based 
on drag elimination half-life fas calculated from therapeutic 
drag moniioring) to minimize fluctuation in plasma drug 
concentrations, 


Drttg Trilfractions 

The concurrent administration of quimdine increases 
plasma concentrations of digoxin, probably due to displace¬ 
ment from tissue binding sites, although this mechanism 

may be controversial (Duering, 1919; Colvin et ah., 1990). 

Verapamil also increases concentrations of digoxin (Knight, 
1991). Interactions between digitalis and diuretics stem 

primarily from the effects on potassium (hypokalemia). 

Diuretics do not seem to alter the disposition of digoxin 

(Kavis et ul., 1987), Phenobarbiial ha* been reported to 

increase (rather than decrease) digoxin concentrations; the 
clinical relevancy of this report is not clear (Eedersoli et ah. 
1980; Ravis ct al., !9l7j, Administration of ^-adrenergic 

agonists increases the Likelihood of arrhythmias. Amphoter¬ 
icin B may also cause hypokalemia and thus potent Me 

digital! h intoxication, 


( linRuJ Efficacy 

Inotropic response to digoxin is greatest in the initially 
depressed state of the failing heart. Stroke volume increases 
ax ventricular emptying improves, with a reduction in end- 
diastolic volume (Knight, 1991). This positive effect is less 
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h y pc rca I eem i a, hypomug nc sc m t a, h ypothy roi di xm, acid 

Hast* imbalances and abnormal renal Junction (Kelly and 
Smith. 1995), Ombi nation therapy with other drugs also 

predisposes the patient. Selected digram preparations also 
are mors- likely to cause toxicity because of differences 
to absorpiion. The eat is more sensitive to digoxin than 
the dog. 

The most frequent cause of digoxin toxicity is probably 
overdosing. The potential for toxicity ls increased with 

hypokalemia because binding to the Na * * ATFasc pump is 

facilitated. This may occur, for example, if the patient is 

also receiving diuretic therapy that causes potassium loss 
(lurosemide > thiazides, and other "nonsparing 1 diuretics j. 
Digitalis toxicity can bo diagnosed and the risk minimized 
by plasma drug concentration monitoring. T herapeutic con¬ 
centration* of dtgiloxin are 1.4 lo 2.6 ng/mL, with concern 

I rations greater than 3 4 ng/mL considered toxic (Adams, 
f995bh The recommended range for digoxin is likely to 
vary with the laboratory but generally is 1 5 to 2,5 ng/mL. 
The targeted concentration for either cardiac glycoside in 

ihe individual animal should be based on clinical signs, 
including response to ihcrapy. The risk of toxicosis is 

greater if concentrations exceed 2.0 to 2.5 ng/mL (De Rick 
ct aL, 1978). Because the elimination half life of digoxin 

can he so variable in dogs with CHF lour experiences), 

both peak and trough concentrations e at 2 anti 11 5 hours 

after PO administration) may be needed in order to design 
an appropriate dosing regimen If only a single sample is 
possible, the lime of selection collection depends on the 

intent of monitoring. If toxicity is ol concern, a peak 
sample should be collected at 1 to 2 hours afle t administra¬ 
tion; 4 efficacy is of concern, then a trough sample should 
he collected. Neither situation will, however, offer guid¬ 
ance of drug Concentrations throughout the dosing interval 
The treatment nj cardiac glycoside intoxication includes 
t H discontinuation of digitalis therapy for m least one 
dmg elimination half-life; t2i discontinuation of putassiuin- 

depleling diuretics: (3) administration of phertyioin, which 

blocks atrioventricular nodal effects of digitalis (bradyar 
rhyihmias), lidocainc (for \emricular arrhythmias) (Aki 
yama and Jiashimoto. 1990) (1 3 mg/kg IV). and oral 
potassium supplementation (e.g.. potassium chloride)* hut 
only it hypokalemia exists {Adams. 1995b). Atropine may 
he useful lo ireal sinus bradycardia and second-degree or 

third-degree heart block induced by cholinergic angmen¬ 
tation. Procainamide also has been shown ex pen mentally 

to be useful for treatment of digoxin-induced ventricular 
arrhythmias in ihe canine heart when plasma drug concern 
tnbons approximate B to 12 ng/mL iHitdou et uL 1987; 
Hashianoio et al.. 1985). Cholestyramine can be used as a 

binding agent todet lease absorption Irani Ihe gu-siruinic^ti 

nal tract (including drag undergoing enterohepatic circula¬ 
tion i 

Punficd antibody fractions (Fab) to digoxin have proved 
to be ati effective antidote to digoxin toxicity in people. 
Although they have been successfully used by the author 
to treat an accidental overdose of digoxin, their cost is 
likely io be prohibitive. For people, a full neutralising dose 
costs $2000 to $3000. Dosing is complicated* being based 
on the total amount of digoxin in the body, Ibis can be 

estimated based on the amount ingested and the average 
bioavatlability or on serum digoxin concentrations and the 
average volume of distribution (Kelly and Smith, 1995). 


Toxicity can. recur once the Fab has been d tin mated 1 to 
2 days after therapy, particularly in patients with impaired 
renal function. 

CU ideal Use 

Clinical vises of digitalis include restoration of adequate 
circulation in patients with CHF and reduction of the ven¬ 
tricular rate as a treatment of atrial fibrillation or flutter. 
Both syndromes require long-term treatment. If there is no 
urgency in treatment* tine drag can be administered orally. 

Maximal effect is achieved in four half-lives. 

Digoxin is the cardiac glycoside drug of choice except 
for the patient with renal disease: digit ox in should then be 
administered* Calculation of dignxin doses should be based 
on lean body weight* and dosages should be reduced in the 

obese pattern in the presence of ast ites. Electrolyte disor¬ 
ders should be corrected before dosage* 



Phosphodiesterase inhibitors prevent the breakdown of 

£ AMP and therefore increase intracellular cAMP concen¬ 
trations. The result is tin increase in myocardial contractil¬ 
ity. 

MothyKanthiiH DerivaiJves 

MethyLxanthine derivatives have been classified as PDE 
inhibitors, bin the mechanism of action is controversial. 

Their mechanism of action may actually be due to altered 
calcium fluxes or other mechanisms. Of the methylxan- 

tftmes, theophylline is the most caidiopotcnl. The positive 
inotropic effects of these drugs are complex because they 
have a variety of pharmacologic actions. In addition to their 
cardiac effects, these drug have significant CN5, renal aiuJ 
smooth muscle effects. Thus, their use for cardiac disease 

is Limited. 

Fun! toxicides can occur and usually do occur during 
chronic PO or rapid IV administration, probably dye to 

cardiac effects. Tachycardia anti CNS signs (restlessness, 
by pcrexcii ability, sensory disturbances) tan he correlated 
wiih increased plasma concentrations. Plasma monitoring 

ma.\ be used lo control toxicitv Local gastrointestinal irrita¬ 
tion and nausea, vomiting, and diarrhea may occur with 
PO adm ini strution * These can tic avoided by administration 
of the drags with food. 

Therapeutic uses for the methyl xanthines in cardiac dis¬ 
ease are limited. In veterinary medicine, theophylline has 
been used to treat ( HF Currently, these drugs should only 
be used in cardiac patients with respiratory disease. 

Btpyridiiies 

Bipyridines are “ nong^ycosidic, noncatecholamine"' posi¬ 
tive inotropes that act similarly to catecholamines in the 
heart Unlike catecholamines, myocardial oxygen con- 
sumption b not dramatically increased, Peripheral vasodilj- 
lion is another major therapeutic benefit of these drags. 
Aimintme was the first of this class uf drags to lx- used 
therapeutically, but il is associated with too many side 
effects. In contrast, milrinone is more potent yet character 
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i/ed by a U>xic to therapeutic ratio of 100 in normal dogs, 
dcipite being 20 io 30 times as potent as umrinnnc- 

The mechanism of action of these drugs is probably 
inhibition of PDE and increased intracellular cAMF con¬ 
centrations. These effects appear to he induced without a 
dramatic rise in myocardial oxygen consumption. Differ¬ 
ences in potency and toxicity whan compared with theoph¬ 
ylline may re fled selective PDL isoenzyme inhibition for 
each group of drugs. The bipyridines inhibit PDE III only, 

whereas theophylline may be nonseketive inhibitors of 
PDE. Pilot studies indicate an elimination half-life of about 
1.4 hours for milrinone in dogs, although this is likely to 
be quite variable iKittktfm, 1991) Oml bioa variability 
appro x i mates 92*?E 

Intravenous or oral administration of milrinone results 
in marked positive inotropic effects in patients with conges¬ 
tive heart failure. Effects are dose dependent!. Contractili tj 
increases up to 10091 at plasma concentrations of 200 mm/ 
L after infusion of lOg/kg per minute in anesthetized dogs 
versus only 61KT in patients receiving digitalis. An oral 
dose of 1 mg/kg increases contractility 901 and decrease 
blood pressure by ICET Heart rue also, however, increases 
401: As with drug disposition, individual animal response 
to milrinone appears to be quite variable {Kittlefion, 1991). 
As with the cardiac glycosides, animals with very poor 
myocardial function may not be able to respond to the 
bipyridines In clinical trials in dogs with CHE approxi¬ 
mately HCKft of animals reportedly respond (Keister et al. 
1990) Survival data were not reported for dogs. Milrinone 

does not appear to be as effective a positive inotrope for 
people as it is for dogs, 

Milrinone appears to be substantially safer than diguxin 

when given at an oral dose of 0.5 to 1 mg/kg twice daily. 
In people w itft myocardial failure, myocardial oxygen con- 
sumption docs not increase mid may decrease after treat- 
matt with miLrinunc Exacerbations of arrhythmic* may 
occur in some animals. Ruptured chordae Lendineae (4‘T) 
and sudden death U3 J T) were other complications reported 
in clinical trials with dogs with CHE The current status of 
milrinone is not clear, but apparently it is still undergoing 
consideration for approval tor dogs. 


I \ -Adrenergic Agonists 

Tim [T adrenergic agonists include the catecholamines (nor 
epinephrine, epinephrine, isoproterenol, dopamine, and do- 
butammcji. The mechanism of action of the positive inotro¬ 
pic effects of these drugs is stimulation of adcnyl cyclase 

and increased cAMP (see Fig. 30— K1, These drugs are the 

most potent myocardial siimulfuiLv. each cau&ing increased 
contractility, In addition, depending on the drug, potent 
peripheral vasomotor responses tend u limit their use clini¬ 
cally as positive i no tropes 

Dopamine 

Dopamine is an endogenous catecholamine (norepineph- 
rinei precursor with selective jB activity that is widely used 
as a cardiac stimulant. Because it stimulates the release uf 
norepinephrine. however, it has a-receptor- |3 : -receptor-, 
and dopaminergic receptor-mediated actions as well. Its 


inotropic effects are due to receptor stimulation in the 
heart. At low doses (4 gg/kg per minute). .t increases 
stroke volume and cardiac output and stimulates renal 
dopaminergic receptors, causing increased renal Wood flow 
and diuresis. This is useful during situations of systemic 
vasoconstriction lc.g,„ shock) during which it is- important 
to maintain renal blood flow. At high dreses, however, 
it causes a stimulation and vasoconstriction. This may 
potentially reduce renal blood flow. Dopamine appears to 
increase systolic pressure without significantly affecting 
diastolic pressure. 

Dopamine is not effectively absorbed orally. It is rapidly 

metabolized by the body by monoamine oxidase and cate* 
cholamitie-Omelhyltraiiffemse (CX3MT) and has a half- 
life of less than 2 minutes. Dopamine is most commonly 
marketed as 4 solution that is further diluted with saline or 

dextrose. The drag is administered intravenously. Because 

the pharmacologic effects of dopamine are short lived, it 
is usually administered by constant infusion, and rare of 

administration can be used to control the intensity of ef¬ 
forts.. 


Cardiac arrhythmias may occur due to ^-adrenergic ac¬ 
tivity. Dopamine should not be med in the hypovolemic 

patient (due to potential for enhanced vasoconstriction?). 

Tissue sloughing may occur in the event of perivascular 
leakage. Indications include cardiogenic, or endotoxic, 
shock and oliguria. 



Dobutamine is a synthetic drug that is similar to dopamine 
but has a 1 mm bulls molecule associated with it. Its 
mechanism of action is similar lo that of dopamine, but it 
has fewer nom-p. effects Dobutamine is j more effective 

inotrope than dopamine and is n<»t associated with in¬ 
creased cardiac rates at lower doses. Do hot amine appears 
to increase cardiac contractility with less cardiac oxygen 
consumption than other catecholamines. Dobutamine does 
not dilate the renal vascular bed as docs dopamine, al¬ 
though in a canine mode] of endotoxic shock it increased 
urine output and mesenteric blood low' at 5 and 10 pg/kg 
per minute (DeBider ct al., 1996). Because of its greater 
selective effect on contractility as opposed to increasing 
heart rate- it b preferred to dopamine as a positive inotrope 
lor treatment of CHF that U severe and eminently life 
threatening Its- anhythmogcnicity is less than that of epi¬ 
nephrine and is not likely to occur (in normal dogs or dogs 
with ventricular ectopic beats) until therapeutic doses have 
been exceeded. 

Dobutamine is not effective orally and has a plasma 

half-life of approximately 2 minutes due to metabolism by 

CGMT. It i* therefore usually administered by constant 

intravenous infusion. The drug is metabolized in die liver 

to inactive glucuronide conjugates. Like dopamine, ddfou- 
tiifiunc is prepared as a solution to be dilated, with dextrose. 
It is stable only for 6 hours after dilution. The major 
indication for dobutamine is short-term therapy un refrac¬ 
tory CHF It is the preferred drug It.g., compared with 
diguxin) because its short half-life reduces the potential for 
toxicity and the inotropic effects of dobutamine are greater. 

Treatment beyond 48 hours is discouraged, in part because 

of the development of tolerance. In people, however, a 
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residua] effect occurs for up to several months. Dobutanunc 
and volume replacement arc indicated for treatment of 

hemorrhagic shock (Loo el hi],, 1997), Likewise, m J>>^s 

with septic chock, dobutamine (5 to 10 iig/kg per minute! 

increases mesenteric blood How and urine output when 

administered in conjunction with fluid therapy (DeBacker 
cl al„ 1996k 

The dost general I y recommended is 2.5 to 30 (ig/kg per 
minuie. Improvement should occur w ilhm ,10 minutes, and 
doses can be increased 3 to 2 |ag/kg per minute every 30 
minutes until side effect preclude fun her dose increases 
The most common side effect is ventricular arrhythmias, 
which are less likely to occur if doses of 15 jxg/kg per 
minute arc not exceeded Animals with very severe CHF 
and very poor myocardial function may not he able to 
respond to dobutamine because of little contractile reserve. 


Epinephrine 


Epinephrine is one of die most potent vasopressor drugs 
known, h causes an immediate rise in blood pressure due 
to < I) direct myocardial stimulation and a positive inotropic 
effect, (2) an increased heart rate or positive chronotropic 
effect, and (3) vasoconstriction in many vascular heds, As 
with the other catecholamines, its cardiac effects arc due 


to direct interaction with f$,.reccpiors and cells of the 
pacemaker and conducting tissues. Cardiac systole is 
shorter and more powerful. Because the formation of 
cAMF requires ATF, however* epinephrine causes the 
greatest increase in the rate of energy usage and myocardial 
oxygen demand This increase in oxygen need may be 
detrimental to the failing heart. Increased work and myo¬ 
cardial oxygen consumption result in rtdueed cardiac effi¬ 


ciency, 

Epinephrine is rapidly metabolized in the gastrointesti¬ 
nal trace and docs not reach therapeutic plasma concentra¬ 
tions after FO administration.. Absorption is more rapid 
Lifter IM versus subcutaneous (SC) administration because 


of local vasoconstriction. Epinephrine is rapidly metabo¬ 
lized by the body. The liver plays an important but not 
essential role in the metabolism of epinephrine. Two en¬ 
zymes catalyze its degradation: COMT and monoamine ox¬ 
idase. 


Epinephrine is available in several forms of solution 

that can be used for IV, inhalation, and nasal administra¬ 
tion. Because of the decreased efficiency of cardiac work, 
epinephrine is not used simply as a positive inotropic agent. 
Ventricular arrhythmias can he expected In addition. CNS 
signs may occur. Tht? primary indication for epinephrine in 
treatment of cardiac disease is acute cardiac life support 
(see ' 4 cnish can" drugs). 


Isoproterenol 

Isoproterenol is u nonspecific f$ agonist that, like epineph¬ 
rine. increases myocardial oxygen demand. Tachycardia 
and the potential for other arrhythmias tends lo exclude its 
use for the cardiac patient. 

Miscellaneous Agents 

Miscellaneous inotropic agents include calcium when given 
as a slow IV injection or infusion. Care must be taken with 


the administration of calcium because it can cause cardiac 


rigor and standstill at high doses. The giuconate form is 

preferred u> calcium chloride. Glucagon is idsu a positive 



Coenzyme Q, also called ubiquinone, is a natural fat- 
soluble compound similar |Q vitamin K in structure and 
ubiquitous in plants and animals. It acts as an antioxidant 
to protect cell membranes from free radical activity The 
use of ihc compound is being considered in patients with 

severe congestive heart I an lure (150 to 225 mg/day), partic¬ 
ularly for those whose endogenous concentrations hill be¬ 
low 2 jj,g/mL. The effects of Coen/y me Q on myocardial 

cells is controversial. In cultured myocardial cells, Coen- 
zyme Q stimulates beating activity, probably by stimulating 

the formation of mitochondrial ATP (Kishi et al., 1993). 


In humans undergoing valve replacement* Coen zyme Q 
appeared to scavenge hydroxyl but not supcioxide anions 
(Zhou el aL 1999 k Singh and cowortcrs (1999) demon¬ 
strated a protective effect of Coenzyme Q in patients re¬ 
ceiving the compound within 3 days following acute myo¬ 
cardial infarction* However, a lack of effect on ventricular 

function was reported in patients with congestive heart 

failure (Langsjoen* 2000). Coenzyme Q may block 
apoptosis (Kagan. 1999). Foods highest in Coenzyme Q 
include beef* spinach, sardines, albacore luna, and peanuts. 
Coenzyme Q is available as a dietary supplement, generally 
m capsules ranging in size from 10 to 60 mg. 

Nutritional intervention with essential nutrients* includ¬ 


ing L-aiginine and l- carnitine, also bus been recommended 
as effective adjunctive therapy for prevention and control 
of cardiovascular disease ik end lor. 1999). 


NEGATIVE INOTROPES 

fhe negative inotropes most commonly used in clinical 
practice are those that block p-reccpiors (propranolol, 

which is nonselective, or atenolol, which selectively blocks 
Prreceptors) or CCBs (dtttiazem), By virtue of their mech¬ 
anisms of action* drugs in eitlier of these categories also 
lend to act as negative eftronotropes; often this action 
is desirable. Both groups of drugs have been previously 

discussed as anti arrhythmic*. These drugs are further dis¬ 
cussed under treatment of hypertrophic cardiomyopathy. 

The primary indication for the use of negative chrono 
tropes in veterinary medicine is feline hypertrophic cardio¬ 
myopathy, a cardiac disease characterized by a thickened 
cardiac muscle, poor dlstemibility and compliance, and 
thus poor cardiac rilling, and* depending on the degree of 

ventricular hypertrophy, obstruction lo cardiac outflow. 

Atrial fibrillation is not uncommon in this syndrome and 

generally causes a tachycardia lhat worsens ibis syndrome. 

Thus the negative chronotropic effects of these drugs are 
of benefit incuts suffering from hypertrophic cardiomegaly. 


TREATMENT OF SPECIFIC VASCULAR 
DISORDERS 

Acquired Valvutar Diseases 

Chronic Mitral Valve Insufficiency 

■r 

Puthophys iologv 

Chronic mitral valve insufficiency (CMVI) results from 
endocarditis of the mitral valve ami is (he must common 
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anti pulmonary 1 capillary pressure., AFkrload reduction, di 
incites. and positive inotropes are indicated in that order, 
depending on the seventy of clinical signs and the presence 
of m>tKiirdial dysluiKiion The most appropriate aftcHoud 
reducer again may he bawd on the presence "f absence of 
myocardial failure ami compensalory mechanisms. Diuret¬ 
ics initially may play a more active role in the presence of 
pulmonary edema, but a decreasing need may be evident 

after several weeks of therapy In the case of acute eardio- 
genic pulmonary edema (i.e. , that which is life threatening), 

morphine may be helpful, its central effects may reduce 
stress and anxiety and the negalive sequelae of vascular 
responses <o stress. Respirations may deepen, slow; and 
result in improved ventilation In addition, ventilation may 

result ;ti pooling of blood in (he spbnchnk vasculature, 

rcducii g preload Care should be taken lo not overdose 

with morphine <0.1 to II. 12 mg/kg SC. repeat as necessary j. 
The enlargement of the left atrium may result in the 

development of supraventricular tachycardias in animals 
with CVMI. Ventricular rates greater than 180 beats per 

minute tbpm) arc likely to reduce cardiac output. An added 
foal of drug therapy for such patients is reduction of heart 
rate to 150 lo 160 bpm or less Dignxin is the preferred 
aiuiarriiyihmiv drug, with the addition of either diliiazem 
or selective fj,-blockers ot metoprolol. The potential bene¬ 
fits* of [i-bluckcrs on the diseased myocardium (see discus¬ 
sion under aniiarrhvthmics) warrants strong consideration 
of their use fWhite, 1998). Cardiac decompensation may 

occur in some patients if the heart rale drops below IM) 
bpm; animals whose heart rate depends on sympathetic 

activity may be particularly sensitive to p-blockade 
(O'Grady, JW). 

Right-sided heart failure is described as a common conn• 
plication of GMVl (O'Grady, 1995). Because the right 
ventricular wall is thinner ihan the left ventricular wall, it 
is more compliant and thus better able to adjusl to tin: 
increased volume associated with tricuspid insufficiency It 
does nou however, adjust a* well lo increases in pulmonary 
pressure. Right ventricular stroke volume can markedly 
decrease in the Face of very small increases in pulmonary 
pressure, resulting in decreased delivery to the left ventricle 
srtd decreased cardiac output The use of systemic vasodila¬ 
tors in the presence ol pulmonary hypertension may further 
decrease cardiac output Unfortunately, pulmonary hyper¬ 
tension is not conducive to selective phiirmacuktgic man¬ 
agement Among the current vasodilators used, hydralazine 
appears to be the most likely io induce preferential dilation 
of the pulmonary arterial tree compared with the systemic 

vasculature. Hydralazine decreases pulmonary vascular re¬ 
sistance in birth normal lungs and in lungs with rvprrinvcn' 

tally 3 nd m re d cm bo li ? y 1 i c? n (Lu p i - H erre m et a I., 1992). 

Because hypoxia can worsen pulmonary arlcnuJ vasocon¬ 
striction. osygen therapy is critical lo the treatment of 
pulmonary hypertension assoc iaied with CVMI, Aggressive 

diuretic therapy is indicated to reduce pulmonary edema as 
well as pulmonary hypertension, Bronchodilaior therapy 
may facilitate bronchiolar smooth niirede spasm, facilitat¬ 
ing air movement. Theophylline has been associated with 
ventilation perfusion mismatching, vo oxygenation is im¬ 
portant. This adversity has -not, however, been addressed in 

the presence of pulmonary hypertension, fi-Adrenergics 


may be an equally acceptable Nonehodilator uliemntive to 

theophylline. 

Ruptured chordae tcndirtesie ha* been described as pi visi¬ 
bly the most frequently encountered, complication of CVMI 

;0 Grady. 1995) The sequelae of rupture appear more 

dependent on which (Le,, first, second, or third order■ rather 
than how many rupture. The negative sequelae generally 
reflect the left atrium's inability lo accommodate to the 
rapid increase in left atrial pressure. Patients may pre¬ 
sent in severe respiratory distress as pulmonary capillary 
pressure and pulmonary (interstitial and alveolar) edema 

develop. Right-sided heart failure (manifested as pleura! 
effusion or ascites) also may be present. Treatment includes 
aggressive diuretic therapy (furosemide at S mg/kg IV 
every 6 hours). Rapidly acting positive mutrupcs (dobuta- 

mine or dopamine) may facilitate emptying of tine left 
ventricle and thus decrease the size of the mitral annulus. 
A her load reducing agents appear to he of no benetii and 
may tic deleterious if cardiac output decreases. Preload 

reducing agents are probably less beneficial with right- 

sided failure. 

Tricuspid Valvular Insufficiency 

Because a normally functioning left ventricle ensures for¬ 
ward movement of blood in live right ventricle, incompe¬ 
tent’} of the tricuspid valve generally does uni lead to 
cardiac insufficiency unless accompanied by an under! y ing 
disease (e.g. % pulmonary hypertension, heartworm diseases, 

CM VI), Identification of any underlying disorder leading 
to tricuspid valvular insufficiency is critical lo successful 
management of cardiac insufficiency, Loop diuretics (furo¬ 
semide) or aldosterone antagonists (spironolactone) (or a 
combination thereof) may be indicated for management of 

ascites. Digoxin may be helpful in (he presence of myocar¬ 
dial failure, and antiarrfiyihmic drugs may be necessary to 
control tachycardia (CVGrady, 1995). 



Dilated Cardiomyopathy 

Pathotofff 

The cause of dilated cardiomyopathy (DCMl in dogi is 
not known, although a number have been proposed (e.g.. 

viral, nutritional, toxins, hereditaryOften secondary 
changes cannot be discerned from primary changes (i.e., 
which is cause and which is effectl. Biochemical changes 
similar to chose accompanying DCM in humans have been 

identified in dogs, including decreased myocardial carnitine 
or myoglobin concentration, decreased [1-receptor- 

mediated adenyl cyclase (e g., down regulation of receptors 
or decreased intracellular proteins), decreased intracellular 
regulatory proteins (c,g., light chains), or altered calcium 
release from the sarcoplasmic reticulum. Among these 

causes, decreased carnitine has received the most attention 
(Keene. 1991). Carnitine is responsible for the transport of 
fatty acids into mitochondria where ihey are subjected io 
p oxidation; carnitine deficiency then might be character- 
ized by altered energy metabolism and lipid accumulation 

in the myocardium. Clinical trials have, however, suggested 
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rhythmias tan be treated with the addition of propranolol 
or a change to quinidine, toe aim tie. or nrexitetinc 

Atrial fi bn Matron is among the most common atrial 

arrhythmias associated with IK'M, Digoxm in the armar- 
rtiylhmtc drug *»f choice not only for it^ negative chrono¬ 
tropic effect tine I tiding atrioventricular nodal impulse sup- 
prc&ion) but also for ns positive inotropic effects (see 

below). Should digoxin fall to control the heart rale, a 
CCB (e„g„. dLlliazcm) or a (1-adrenergic blocking drug 

(propranolol, atenolol) if indicated. Either type of drug also 
can be used to treat persistent sums tachycardia*. Although 
no study has documented increased efficacy of one class 
of drugs over another for dogs, ^-blockade apparently hm 
improved survival for human patients with cardiac failure 
The risk of sudden detrimental effects on myocardial func- 

lion and cardiovascular effects in patients should, however, 
lead to caution when 3-blockers are used for the patient 
with severe heart failure. Selected C€Bs can have a similar 
effect; dilhazem may he the leas* likely to detrimentally 
impact cardiac function in patients with severe disease 

(Sisson and Thomas. 1995), 

Digoxin is indicated as a positive inotrope in patients 

with DCM and clinical signs indicative of CHE. The posi¬ 
tive inotropic effects can be marked in some dogs with 
DCM (Kittieson et aU 1985; Ferguson et aL 1989). Nega¬ 
tive chronotropic cl;ects likewise will heneht most patients 
(Hamlin. 1992). Both pharmacologic effects acl lo reduce 

activation of the RAA system (Sisson Bind Thomas, 1995; 

Fergunm et ak, 1989). Studies in human patients with 

DCM have detailed the reduction of clinical munifesiations. 

improved capacity for exercise, and slowed progression of 

disease induced by digoxin therapy (Sisson and Thomas, 

19951, The use of PDE inhibitors in dogs with DCM has 

not been established. Both milrinone and amrinone are 

used shun form by human patients wilh heart failure. The 
vasodilating properties of these positive inotropic drugs arc 
beneficial. Iji dogs with DCM. the positive inotropic effects 
of milrinone improve hemodynamic function and clinical 
signs i Kitlkson, 1985), Long-term u>e with milrinone has 
been limited by evidence of increased mortality in human 
patients (Sisson and Thomas, 1995). The absence of coro¬ 
nary arterial disease in dogs may. however, minimize the 
risk associated with the use of milrinone for long-term 
treatmenl of DCM, Despite sis potential benefits, milrinone 
is not generally used lo treat DCM Several new PDE 

inhibitors (pimobendan„ vc&narinonc) arc being studied. 

Because of their effects on myocardial oxygen demand, the 
use of 0-adrenergic drugs as positive inotropes should 

be limited to life-threatening severe myocardial failure. 
Expense and down-regulation of p receptors limit the use 
of these drugs to acute management- Dobutainine is the 

preferred drug; vasodilators should be used simultaneously. 

ACE inhibitors are indicated foe dogs with DCM and 
clinical signs of cardiac failure. In a clinical trial of 110 

dogs in 15 locations throughout the United States, when 
enalapril was used in combination with other drugs indi¬ 
cated For treatment of DCM. (he mean number of days 
until treatment failure increased from 56.6 (placebo) to 145 

(enalapril) (Eninger et al. 1998 k Less clear is the indica¬ 
tion in tin* absence of clinical signs. Both increased 
a Her load and preload (sodium and water retention) may be 
contributing to the progression of disease without causing 


* SO 

overt clinical signs of decompensation. The presence of m 

ACE inhibitor may reduce the necessary dose of other 

drugs used m ooturol clinical signu (e g,, furosemide). 

Diuretics are indicated for patients with signs of congev 
lion For severe pulmonary edema, therapy should lie ag¬ 
gressive (IV t high doses i, Oral therapy is indicated for 
control and long-term management, Dogs should be closely 
monitored for the advent of dehydration, excessive preload 
reduction, and subsequent decreases in cardiac output Azo 
temia may develop. Although not common hypokalemia 

may occur, in patients that are refractory (e.g t% pleural 
effusion or ascites) to fumvemide (particularly right -sided 
heart failure in which oral absorption may be reduced), 
parenteral rather than oral therapy may improve response. 
Alternatively, butemide is more orally (unavailable in peo¬ 
ple and may likewise be better absorbed in dogs (Sisson 
and Thomas, 1995) Alternative management* include the 
addition of a thiazide diuretic to furosemide therapy, a 
veoodilaloc, or an ACE inhibitor, 

rhe role of p-biocLers for ireaiment of heart failure is 
currently being investigated (see discussion undei anti- 
arrh y ihmics) as a means of decreasing the progression of 

myocardial disease. Metoprolol arid carvedilol are the most 

promising (Cleland. 1999). 

Feline Dilated Card tooiyopaib v 

The recognition that DCM in cats was largely reversible 

with Ihe administration of taurine has all hut eliminated 
DCM in tats (Sivson, 1991: Finn et al,* 1992). Most com¬ 
mercial feline diets now contain sufficient taurine to pre¬ 
vent the syndrome. A history of unconventional fowls or 
homemade diet' will help to easily identify I he occasional 
cat wi(b cardiac disease associated with taurine defic icncy. 
The clinical presentation of IX'M in cats is similar to that 
in dogs, although pleural effusions arc more common. 
Systemic thromboembolism is another potential complica¬ 
tion. Plasma taurine concentrations aw often but not always 

low {<30 nM/roL). Systemic tfiromboembobsrn apparently 
can increase, and fasting can decrease, plasma taurine con¬ 
centrations. taurine supplementation largely reverses the 
clinical signs and ECG abnormalities associated with tau¬ 
rine deficiency. Most animals respond lo taurine supple¬ 
mentation (250 to 300 mg/d a y PO| within 3 to 6 weeks of 
therapy. Mortality is highest, however, during the initial 2 

to 3 weeks of therapy. Echocardiography is the preferred 

method for monitor!ng response to therapy because re¬ 
sponse limes can markedly vary Adjuvant therapy may be 
necessary until clinical response, 

Diuretics (furosemide) can be used to manage pulmo¬ 
nary edema and pleural effusions; differences in dosing 
regimens foi cals compared with dogs should be observed. 

Cats may appeal to be dehydrated (based or skin turgor), 
but this is more likely to represent redistribution of fluids 
ttj the pleural envitv or lungs. Fluid may he necessary in 
the presence of azotemia associated with low-output failure 

and hypotension hit should be adm mistered only cau¬ 
tiously and slowly Digoxin f0.0035 to 0.0055 mg PO 
every 12 to 24 hours) may be indicated until the respon.se to 
taurine is evident. Emergency management of myocardial 
failure may require administration of dobuiamine (2 to 5 
pg/kg per minute); common side effects of dobuiaminc 


Hidden page 



Hidden page 



5Hfi * N Systems Appmach 


with retinal detachment have a higher pressure than cals 
wilhuut detachment (Henik, 1W7). Retinal arteries may 

be tortuous. 

Systolic and diastolic pressures ate, respectively die 
upper .and lower limits of the oscillations around mean 
arterial pressure The mean arterial pressure is the arterial 
pressure over time and is defined as the diastolic pressure 
plus one third of the pulse pressure Arterial blood pressure 

is the product of cardiac output (determined by stroke 

volume and heart rale) and total peripheral resistance. Total 
peripheral resistance is the sum of resistance in all vascular 
beds. 1 1 is also impacted by aortic impedance (resistance 
to flow) and diastolic arterial pressure, which in turn ts 
determined by die sympathetic nervous system* the KAA 
and AVP sysitemv, vascular (tnrwt 11 u lar flu id l volume 

and aldosterone or other volume active hormones (Henik. 

1997 ). 

Proper measurement of blood pressure is paramount to 

successful management of systemic hypertension. Measure- 

merits should be taken after an animal has had proper time 

lo acclimate to its surroundings but under conditions of 

minimal sircss {Henik. 1997). Among the indirect methods 
used to measure systemic hlood pressure in cats, the Dop- 
pier and photoplethysmographie methods are probably pre¬ 
ferred (Sisson and Thomas, 1995k Care must be taken to 
follow proper techniques with the appropriate equipment 

when blood pressure is indirectly measured (Henik. 1997). 
Several readings should he taken over several days unless 

contraindicated by clinical signs of hypertension. With, indi¬ 
rect methods, normal blood pressure (mm Hg ■ in the unse¬ 
dated cat is HE (Doppler leg method) to 123/81.2 (mean 
arterial pressure 96.8) lHenik, 1997) and in dogs is 133/76 
{Dinamap on 'the tad). Antihypertensive therapy is indi¬ 
cated if the indirect systolic pressure or diastolic pressure 
is greater than 170 or 100 mm Hg, respectively (Henik, 

1997), 

Returning systolic pressure to normal ft e M J20 mm Hg) 
is an unrealistic goal; targeting less than 170 mm Hg in 
cats is more reasonable (Henik, 1997). Response to therapy 
should be based cm appetite and body weight, ophthalmic 

examinations, and monitoring of hlood pressure. Manage¬ 
ment of hypertension associated with renal disease should 
include medical management of that disorder. Additional 
management includes dietary manipulation (low sodiumk 
diuretics, propranolol, and arterial vasodilators including 
O'receptor antagonists. CCBs (amlodipine), hydralazine, 

and ACE inhibitors (Sisson and Thomas, :995k Dietary 

changes probably should be withheld until drug therapy it* 

stabilized* 

Amlodipine is probably the preferred medication for 
treatment of systemic feline hypertension, followed by a 
combination of amlodipine with either on ACE inhibitor or 
a ft blocker in refractory cases. Hydralazine should be 
reserved for cases that continue to fail to respond* in part 
because of the potential tesr activation of the RAA ( Henik 
1997), Tor cats with severe ocular manifestations or neuro¬ 
logic signs, therapy needs to be mure aggressive. Sodium 
mtruprussiik can be given as a constant rate infusion, but 
the risk of adverse rc^tions to this arterial and venous 
dilator requires administration via an infusion pump with 
constant monitoring. Alternatively, hydralazine coupled 

with fimncrnidc can he administered, with the addition of 


a ft* blocker (propranolol or atenolol) if response is not 
sufficient within 12 hours (Henik* 1997). Use of cnalapril 
and amlodipine has been studied in dogs with expeiimen- 
tally induced myocardial infarction Although both drugs 
preserved left ventricular volume and function during the 
healing process, enalapril more effectively H mi led hypertro¬ 
phy (Jugduti. 1997) The cole of carvetblol in the manage¬ 
ment of feline hypertension has not yet been well described. 

Long-term management should be based on repetitive 
monitoring of blood pressure (weekly until the animal is 
stable at a sufficiently tow pressure) and body weight as 
well as the underlying disease causing hypertension. If 
renal disease is the underlying cause, monitoring also 
should include m ocular examination and scrum potassium 
concentrations. Once control is acceptable, monitoring 
should take place at 3-month intervals. Multiple drug com- 
binations are more Likely to be associated with adverse 
effects (including sleeping, ataxia, and anorexia). 


Cardiac Arrhythmias 

Supra ventricular Arrhythmias 
Supraventricular Pmmmrnrt Ctmtrvcttons 

Ectopic fix i that gene rale premature coo traction s in the 

region of the sinoatrial node, atria, atrioventricular nock, 
or junctional tissue generally are not serious enough to 
cause clinical signs and. as such, require no medical thcr - 
apy. If clinical signs arc evident, therapy should be- directed 
toward the underlying disease If therapy is deemed neces¬ 
sary, drugs are selected for their ability to slow atrioventric¬ 
ular nodal conjunction (digitalis glycosides, ft-bipeketx or 
CCBsk Drugs assoc lined with negative inotropic effects 
should be used cautiously if myocardial failure is associ¬ 
ated w iih the supraventricular premature contraction. 


Supr&vmtiicutar Tachycardias 


Supraventricular tachycardia include* sinus, atrial, or 

junctional tachycardia, atrial flutter, and atrial fibrillation. 
The most likely underlying cause is atrial enlargement due 
to dilation. Sinus tachycardia is die- most common ft pe of 

supraventricular tachycardia in dogs and is generated by 
increased sympathetic tone. Treatment includes digitalis 
glycosides, ft-blockers, or CfBs, The most appropriate 

■drug should be based on the underlying -cause of the tachy¬ 
cardia, Atrial tachycardia may reflect an autonomic dys¬ 
function (generally not amenable to treatment) or. less 
commonly, a re-entrant circuit. For re-entrant causes. Class 

IA aniiairbythmics (especially quinidinek digitalis, oc a (3 
blocker, is indicated. Atrioventricular nodal or junctional 
tachycardias can he similarly treated. 

Atrial fibrillation occurs in the presence of multiple re 
entering wavelets; its development is facilitated by a large 
atrium. The most efficacious anti arrhythmic drugs are those 
that increase the wavelength (distance traveled by the depo 
I art Zillion impulse during the refractory period k Treatment 
may be unnecessary if the ventricular rate is less than ISO 
bpm in asymptomatic dogs with no evidence of cardiac 
disease. Treatment of atrial fibrillation should focus on 
do wing (he ventricular response such that cardiac til I mg 


improves and myocardial oxygen demand decreases. In 
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j tired and ischemic tNsues (e.g., due 10 hypovolemic or 
cardiogenic shock! also lead to ihe release of vasoactive 

and procoagulant mediators. Vascular occlusive diseases 
such as saddle thrombi and pulmonary thromboembolism 
Cc.g.i dirditanaM*) also cause distributive stunk tMuir* 

I998 | r With sepsis as an csample, anitjally distiibutive 

shock might be 'warm.in that blood flow is increased in 

peripheral tissues, As .shock progresses and, vcikhis pooling 

continues, fluid is lost from the vascular space, venous 
return decreases, cardiac output decreases, and tissues be- 
come underperfused or “cool.” 

Pathophysiology 

Ideally, treatment of shtick should focus on early reversal 
based on Ihe underlying cause. As shock progresses, the 

underlying pathophysiology is rise same, and treatment is 

oriented toward prevention and reversal of inadequate tis¬ 
sue perfusion Some type of damage is likely to occur in 
any ii>Mie subjected to a period of hypotension {mean 

arterial blood pressure <50 mm Hg), These include cell 
ischemia, inadequate oxygen delivery, and the generation 
of proinflanunatory/procoagulant mediators (Muir. 1998). 

Snjudw of (VI lular Ischemia 

Tissues suffer damage form inadequate tissue oxygenation 

within 5 to 10 minutes, and the damage is irreversible -it 
15 in 20 minuter (Muir. 1998). Mitochondrial dysfunction 
accompanies ATP depletion, leading to anaerobic incubo 
I ism and lactic acid accumulation. Cell membrane 
I ATPa.se) pumps become disrupted, and intracellular de + 
struct! vc enzymes arc released. Accumulation of ini race! Lu- 
lar calcium leads to the activation of enzymes that disrupt 
cellular homeostasis. Intracellular sodium and chloride in¬ 
crease. and magnesium and potassium decrease. Adenosine 

triphosphate breakdown yields hypoxanthinc and genera¬ 
tion of xanthine oxidase (convened from xanthine dehydro- 
genase), which produces oxygen free radicals (Muir, 1998). 

With reperfusion, hyperemia occurs once blood flow is re¬ 
established il the period of impaired oxygenation or poor 
tissue perfusion is stowl. Ihe duration of hyperemia is 
determined hy the extent of mediator release (potassium, 
hydrogen. NO, adenosine, adrenomedullinj. On the other 
bund, if blood flow ls less than 20'S of normal for longer 

than 5 minutes, reperfuiion after perfusion failure leads to 
reoxygenation injury Injury reflects the production of self- 

destructive enrymes and metabolites and derangements in 

blood clotting tMuir, 1998). Together, the consequences or 

report us it m injury include uneven distribution of blood 

flow and focal ischemia (perhaps exacerbated by inappro¬ 
priate thrombosis), swelling of capillary endothelial cell* 

and subsequent plugging by leukocytes mi grating to the 
area, and increased m i cn» use u Lar viscosity and interstitial 

edema (Muir, 1998), 

Oxygen Free Radicals 

The generation of oxygen free radicals by mik^hondf-o. 
macrophages, and neutrophils sets the stage for reperfusion 

injury should blood flow be re-established following a 


sufficiently long period of poor perfusion, causing perhaps 

the most detrimental sequelae of shock * Muir. 19%) Xan¬ 
thine oxidase metabolizes molecular oxygen into radicals 

such as superoxide anion, hydrogen peroxide, and ihe hy¬ 
droxyl radical (see Chapter 16) rinzymes that normally 

scavenge oxygen free radicals tsuperoxide di&muiase, cata¬ 
lase, and gIulathione) are overwhelmed as tissues reperfu-se. 
Production of oxygen free radicals is exacerbated by medi¬ 
ators released in response to oxygen free radicals, including 

cytokines (including tumor necrosis* factor), interleukins 
(which also induce procoagulant activity), and prostaglan¬ 
dins I Muir, i998l. 

Rule of Nitric Oxide 

Nitric oxide can be either protective or detrimental in the 

pattern with sepsis and endotoxetttki Under basal physio¬ 
logic conditions, it serves as a free oxygen radical scaven* 

ger, limiting toxicity associated with superoxidc and other 
radicals. Inhibition of platelet aggregation and leukocyte 
adhesion limits ischemia-reperfusion injuries iPamilt, 

1998 k During shock, large amounts of iNOS are formed; 
as such, NO becomes a major contributor to ihe pathophys¬ 
iology of shock (Parratt, 1998; Muir, 1998). Peroxynitrous 
acid, generated from the reaction of NO with oxygen Irec 

radicals, destroys cellular macromolecules, causing mito¬ 
chondrial and cel! membrane dysfunction, product wo at 

prostaglandins, ..uni programmed cell death tapoptosis!. The 
coagulation cascade is activated, uliimutely leading to dN- 
seni i tia ted intravascular coagulation. Artcr i.o v c nou * 

shunting (possibly caused b\ iNOS) contributes to maldis¬ 
tribution of Mood flow, particularly in eniiptoxic and other 
septic shock and may be the cause of ^reversibility 
(Muir. 1998 k 

Thus, although the initial responses of the body to iNOS 
might lead to important compensatory responses, ultimately 
tlii responses may prove to bo detrimental. Yet, inhibition 
of NOS is undesirable because systemic vascular resistance 
is improved only m the cost of 'oss of blood flow to vital 
organs. Platelet aggregation increases, along with the risk 
of thrombus formation and disseminated intravascular co 

agulation (Muir, 1998). Analogues of i.-arginine, such as 
i-NAMB I A'-ns tro-L-aigiiti ne methyl ester) competitively 
inhibit NO production by either cNOS or iNOS from 
L-argininc. Treatment of human patients in septic shock 
with l-NAME, however, led to pulmonary hypertension 

and reduced cardiac output (Avomuur et ak. 1998). Drugs 
that selectively inhibit iNOS but not cNOS may be a more 
appropriate focus of investigation. 

Gastrointestinal Barrier 

The sequelae of ischemia and hypoxia in tin* gut have 
profound dinical implication* lor the patient undergoing 

shock Potent vasoconstrictors (endothclinsh cytokines, and 

other mediators act it. concert with leukocyte migration 
and epithelial necrosis to increase capillary permeability, 
transcapillary fluid filtration, and interstitial edema. Diar¬ 
rhea is a common clinical complication of resuscitation 
from shock and may indicate the los> of the protective 
mucosal barrier in the gastrointestinal tract. Bacterial traits - 
local ion and endoioxin absorption result in release of mas- 
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(unction. It iv beyond the scope of this chaplet Io discuss 
the causes or and recognition of the need for CPCR, Obvj 
ously prevention is the key u> success* and treatment of 
underlying diseases likely to cause cardiopulmonary arrest 
should be reviewed. The focus of this discussion is on 
drugs used in CPCR. Which drugs are proper and when 

their use is indicated in the patient are eoutroversiai Car- 
diat rather than respiratory arrest is discussed. The pharma- 
cologic effects* side effects* and other pert merit clinical 
pharmacologic daw for each of lte drugs has 'teen dis¬ 
cussed elsewhere; discussion here is limited to the use- of 
the drugs during or immediately after CPCR. 

"‘Crash f art " Drags 

Drugs that should be earned in a “crash cart” include 
epinephrine, atropine, magnesium chloride, naloxone, lido- 

caine. sodium bicarbonate* and bretybum tosylate (Wing¬ 
field, L9%h 

Epinephrine remains the mainstay of acute cardiac life 

support. It is intended to promote systemic vasoconstriction 
such that blood How U diverted to the coronary and cere - 
teal circulation, Jt is indicated for pulseless ventriculai 
tachycardia* ventriculai' fibrillation, electromechanical dis¬ 
sociation (pulseless electrical activity}, and ventricular 
asystole. The standard dose is 10 to 21) pg/Kg ft rng in 
humans) < -r 10 mL of a 1:1(1,000 solution repealed every 3 
to 5 minutes Hie optimal dose may be very high, ranging 
from 0.45 to 2 mg/kg. For humans* the American Heart 
Association has recommended a fivefold increase in the 
dose to 5 mg if there is no response to the initial 1 mg 

dose t Marini and Wheeler. 1997 1 , 

Atropine has little indication in CPCR with the except 
tion of bradycardia* pulseless electrical activity* and ven¬ 
tricular asystole. The dose for electromechanical dissocia¬ 
tion ami asystole is I mg IV. repeated every 3 to 5 minutes 
In people, complete vagal blockade occurs at 0.(14 mg/kg 

(3 mg): this dose should be avoided. Likewise, .i total dose 

(css than 0.5 mg can cause parasympathomimetic effects 

and also should he avoided (Marini and Wheeler. 1997) 
Isoproterenol is a pure, nonselective (^-agonist drug. As 
such* it. is a positive inotrope but cart also cause peripheral 

vasodilation. It will increase myocardial oxygen demand. 
Currently, its use is limited to hrodyarrhythmias that do not 
respond in atropine (Wingfield. 1996), 

Bicarbonate provides Little benefit and may in fact harm 
patients in metabolic acidosis. Acidosis associated with 
cardiac arrest is test treated with ventilatory and circulatory 

support. Potentially harmful effects of bicarbonate include 
arrhythmogenic alkalemia, increased generation of CCk 

hypcrcsmoianiy. hypokalemia* paradoxical C.NS and myo¬ 
cardial ini race 1 lute acidosis* and a leftward shift in the 
oxyhemoglobin dissociation curve, limiting delivery of U- 

to tissues [Marini and Wheeler, 1997k When used., bicar- 
teinaic therapy ideally should be guided by blood gas 
analysis (pH < 7,15 to 7,2) (Marini and Wheeler* 1997), 
Indications or situations in which bicarbonate may prove 
beneficial for humans requiring CPCR include hyperka 
lemift, tricyclic antidepressant overdose. prolonged cardiac 

arrest (protracted hypoperfusion-induced acidosis), and 
post resuscitation, bicarbonate responsive, and anaerobic 
lactic acidoses (Marini and Wheeler, 1997). Sodium bicar¬ 


bonate 11 roEq/kg IV) may be used aftci cpinephiine in 

patients suffering from a prolonged cardiac arrest who have 

shown improvement in cardiovascular or cerebral recovery. 

It should be followed by correction of the any deficit 
(monitored) which is greater than 5 m£q/kg. The bicarbon¬ 
ate-induced byperearbia lends to be irunsient and generally 
harmless io the heart if used in conjunction with epineph¬ 
rine (Wingfield, 1996.3. 

Calcium adttuifi station does not appear to enhance car¬ 
diac performance during CPCR Ischemia associated with 
cardiac arrest causes intracellular accumulation of calcium* 
which can disrupt membranes and uncouple oxidative 
phosphorylation Calcium can cause coronary vasospasm 
and will exacerbate the arrhythfrijc tendency of she unstable 
myocardium and impair relaxation (Marini and Wheeler. 

1997; Wingfield* 1996). It will also exacerbate digoxin 
toxicity. Calcium causes precipitation when combined with 
sodium bicarbonate. Calcium should fee avoided except in 
cases of prolonged cardiac arrest or absent or ineffective 
pump activity.. Calcium chloride (10% solution contains 
100 mg/mL) is associated with the longest and most pre¬ 
dict able increase in plasma ionized calcium (Wingfield, 

1996k In human patients, I § of calcium chloride (approxi¬ 
mately 15 mg/kg I is generally sufficient, although toxicity 
may occur at this dose, Other indications for calcium in¬ 
clude hyperkalemia* ionized hypocalcemia* und CCB over¬ 
dose (Marini and Wheeler, 1997), 

Crystalloids (including hypertonic resuscitation and bal¬ 
anced electrolyte solutions) art; indicated if the cause of 

Cardiac arrest is hypovolemia Inappropriate fluid load can* 
however* contribute to decreased cerebral blood flow ami 

decreased coronary hiotel flow (Wingfield, 1996), The pro¬ 
duction of lactic acid will te enhanced in critically ill 
hyperglycemic patients, which can lead to or contribute io 
cell injury Dextrose infusions are considered by the Ameri¬ 
can Heat! Association to te harmful to humans (Marini 

and Wheeler* 1997). As such, dextrose-containing fluids 
should be avoided. Isotonic saline or Ringer's lactate iv 
preferred m the resuscitation fluid. 

Several routes of drug administration can te used to 

support resuscitation. Central venous catheter placement is 
ideal for immediate drug delivery to the heart. A sufficient 

bolus of a compatible isotonic fluid should follow any 

drug administered through peripheral tubing, [renicardiac 

injections probably offer no increased benefit compared 
with central IV administration. Potential complications in¬ 
clude cardiac tamponade, coronary vessel laceration* and 
pneumothorax, Inirucardijic bolus may destabilize the elec 

tricol properties of the heart. 

Intratracheal (IT; endotracheal) administration is an ef¬ 
fective alternative route to central IV admini simtiofl fat 

selected drugs during CPCR (Wingfield. 1996), Drugs are, 
however, administered (to humans) in 10 to 20 rnL of 
liquid in order for the drug to reach the alveoli, where 
they will be subsequently absorbed. Doses of all drugs 

administered IT should te increased by 2- to 2.5-fold. The 
duration of action of die drugs may te Longer after IT than 
IV administration. Drugs shown to te effective after IT 
administration include epinephrine* lidocaine, atropine, and 
naloxone. There are several dregs that should mil te given 

after IT administration due to the risk of tissue damage. 

Examples include sodium bicarbonate (depletes surfactant). 

CoDvrkihted materia 
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NORMAL RESPIRATORY 



Airway Caliber Changes 


Nervous innervation to the smooth muscle of the respira¬ 
tory tract A complex, The parasympathetic system provides 
the pi imar) efferent innervation, with acetylcholine ox the 
primary neural ran.vmittcr (Moses, and Spaulding, 1985: 
Slonim and Hamilton, 1987). These fibers are responsible 
for the base]me tone of mild hconchncnnstriction that char¬ 
acterizes the normal respiratory tract. The sympathetic sys 
tern, which balanccs these effects by stimulating bnonchotli- 
lation through (3 ^-receptors (Scott et id., 1991; Gu&tin et al.* 

1989: Chand and Deroth, 19791 In cumrasl. a-adrenergic 
-itimubti. i) can contribute U> brenchcKunstrieiion (Moi>u 


and Spaulding, 1981: Slonim and Hamilton, 1987; Guttin 

et aj.„ 1989) A third. Largely understood nervous system, 
reterml to as the nonadrencrgic, ntmcholinorgic sysiem. or 
ptinncrgic s\ stem, also innervates bronchia) smooth muscle 

(Inqoc et al., 1989; Moses and Spaulding, 1985) This 
system mediates bnmehodiIation via vagal stimulation. The 
afferent libers of thh system arc probably irritant receptors, 
and, ajthough the neomtransmitter ha- not yet been conclu¬ 
sively identified, vasoactive intestmul peptide has been 
implicated in the cat (Altiere and Diamond, 1984; Alii ere¬ 
ct aL 1984). Malfunction of this system has been ami* 
ated with bronchial hyperreactivity, which often character¬ 
izes asthma Cinque et al., 1989), 

The intracellular mechanisms that transmit signals from 



the nervous system to smooth muscle depend, in part on 
changes in the intracellular concentration of cyclic adeno¬ 
sine monophosphate (cAMP) and cyclic guanosine mono¬ 
phosphate (cGMP) (Fig. 31-1). The effects of these two 

-secondary messengers are reciprocal such that the increased 
intracellular concentration of one is associated with a de¬ 
creased concentration of (he other Cyclic AMP - induced 
bronchodilatiofi is decreased by o adrenergic sti mul ation 
and increased by preceptor Simulation (Scott et at. 1991V 

In contrast, cGMP-induced brotichocon strict ion in¬ 
creased by stimulation of muscarinic (cholinergic) and, 
indirectly, hisiaminergic receptors (see Fig. 31—1). The 
relative sensitivity of brunchtal smooth muscle to hista¬ 
mine induced and acetylcholine-induced bronchoconstric- 
tion varies with the Location and species (Chand and De- 
roth. 1979; Derksen et aL f 1985; Downes et al., 19861. 

Peripheral airways in dogs are more susceptible than in 

cats to acetylcholine; cat airways, in general, are more 
sensitive to acetylcholine than histamine (Colebatch el al., 
1966). Smooth muscle receptors are also susceptible lo 
stimulation by a variety of chemical mediators (see Fig. 
31-1), which may also modulate cAMP and cGMP (Town- 
ley et al, 1989; Solcr et aU 1990; Gray et al.. 1989). 

Control of bronchial smooth muscle tone is very com¬ 
plex and depends on input from sensory receptors. At least 
fire types of sensory receptors have been identified in 

cat longs, all of which cun he classified as irritant (or 
mechanoreceptorL stretch, or J-receptors (Inque et ah. 
1989). AU appear to be innervated by the parasympathetic 
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Figure SI-1. I .iviors deftrrmimpg bnAdiial uimhaIi rnuM.lt: tone Reviptucftl ^hjngev m l viIk' udeftuiunc inuw spin n.ph,i*L' k AMPl ,i«J cyclic jtijjiiumhc 
inure iphmpfvrit fcGMP) determine muscle lone, Contras turn occurs when cAMP Icvch arc tkxrcjccP by events such jo n-adrenerg ic «l unultfiim or 

whew cGMP levdt incrcttvf Ml respniiM- In mutvon rue receptor (M3) stimulation fry scrtylchtlinc nr H,-receptor slimulilmn by histamine. Calcium 

(Ci ; ') and -M'Wfiil mediators can also induce hroochowivstri rtion. Increased c,A\1P Icicls induced by pj adrenergic or hi^tarmne (Hj receptor Mimuliitinn 
cuudieruct muscle L-LHtlrjciicU). ItihibiijtHi ai phmfhndicMctssc cPDLi ulso causes increase cAMP. Although ihc tllcriv u( mam inAairuiLitoty mnlmints 
.uc hc*t ctuinlcT.iL led fry preveming their release I tee Ry. SIKH, seven! druc^ may he used lo aMiigoni/e smooth muscle conmclkm n^mlbs of the 
etiology. LTC. LTD - leukntnenex C and t); PAF = plaielei-iiciivahn^ ins tor; Kill f’tiPj = pmstag Iambus, D* and h ; , TXA- *- tfrmmhosanci 


system, Irritant receptors, located beneath live respiratory 
epithelium, occur in the upper airways (Slonim and Hamil¬ 
ton, I9K7) and. in cats, as tar peripherally as the alveoli 
(Moses and Spaulding* 1985). Physical* mechanical* or 
chemical stimulation of these receptors results in tachy¬ 
pnea, hroncbocoflistrictfrin, and cough Airflow velocity ap¬ 
pears to be the most critical factor determining stimulation 
of irritant receptors in the upper airways (Moses and 
Spaulding, 1985), Airway constriction sufficient to cause 
airflow velocity to exceed a specific threshold results in a 

vagally mediated cough reflex and bmnchocon strict ion. 
Airways can also be occluded by mucus and edema r>r by 
chemical mediators released during upper airway infections 
(Inquc el aJ. 1989), 

Respiratory Defense Mechanisms 

In addition to the cough and sneeze reflexes, two other 
systems provide the major defense of the respiratory tract 
against invading organisms or foreign materials: the muco¬ 
ciliary apparatus and the respiratory mononuclear phago¬ 
cyte system (Slonim and Hamilton. 1987) The mucociliary 
apparatus (Fig, 31-2) is the first major defense and consists 
of the ciliary lining of the tratheobronchial tree and the 
fluid blanket surrounding the cilia. Xenons innervation to 
the cilia has not yet been identified. Although ciliary activ¬ 
ity increases with ft-adrenergic stimulation, this may sim¬ 


ply reflect the sequelae of 0-adrenergic stimulation on 
respiratory secretions (Blair and Woods* 19f»9k Two types 

of secretions form I he fluid blanket of the respiratory tract. 
The cilia must be surrounded by a low-viscosity, watery 
medium to maintain their rhythmic beat, A more mucoid 

layer lies on top of the cilia and serves to trap foreign 
materials inspired with air, The synchronous motion of the 
cilia causes the cepfiaiad movement of the mucous layer 
and any trapped materials. 

Changes in the viscoelastic properties of mucus such 
Trapped materials->■ Transported 

aborally 


F*gura 31 -Z. (Ik nKKiilQ apparatus rcpresenls I he firs* line til dctLfi-rf 
fLV p*thit£cns entering the rtrcfiirati,*) irmrt Cili* 41* hynhed in a umit or 
sol layer When ihc cilia heat in rm-hnieiy Ihc movements send finssatit 

hrf*lly) the mucoid or gel Uvcr ilui lies mi wp irf ihc cillai. Muur- 

rtalt trapped in itiis layer alvu n<^u- fimvanJ in hr either milkiM ed or 

expectorated. 
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mediated b> H receptor* and would he inhibited by H : - the eat (Barnes ei aJ„ 19W8j Leukotritrtc B 4 , produced by 
receptor antagonists (Chand, 19KI)» macrophages. is the most potent e he mo tact ant of the Llx, 



Platelet-Activating Factor 


Serotonin (5-hydroxy Try piamine |5-KT]) is released during 
mast tell dcgranulation i Barnes et aL, I ysH)-. Although 
serotonin does nut appear to be an important mediator of 

human or canine bronchial asthma. both ihe central arJ 
peripheral airways in cuts arc very sensitive to its bruncho- 
eon.virietive effects after aerosolizaiioin or ratraxenous ad¬ 
mit) istratum (Colcbatch et aL I96hl, Constriction may 
reflect interaction with serotonin receptors or enhanced 

release of acetylcholine. Serotonin may also cause pro¬ 
found vasoconstiiciion of the pulmonary vasculature and 
m ictu vascular Leakage lBarnes el al „ 1988). 


Prostaglandins and Leukotnens 

Prostaglandins (PCb) and leukotrienca iLTsi are cicusa- 
noids that are formed when phospholipase A : is activated 

in the cell membrane in response iti a variety of stimuli 

3i -31, Arachnkmic acid (AA) is subsequently 
released from phospholipids and enters the cell. In the cell 
it is converted by cydumygenuses to inflammatory, but 

unstable cyclic emlopcr oxides. The actions of various syn- 
thetascs and isomcrases on the endoperoxides result in the 
final PG products, including PCEj. ROF. u , PGD :i prosta¬ 
cyclin or tPGLb and thromboxane (TXAJ. The amount of 
each PG produced in the lung varies with the cell type and 
species. The effects of Ihe various PCs tend to balance one 
another, PGD>, PGF ; „ and TXA? cause broflehoconslric- 
tion. whereas PGEi and to a lesser extent PGI, cause 

bronchodilulion (Biimcs el a)., 1988: Moses and Spaulding. 

19X5), Bronehoeonstriciion induced by FGD h about 30 
times as potent as that induced by histamine. 

Imbalances between PGs may be important in Ihe patho¬ 
genesis of bronchial disease Both PGIii and I XA : have 
been implicated iti immediate bronchial airway hyperreuc 
tivity (Barnes et al.. J98Xi. Thromboxane A 7 appears to he 

the predominant A A metabolite produced by cal Jungs 

<McNamara et a!-. 1989c although other PG mediators are 
also important (McNamara et al,, 1989). 

Lipoxygenases in the lung catalyze the conversion of 

A A In hydnuperoxyekosatetracnuic acid (HPETBs). which 
are further metabolized to several hydroxy acids (HETEsJ 
and l.ls (see Tiy 31-3). All of these products are biologi¬ 
cally active in the respiratory tract (sec Table 31 -l) (Barnes 

et al., I9KHL and some are the most potent inflammagcjis 
known. Antigenic challenge results in the selective uciiva* 
9cm of 5-lipoxygenase, the enzyme that ultimately results 

m the formation of LTC ; and LTD, These Li’s are the 

components of slow reactive «ub&tnnce. an important medi¬ 
ator releasee! in the lungs during anaphylaxis (Barnes et 
al., 19 8ft n Eosinophils also preferentially activate 5-1 ipoxy- 

genus* i Barnes el ah. 1988). Bronchial smooth muscle 

contraction and. micro vascular permeability mediated by 
LTCj and LTD 4 is 100 to I (100-fold more potent than that 
induced by histamine. Both I Ts arc potent stimulators of 
mucous release in the dog but appear tn be potent in 


Platelet activating factor (PAFi is also formed after activa¬ 
tion of phospholipase A : in all membranes. It is potent, 
dose independent constrictor of human airways, and it is 
the most potent agent thus far discovered in causing airway 
micro vascular leakage (Barnes, 1%8. 1989), RAF is also a 
potent cheroot act ant for platelets and eosinophils, both of 

which are a rich source of PAF The effect* of RAF may 
be mediated through LTs. PAF has been implicated as the 
cause of the sustained bronchial hypcrrcsponxivencss that 
characterizes asthmatics (Bamcs, I9R9). The role of PAR 
in feline and canine respiratory diseases has not been 
addressed Eosinophils are. however, a major cell type 
associated with feline bronchial disease and some canine 
diseases (Moise et al., 1989), and ii is likely that PAR is 
an important inflammatory mediator. 


DRUGS USED TO MODULATE THE 



The syndrome of chronic bronchial disease is best treated 
by breaking ihe inflammatory cycle while immediately 

re 1 > e v i ng bronc hoconst fiction. Thus, anti - in flam matory 

drags arid btonchodi latorx represent ihe cornerstone of ther¬ 
apy for many bronchial diseases. Other categories of drugs 

that are effective for the management of respiratory dis¬ 
eases, particularly in small animals, include amitusstves, 
respiratory stimulants, and decongestants. 



Because of a shared mechanism of action, most drugs thill 
induce bnmchodiLatioii also reduce inflammation. Bron- 
chodikuora reverse airway smooth muscle contraction by 

increasing cAMP, decreasing cGMP, or decreasing calcium 
ion concentration (see Fig. !l-l>. Jn addition, these drugs 

also decrease mucosal edema and are anli-inHammatory 

because they tend to prevent mediator rdea.se from in¬ 
flammatory celts (see Fig, 31—3). Rapidly acting broncliodi- 
\mm include (T receptor agonists, methyl xanthines, and 
cholinergic antagonists. 


fbReceptor mists 

^-Receptor agonists are the racist effective brunchodilalors 
because they act as functional antagonists of airway con¬ 
striction, regardless of the stimulus (Barnes. I98H: Daemen 
et al., 1988; Papich, 1986a; Reed and Kelly, I990|. Large 
numbers of p^receptors are located on several ceil types 
in the lung, including smooth muscle and inflamrtialofy 
cells tScott et al, 1991). Hie interaction between a 3- 
agonist and receptor causes a conformational change in the 
receptor and subsequent activation of adenyl cyclase on 



Hidden page 



Hidden page 



Hidden page 



Hidden page 



I Mi i 1 - Aflctlinp the Rctipi i •; v SjMcIEl * 61 ] 


to inerts hepatic enzymes (and thus is safer) among 
different species and can be administered less frequently 
I every H to 12 hours compared with every 6 to K hours for 

zileuiom, Although anecdotal reports <if efficacy and safety 

c \:m fur dogs and cats, no written report appears available. 
The foie ff LTs in feline asthma sv now being elucidated; 
the drills appear to be effective for dogs Zahrlukast may 

inhibit scime hepatic drug metabolizing enzymes. 


Nonsteroidal A mi-Infla mmat ory Drop 

The mlc of nonsteroidal anti-inflammatory drugs (NSAIDs) 

in Ihe treatment of respiratory inflammatory diseases needs 
to he defined tPamlt and Sturgess, 1974; Wasserman, 
1988), Both LTs and PCs are important in the pathophysiol¬ 
ogy of inflammatory diseases. Although NSAIDs effee 

iLveh block PCs through inhibition of cyclooxygenase, 
they do not appear to have any effect on lipoxygenase and 

therefore production of 1 Ts. They have no effect on other 
chemical mediators of inflammation. Additionally, NSAll>& 
nonsdeeliveIy block all PGs. including those that provide 

some protection during period* of bro nc herons trie t ion 
(Walker et al., 1982). Some studies have xhown that LT 
production increases in response to NSA1D therapy, per* 
haps by providing more A A for lipoxygenase metabolism. 

Currently, the use of NSAIDs for the treatment of respi¬ 
ratory diseases in small animals i* limited to aspirin therapy 
as tieminent for thromboembolism associated with heart' 

worm disease (Keith. 1983 Rawlings el al.. 1983). Aspirin 
is the preferred NS AID because at low doses it irreversibly 
inhibits TXA* an important contributor to pulmonary a/te 
rial vasoconstriction that accompanies thromboembolism. 
Current efforts m NS A ID research are oriented toward 
identify ing drugs that successfully inhibit both arms of the 

A A metabolic cascade or specific PG or LT inhibitors. 
The use nf selective IN A- inhibitors for selected feline 

respiratory diseases is an example (McNamara et al., 1939}. 


AntibistamiiKs 

Anti hi Siam inergic drugs have not proved clinically useful 
in the control of small animal or human respiratory diseases 
(EiMfr et al., 1981: Muisc and Spaulding, I98J; Zenuhle. 
19KG ■, Several observations support the j r Lack of efficacy. 
Although not proven, the number of histamine receplors 
located in the airway s and the proportion of H, to H : 
receptors may not be sufficient to induce a response similar 
to that in disease. Antihistaminergic drugs act to block 

target receptor'- from responding to histamine; however, 
the drugs do nothing to prevent release of histamine or 
other mediators from any inflammatory cell. The newer 
antihistamines (H,). loraiadine and ectirmne. are excep¬ 
tions. drugs that also decrease histamine release from ha_so 
phils (Chyrek’Borowska et al., 1995), Although well toler 
□ted. these drags apparently have not been studied for 
efficacy or safe!) in animals. This may in fact he the major 

reason for lack of clinical efficacy of amihistaminergk 

drugs; mediators other than histamine re leased during mast 

cell degranulation and by other inflammatory cells are often 
much more potent than hisutmine (Kniuer and Kr.met 
1977). Finally blockade of histamine receptors is competi¬ 
tive and can he overwhelmed by high concentrations of 
histamine. The use of H hlockers may be detrimental in 


animals with chronic disease because of their effects on 
airway secretions (Barnes et al.. 1988). The role of H. 
receptors in bronduxblatino, mucous secretion, and in¬ 
flammation suggests that H^receptor blockers should also 
be used with caution (Barnes et al., 1988: Chattel. 1931). An 
exception tn antihistamine use for treatment of respiratory 
inialmmatory disease might be made for the use of cypro- 

hepiidine. an an t iscrot inergic. ami hi stam incrgic drug. Be* 
cause feline airways are exquisitely sensitive to the cot 

stricter effects of serotonin, this drug may prove 
particularly useful in cats either alone or is an adjunct to 

bronchodiIaiors or glucocorticoids (Padml et al, !W), 



The goal of anli tussive therapy ix to decrease the frequency 

and severity of cough without impairing mucociliary de¬ 
fenses, Whenever possible: the underly ing cause should be 
identified and treated. Cough supfrccMiits should be used 
cautiously and are contraindicated if the cough is produc 
live (Slonim and Hamilton, 1987) Irritant and perhaps 
chemoreceploni and stretch rcecpiors. inmate the cough 
reflex (McKieman, 1983: Slonim and Hamilton, 19H7i. 
BronchoconstricUon i\ probably the most frequent and im¬ 
portant cough stimulus. The cough reflex can be blocked 
peripherally, either by facilitating removal of the irritant 
w iih mycolyiics or expectorants or by blocking peripheral 
receptors to induce hronchodilation. or it can he blocked 

centrally at the cough center in the medulla iFig. A1—4) 

(Roudcbush, 1982: Slonim and Hamilton. 1987). 

Centrally active amitussives are classified as narcotic 

and non-narcotic drugs i Rtwdebush, 1983: Irwin et al., 
1993 ). 



Narcotic aMitussives depress the cough center sensitivity 

to afferent stimuli They con, however be associated with 
strong sedative properties, as well as constipation when 
administered chronically. Morphine, codeine and hydroctv- 

dune arc the narcotics mow commonly used to control 

coughing. As Class IT drags, cadi is subject to the Con¬ 
trolled Substances Act of 1970 and can be used for cough 
suppression in both dogs and cats. 

Codeine 

Codeine is the prototype narcotic ami tussive and i_s one of 

the most effective drags available to suppress ihc cough 
reflex. Codeine phosphate and codeine sulfate can be used 
either alone or in combination wnh either peripheral cough 
suppressants or decongestants. Over-the-counter prepara¬ 
tions are available foi human use. Compared with mor¬ 
phine. codeine is equally effective os a cough suppressant 
but is less suppressing to other central centers and causes 

less constipation. Side effects of codeine include nausea 
and constipation. Codeine is also addressed in Chapter 22, 

Hydrocodone 

Hydrocodone is a more potent ami tussive than codeine but 

causes less respiratory depression. It is probably the most 
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commonly used ant hussive for dogs. Hydrocodonc bi tar¬ 
trate is a hydrolysis product of dthydrothchainc. 

Buforphunl 

Butarphaitol tartrate is probably more commonly used as 
an analgesic. Rccbssihcd as a Schedule IV drug. it is now 
subject to the narcotics act. It is approved for use as an 
an Lit Ltssi ve fur dogs. As an ami tussive, h is 100 Limes more 
potent ihan codeine and 4 times more poteni than morphine 
{Gmgerich el al . 1983), in dogs, after subcutaneous udmm- 
i viral ion. hutorphimol concentrations peak al I hour Mean 
hall-life iv I 7 hours, with a duration of activity of 4 hours 
or more. Rulurplunol is characterized by a wide safety 

margin. The LD*> in dogs after intramuscular fldmirmtni 
Lion is 20 mg/Tg (Christie el al.. 19K0j. Therapeutic conecn- 
trillions cause minimal cardiac or respiratory depression. 
Side effects in elude sedation, which can be significant and 
desirable, nausea, some diarrhea, and appclitc suppression 
The narcotic agonist/aptagonist bulorphanol tartrate is a 
poteni anti tussive when given orally or parenterally in dogs 
and cats (Hosgoud, 1990), 

Non-narcotic Antitussives 

Non-narcotic antitussives commonly used m veterinary in¬ 
clude the narcotic agonist/amagomst buiorphanol and dex- 

trumethurphan, 

I Jtxlrumelh orphan 

I >extmmethorphan hydrobromide is a semisynthetic deriva- 

u.ve l 1 1 opium lhal lacks its. narcotic properties, Sedation is 


unusual after its use. Only the L-i&omcr has anlitussivc 
activity, which is similar to codeine in potency. I is onset 
of action is rapid, being fully effective within 30 minutes 
after oral administration. Dextromethorphan is a non-nar¬ 
cotic opiod commonly found in over-the-counter cough 
preparations ft is used for small animals with minimal 
sedation* and its anti tussive efficacy iv equal io thai of 
codeine. It can be used safely in cats. Studies in humans 
have show rt that the combination of dextromethorphan with 
a bronchodiIator is superior to dextromethorphan alone 

(Tukianmcn et >L 1986), 


Nosctpine 

Noscapinc is a nonaddictive opium alkaloid (benzylisoqui- 
nolonc) that has anlitussivc effects similar to codeine 
{Bruin, 1983). It use lor small animals appears to be lim¬ 
ited. 


Peripheral Bronchodi u tors 

Rronchodibtors l previously discussed) are powerful pe¬ 
ripheral amifttssives because they relieve irritant receptor 
stimulation induced by mechanical deformation of the Non- 

dual wall during branchocons trie Lion. Ephcdrinc peripher¬ 
ally induces hronchodilation and as both a bronchodilaior 

and decongestant is a common constituent of over-the- 
counter cough preparaiiom, Theophylline and isoproterenol 
are also common ingredients found in some preparations. 
Other peripheral antitussives include mucokinetic agents 
and hydrating agents iRoudebusb, 1982), 
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MU COKINETICS 

Mucokmetic drugs facilitate the removal of secretions from 
the respiratory tree. They art indicated for condi Hunt, asso¬ 
ciated with viscous to inspissated pulmonary secretions, 
such as are commonly associated with chronic bronchial 
diseases. Mucokmesis can be induced by drugs that im¬ 
prove ciliary activity (c.g.. [i-reccptur agonists and methyl- 
xanthines or by drugs that improve the mobility of bron¬ 
chial secretions by changing viscosity. Viscosity of 

bronchial secretions can be decreased b> hydration <e.g,» 

sterile or bacteriostatic water or saline), increasing pH ic g.. 

sodium bicarbonate), increasing ionic strength (sodium bi¬ 
carbonate and saline), or by rupture of sulfur (S S) linkages 

in the mucus leg., acetylcysteine or iodine). Hydrating 

agents can be administered paremerally fi,e., isotonic crys¬ 
talloids) or by aerosol i/auon Home aerosolization can be 
easily achieved with a humidifier or steamed bathroom or 
with -i commercially available aerosolizes The efficacy of 
aerosol jzatioc in liquefying airway secretions is controver¬ 
sial ( Wanner and Rao, 1980), with die greatest bene lit 
occurring in the upper airways. Bland aerosols such as 
water and saline can actually be detrimental 10 mucociLuiry 
function (Wanner and Rao, 1980k The efficacy of ionic 
solutions of alkaline solutions compared with water on 

enhanced mucous mobility is controversial (Wanner and 
Rao, 1980). 


Pharmacologic Effects 

Acetylcysteine (jV-acetyl-L-cystdn) is the mucolytic drag 
most widely used by humans (Wanner and Rao. 1980; 
Zimeni, 1988), Although it appears to be efficacious after 

aerosol 17a mm oral administration has become the pre¬ 
ferred route (Zimeni, 1988), In Europe, ihe drug is avail¬ 
able in solid and powder dosing forms. V nfortunately, 

only the solution, which is unpalatable and malodorous, is. 
approved for use mi the United States, The powder is 
available as a chemical reagent from several chemical 
companies and purchase with application to food m as a 
capsule might he considered. 

Regardless of the route of administration* the mecha¬ 
nism of acetylcysteine reflects destruction of mucoprotein 
of the disulfide bunds by a free sulfhydryJ group. Smaller 
molecules are less viscid and not able to efficiently bind to 
inflammatory debus-, in addition, A-aceiyIcysteine serves 
as a precursor to glutathione, .a major scavenger of free 
oxygen radicals associated with Inflammation, The drug 
also appears to induce respiratory tract secretions, probably 

via a £ astro pulmonary reflex. At higher oral doses, acetyl¬ 
cysteine will aUu induce wmiting (ZimenL 1986). Acetyl¬ 
cysteine is often used in combination with aerosolized 
antimicrobials because it may improve anti bacterial pent* 
(ration of infected mucus (ZimenL 1988). Acetylcysteine 

improved gas exchange in a study of dogs with experimen¬ 
tally induced methacholmc bronchoconstriction (Ueno et 
al./1989). 


Disposition of N Acetyhi Cysteine 

In humans, acetylcysteine is rapidly absorbed from the 
gastrointestinal tract and extensively distributed to the liver. 


kidneys, and lungs, where it may accumulate. It is rapidly 
metabolized by the liver to the natural amino acids cysteine 
and cystine (ZimenL 1986, 1988). The indications for oral 
acetylcysteine therapy for people include toxic inhalants 
(including tobacco smoke), bronchitis* chronic obstruct ve 
pulmonary disease, cystic fibrosis, asthma, tuberculosis, 
pneumonia and emphysema! and the adult respiratory dis¬ 
tress syndrome. Installation of a 10% to 2<K solution has 
also been used to clean and treat chronic sinusitis (ZimenL 
19S8 |h Similar uses are indicated in veterinary patients. 
Physiotherapy will enhance the efficacy of acetylcysteine. 
The drug is usually dosed m 125 to 500 mg (about 5 to 10 

mg/Lg) m human patients. I have used thti dose success¬ 
fully, but have used higher doses 1 144 mg/kg IV followed 
by TO mg/kg 12 hours later) in life*threatening conditions. 
A twice to three times daily frequency is recommended. I 
have used the drag to treat pneumonia, chronic bronchial 
diseases, chronic sinusitis, electrical cord bites, and other 

respiratory syndromes associated with inflammation. 



Acetylcysteine therapy j$ associated with few adverse af¬ 
fects. In humans, doses as high as 500 mg/kg art well 

tolerated I Ziment, 1986), although vomiting and anorexia 
can occur. The median 1 D> in dogs after oral use is I g/kg 
and porentetally, 700 mg/kg. Because it is metabolized to 
sulfur-containing products, it should be used cautiously for 
animals suffering from liver disease characterized by he¬ 
patic encephalopathy Aerosol ization of /V-ocetylcysteine 
can cause reflex bronchocon&trictioa due to irritant receptor 
stimulation and should be preceded with bronchodilatnrv 


KFECT0RAJWS 


Expectorants such as potassium iodide are common ingre¬ 
dients in ovcr-ihe-courter cough preparations. Expectorants 

increase the fluidity of respiratory secretions through sev¬ 
eral mechanisms and are often used as adjuvants tor die 
management of cough by facilitating removal of the incit¬ 
ing cause. Bronchial secretions are increased by vagal 

reflex after gastric mucosa irritation (iodide xalts) and di¬ 
rectly through sympathetic stimulation or by volatile oils 

flint are partially eliminated via the respiratory tract. Al¬ 
though the combination o( expccioranLs with antitussives 
in over-the-counter cough preparations may seem irrational, 
(he an moss i vc drags in these combination products do not 
appear to prevent stimulation of the cough reflex induced 
by liquified secretions commonly included in uver-ihe- 
counter cough preparations, their mechanism of action is 
unknown, although they may be- ineffective at the doves 
used in cough preparations (Papich, 1986b), 



Potassium iodide is a saline expectorant capable of increas¬ 
ing secretions by 150%, Ethylenediamine dihydroiodide, 
used as. a nutritional source of iodine in cattle, may be 
useful for the treatment of mild respiratory diseases. Iodide 
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preparations should not be used in pregnant or hyperthyroid 
animals or in milk-producing animals. Demulcent expecto 
rants such a<? symp arc often used as the vehicle for cough 
medicaments but has no apparent expectorant value. They 
ma) however, he useful for treatment ot cough, caused by 
pharyngeal irritation. 


Stimulant Expectorants 

Stimulant expectorants are used more commonly for 
coughing associated with chronic bronchial diseases, Gtiai- 

acol and its glyceryl ether guaifenesin (glyceryl guaia* 

colate) are wood tar' derivatives. Neither the volume of 
viscosity nor respiratory secretions appear' to change after 
treatment with guaifenesin, although airway particle clear* 
ance ncrcascs in bronchitic human patients. 


DECONGESTANTS 


The indications for decongestants include sinusitis of aller¬ 
gic or viral etiologies and reverse sneezing or other compli¬ 
cations of postnusal drip. Information regarding the use of 
decongestants in animals is largely based on extrapolation 
from human patients Ibr which allergic rhinitis and the 
common cold are ihe more common indications. Often 
decongestants are administered as a single drug combined 
with expectorants. 

The two major categories of drugs used as decongestants 
are the histamine tHj receptor antagonists (e g., dimenhy* 
drinate, diphenhydramine, chlorpheniramine, and hydro¬ 
xyzine) and the sympuihomimette drugs lie., a-adrenergic 
agonists} (such as. ephedrine [EDE]* pscudoephedrinc 
|PSE|, and phenylephrine |PNEJ) (Hendek*. 1993; John¬ 
son and Hrieik, 1993: Kanfer et al. 1993k These drugs 

can be given topically to avoid the systemic effects associ¬ 
ated with oral therapy. 

Stimulation of a ^receptors concentrated on prccapi Llary 
arterioles results in vascular smooth muscle vasocon&fric- 


titML Blood flow to (he nasal mucosal capillary bed is 
reduced; excess extracellular fluid associated with conges¬ 
tion ami a "nmny 1 ' nose is thus decreased, a - Receptors 
are comx-riitaled on the postcapillary venules; when stimu¬ 
lated. (he venules act as capacitance vessels that reduce 

blood volume in the mucosa. Mucosal volume decreases, 

reducing congestion. Sympathomimetic drugs mimic nor¬ 
epinephrine. Direct-acting agents stimulate one (PNE: a,} 
or both types of a receptors, depending on drug chemistry. 
Indirect* act mg agents (PSE) displace norepinephrine from 

nerve terminals and sometimes blocks its rctiptake, effec¬ 
tive I') increasing its action cm postjunctional «-receptors. 
Some drugs (e g , PSE, EDE) are both direct and indirect 
i n their actions Prolonged use of agents that act indirectly 
such as EDE may deplete storage granules, and the animal 
may become refractory to its effects. Alternatively. down- 
regulation of receptors (tachyphylaxis) may result in refrac¬ 
toriness (Johnson and Hrieik* 1993; Kanferet al. t 1993k 
Topical agents containing sympathomimetic drugs u e., 

nasal sprays) act within minutes, with minimal side effects. 
In. contrail. rebound hyperemia is commem. particularly 
with extended use of the drugs. The mechanism of rebound 


hyperemia is nor clear but may result from secondary $i» 
adrenergic: effects* as ^-receptors up-regulate or desensitize 
a*recoptors. Regardless of' the cause, repeated contraction 
of the vasculature can result in Ischemia and mucosal 
damage, perhaps due to Joss of nutrition. Oral treatment of 
sympathomimetic drugs can be associated with a number 
of adverse reaction*. Systemic vasoconstriction may cause 

hypertension; cardiac stimulation ma> result in tachycardia 
or reflex bradycardia. Stimulation of the central nervous 
system may also prove problematic, particularly with lipid - 
soluble agonists such as ephedrinc, Stimulation or urinary 
sphincter « receptors may result in urinary retention My¬ 
driasis may decrease aqueous humor exit anil can prove 
detrimental in patients with glaucoma. Because of their 
effects oti endocrine and other organs associated with meta¬ 
bolic function. these drugs should be avoided in patients 

with metabolic disorders, including thyroid disease and 
diabetes mdlitus. There appears to be minimal relationship 
between plasma drug, concentration and nasal decongestant 

efficacy with the a-agonists, suggesting that topical therapy 

is as efficacious. In addition, oral administration of some 

drugs (e g . PNE) is limited by fitM-pass metabolism, which 
prevents therapeutic concentrations of the drug from being 
reached- Thus, topical therapy may be the preferred route 

for sympathomimetic drugs. Note, however, that (in the 
United Stales) PSE is an ""old drug" anti as such is exempt 
from Food and Drug Administration (FDA) regulation, 
which include* various topical formulatkms. 

Antihistamines are effective for the treatment of allergic 
rhinitis in human patients. In (his scenario, they relieve and 
prevent itching and rhinonbea but not nasal "stuffiness." 
Thus, antihistamines are frequently combined with sympa¬ 
thomimetic drugs. The efficacy of the&c drugs for the 
treatment of symptoms related to the common cold (and, 
presumably, unknown microbial causes in animals) has not 
been proved. Sedation is the most common side effect 
of the first-generation antihistamines (diphenhydramine k 
Newer antihistamines (e.g, T chlorpheniramine} arc associ¬ 
ated with minimal sedation In contrast to other causes of 

rhinitis, topic decongestants may be more of a risk for 
patients with allergic rhinitis because of Ehe risk of drug 
reaction (rhinitis medicamentosa). This side effect is 

avoided with topical therapy. Because the antihistamines 
lire safer than the sympathomimetic drugs after oral admin¬ 
istration, this may be the preferred route for antihistamines 
(Hcnddca. 1993). 

Formulations of topical preparations can influence drug 
efficacy. Contnolled-release polymers can decrease the rate 
of drag dissolution (and thus its ability to reach cellular 
targets}, Although these differences may not be clinically 
relevant, it is important to realize that bioequivalency of 
the topical decongestant products containing older dmgs 
may vary. The major divadviamage of topical agents is their 
short duration of action. 





The primary indications few aerosolization are to directly 

deliver drugs to the respiratory tract and io facilitate lique¬ 
faction and mobilization of respiratory secretions. The ben- 
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(e.g., exposure 10 smoke, cough r are more common than 

infectious causes. In addition to resolution 0 / the underly¬ 
ing cause, drug therapy should be implemented to control 
symptoms Cough can be controlled with peripheral or 
central antitussives or a combination thereof. Over-the 
counter preparations that contain expectorants can. prove 

helpful. Humidifying secretion* (liquifieaiion of mucoid 

materiall becomes increasingly important with chronic lra- 

dieito and may include ncbuli/ulioti four to six times a 
das nr exposure in a steam-idled bathroom for 15 10 20 
minutes three limes daily. Physical therapy (compage) 
should be implemented after liqui fact ion of secretions. 

Short term therapy with short-acting glucocorticoid* may 
help break the cough cycle, although care must he taken 
that glucocorticoids do n«1 exacerbate the underlying con¬ 
dition , 

Antibiotics are indicated for infectious tracheitisAra- 
chcobronchitis. Infectious tracheobronchitis in dogs (kennel 
cough) is a complex syndrome caused by multiple organ¬ 
isms, including viruses, bacteria, and mycoplasma. This 

syndrome is discussed with bronchial diseases. 


animation and motion studies with either a H Horoscope or 
a bronchoscope. 

Drug therapy targets control of the cough with bron- 

chodilator* and centrally acting antrtussivcv Severe coughs 
may require narcotic antitussives associated with sedation 
U desirable characteristic in some patients) until the cough 

is controlled. Mucokinetic drugs may also be helpful. 
Shorl-term glucocorticoid therapy may be important to 
minimise (fie inflammatory response to damage induced by 
paroxysmal coughing, Nebulizatkm may be helpful but 
pretreatment with bmnchodilators iv probably important. 


The use of bnonchotfilaiors should be considered for their 
effects on peripheral airways. Bionkoclixir, an old product 
containing phenobaibital as a Native anti theophylline 

as a bnmchodilator, may prove beneficial. Digitalisation 

reportedly has beat beneficial in some patients that do- not 
respond to other therapies < Bray ley and Ettinger. 1995). 

Because tracheal rings are comprised of hyaline cartilage, 
it is intriguing to consider the possibility of chondroprotcc- 
tants containing glucosamine and chondroilin sulfates fe.g.. 

Cosequin .1 in the long-term management of these patients. 


Structural Disorders of the Trachea 

Pharmacologic management of structural disorder* of the 
trachea focuses on supportive therapy. 


Hypoplastic Trachea 

Slight or moderate tracheal hypoplasia may resp^^d 
m bronchodilator therapy. Recurrent infections (bacterial) 

should be anticipated because of a poorly functioning mu¬ 
cociliary tract, Although prophylactic ami biotic therapy is 
discouraged, antibiotic therapy during active in fee Ton 
should be anticipated. Culture and susceptibility data may 
be particularly important for these patients because recur¬ 
rent infections ore more likely to occur in them than in 

animals with a normal trachea. Drags that facilitate muco 

ciliary clearance -.'hauld be considered on a daily basis; 
these might include mucokinctic drugs. More serious qpi- 
«nles of respiratory compromise might benefit from N- 
ucetylcysteine therapy administered by any route The use 
of bronchodi I ators should lx- considered; although the tra¬ 
cheal diameter may not be impacted, the effects of these 

drags on peripheral airways can be beneficial Supportive 
actions should also include weight control„ avoidance of 
smoke olid other environmental contaminants, and avoid- 
once of actions or drugs ihai cause immune compromise. 


Track eat Collapse 

Tracheal collapse as a cause of respiratory distress can 
progress to a life threatening situation. Early therapy may 
help decrease or slow the progression of the syndrome in 
some animals, simply by decreasing damage 10 the trachea 
as a result of paroxysmal coughing. Tracheal rings in 
afflicted animals Itwc their abiliiy 10 remain lirm. Leading 
to collapse. The characlerisiii. “goose honk ' cough is dry 
and chronic. Most commonly afflicting smaller breeds, 
(rocheal collapse is often associated with chronic valvular 
(cardiac) disease, and it is important to differentiate be¬ 
tween the rwo Diagnt sis requires proper radiographic ex 



Diagnosis of bronchial diseases should be based on physi¬ 
cal examination, thoracic radiography, tracheal or bronchial 
wash and, bronchoscopy. Examination for structural de¬ 
fects, cytologic studies and microbial cultures are among, 
the diagnostic tools of use for bronchial diseases. 


Canine Infectious Trachea bronchitis 

Bondetefia kmm hi\eptka is the bacterial organism most 
commonly associated with kennel cough. Viral organisms 
include canine parainfluenza, canine herpes, and canine 

distemper viruses. The clinical syndrome is characterized 

by a dry* backing, paroxysmal cough in an otherwise 

healthy annual. Clinical signs of this highly contagious 

syndrome generally appear 3 to 5 days after exposure. 
Tracheal cytology should reveal neutrophils and bacteria 
Therapy of uncomplicated, cases is supportive. Arttitus&ives, 
in relative order of efficacy i least to most), include dextro¬ 
methorphan (aniitu&sives), bwiorphanol, and hydrocodonc, 

Hydrocodone may be associated with sedation, which may 

be beneficial in cases of paroxysmal coughing. Antimicro¬ 
bial therapy in uncomplicated cases- (lasting 7 to 10 days) 
ha* not been shown to decrease the lime course of the 

disease; indeed, most antimicrobials used empirically (i.e., 

amoxicillin) generally do not penetrate bronchial secretions 
in sufficient quantities to be effective For the same reason, 
prophylactic therapy should be used cautiously. 

In contrast, antibiotic therapy (in addition to other sup¬ 
portive therapy) is indicated for complicated infections or 

for dogs whose coughing persists after l weeks, Other 
indicators of complications include any evidence of infec¬ 
tion occurring lower than the upper bronchi or systemic 

signs of illness- Because of the complicated nature, and 
particularly if the patient has received previous antimicro¬ 
bials* selection of the appropriate antibiotic should be bared 
on a properly collected culture af the site of infection (not 
a pharyngeal or laryngeal swab) Selection of an antimicnv 
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hi a] empirical!) is complicated by the possibility of myco¬ 
plasma as a causative agent, Selection of antimicrobials for 
treatment of respiratory tract infections is discussed in 
Chapter 10, 

Antimicrobials recommended empirically include chi or* 

amphcnicol, tetracyclines (both include Mytophsttm spe¬ 
cies in their spectrum), and amoxicillin. The latter has 

decreased the duration of coughing in a field study. Antimi- 

crohul therapy should continue for 2 weeks. Animals that 
fail to respond Uj antimicrobial therapy may benefit from 
the addition of aerosol i nation with gentamicin (pretreat 
with hronchodilainrs). 

Because coughing associated xx ith kennel cough can he 

paroxysmal, a single treatment with a short-acting gluco¬ 
corticoid might be considered to ameliorate some of the 
effects of inflammation In the immunocompromised ani¬ 
mal, however, this may lead to spread of infection. 


feline Bronchial Diseases 

3 eline bronchial diseases include feline bronchial asthma 


as well as acute and chronic bronchitis and emphysema. 

Causes of felme bronchial diseases have not been found, 

but a type I hypersensitivity reaction has been suspected as 

a cause of asthma. Initial contact between the allergen and 
bronchial mucosa may lead to the release of histamine and 
other mediators that allow penetration of the allergen into 
the submucosa. The resultant inflammatory response to the 
allergen leads to the characteristic disease. The source of 
inflammatory mediators includes essentially any cell of the 
respiratory tract, white blood cells, and platelets. Smooth 

muscle hypertrophy and increased mucus and inflammatory 

ceil infiltrate I particularly eosinophils) characterize asthma 
and its clinical signs. Acute bronchitis is generally revers¬ 
ible and short in duration but can he life threatening. 
Should airway inflammation persist, bronchitis may be¬ 
come chronic. Two to 3 months of inflammation can lead 


to deposition of fibrous tissue; these lesions tend to be 
irreversible. Emphysema can occur as a result of chronic 

bronchitis and is characten/ed by enlarged airspaces with 
destruction of hronchiolar and alveolar walls and airway 
collapse. Couch is the mosi consistent clinical sign of 
bronchia! disease in cats. Respiratory distress may be ab¬ 
sent or episodic, particularly in the presence of bronchial 
asthma. 


Diagnosis should be based on thoracic radiographs; a 
complete blood count (which may reveal eosinophilm); 
trachea! or bronchial wash (particularly it bacterial or para¬ 
sitic causes are suspected); and fecal examination I for 

parasitic causes). Cultures of Myt aphiuna species should 
be performed whenever possible, particularly in non re¬ 
sponders. Treatment should include environmental manage¬ 
ment. In particular, exposure to smoke (cigarette, lircplacc, 
or otherwise) should be avoided; other potential environ¬ 
mental allergens include litter dust, perfumes, household 
cleaning products, deodorants, and insulation products. 

Acute respiratory distress due to bronchial disease 

should be handled as a medical emergency. Administration 
of drugs should he accompanied hy oxygen therapy and 
rest. 

Glucocorticoids are recommended by some authors as 
initial therapy; however, the lag time to effect may lead to 


the additional use of branchediI alore as a prudent initial 

choice, p;-Adrenergic agonists are preferred (although 

doses have not been well established for animals), but 


minflective agonists can he equally as effective in critical 
cases, Parenteral father than ora! administration will ensure 


the most rapid onset of action. Note that epinephrine has 
marked (i, (and u) effects and in the presence of hypox¬ 
emia can cause fatal cardiac arrhythmias. Aerosolizatiem 

should not replace, but can be used in concert with, paren¬ 
teral ad mini st ration if the stress of aerosoli/ation is not 


dangemus to severely dyspneic animals Subcutaneous epi¬ 
nephrine can be administered at presentation and, if the 
patient responds, repeated every 3t) minutes for several 

doses (Bauer, 1986). Terbutalme can also be administered 
subcutaneously either in lieu of epinephrine or for animals 
that fail to respond to epinephrine. Aminoptiyllinc can be 
infused intravenously (2 to 5 mg/kg in dextrose or 

saline) in animals that fail to respond to |i-iigonists i Bauer, 

1986), The addition of atropine or glycopyrrolaie may 

facilitate Krone hod i I ai ion. Exacerbation of hypoxia is a 
complication of hr unchodi later therapy due to drug-induced 
pulmonary vasodilation, and the potential for vcnlilalion- 

perfusion mismatching necessitates administration of bu¬ 
rn Id died oxygen, particularly with theophylline. 

Glucocorticoid therapy should be initiated in conjunc¬ 
tion with broachodilators in cats with bronchial asthma 
The permissive effects of glucocorticoids are likely to 

improve response to hronchodilator therapy . Rapidly acting 

drugs such as prednisone sodium succinate should he ad¬ 
ministered at presentation and again at 4 to 6 hours (Bauer, 
1986; Moise and Spaulding, 1981). Alternatively, dexa- 
metbasoiie or dexamethisone phosphate may be admin is* 
tcred because of its anti-inflammatory potency. The hydra¬ 
tion status of the patieni should be assessed at presentation 
and corrected if indicated, Overzealous fluid therapy can 
prose detrimental, however, and should he avoided. Oral 
hronchodilator and glucocorticoid therapy can begin when 
the patient is stabilized. 

Response to glucocorticoids in the acute management 

of respiratory distress in cats may indicate a favorable 
response to long-term management. If glucocorticoids are 
used chronically, prednisolone (or prednisone) is the most 
commonly preferred maintenance drug, although triamcino¬ 
lone is acceptable. Initially, doses should be as high as 2 

to 3 mg/kg divided two to three nines a day. A 2- to 3- 
week trial may be indicated to establish efficacy and need, 
Mamie nance doses arc likely to markedly vary among 
animals and should be slowly tapered to a minimum effec¬ 
tive dose 1 to 2 weeks after therapy is started. Doses as 
little as 1.25 mg/cat every 72 hours may be Mitlicient in 

some animals. Glucocorticoid therapy should be main¬ 
tained for a minimum of 2 mouths; complete cessation of 
therapy may not he possible in selected cases. Therapy 
should be continued for several weeks after cessation of 
signs to resolve residual and clinically in apparent small 
airway disease. Tracheal cytology may be helpful in identi¬ 
fying the continued need for anti-in flam mafory therapy 
both before and after therapy is discontinued, 

Rcpositol forms of glucocorticoids should be avoided 
because of the risk of exacerbation of disease (Bauer, 
1986), Remission of clinical signs appears to be more 
difficult m animals that have received these drugs. For 
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animals Tor which daily glucocorticoids cumun be given 
'Consistently, however* doses of 2 to 4 rug/kg can be given 
every IQ to Xl days to control clinical signs. In cases of 
c \ acertMlJoti in patients receding glucocorticoids. intermit¬ 
tent high closes of intravenously administered oi aerosol¬ 
ized glucocorticoids, and particularly beclomethasone di- 
prupionate, in conjunction with oral maintenance 
g Juctxurt jc i uds can be used to treat animals whose disease 
exacerbates I Bauer I986|, Alternatively, tncgcstrol ace lute 
has been recommended in lieu ol antemiiitent high doses 

of glucocorticoids ip cals with refractory bronchial asthma 
{Bauer 1986). 

Addition of hronchodilator therapy should he considered 

for animals thai do not respond sufficiently to glucocorti- 
coal therapy. Intermittent use may help during periods of 
exacerbation of disease, although long-term therapy may 
be necessary fur some animals, Bronchodilators mas Jc* 
crease the amount of glucocorticoids necessary to control 

clinical signs. Oral theophylline is the bretne hodi lator most 
commonly used for long-term hronchodi Lator therapy in 
dogs and cats I Bauer* 1986; Moisc and Spaulding* 1981), 
although terbululmc can be used as an alternative, paricu¬ 
lm *y in animals refraeti>ry to theophylline, Alternating be¬ 
tween theophylline and IT agonist* may present the inci¬ 
dence of refractoriness due to dow n-regulation of (1- 
receptors. Monitoring serum theophylline concentrations is 

encouraged* particularly in animals that do noi respond 
sufficiently or in animals receiving long-act mg theophylline 
products. Theophylline, particularly long acting products, 
might be given to cats in the evening to maximize therapeu¬ 
tic efficacy. 

Thc use of cyprohcpliditte and leukutrtem; receptor an¬ 
tagonists as ami inflommatorics should be considered in 

cats th.it have not sufficiently responded to or cannot lolci 

ate glucocorticoid or bnmebodiIalur therapy. 

Canine Bronchitis 

Acute brumhiiis is not as likely to present as a l.fe- 

threatening situation in dogs and refers pnmiuily lo dura¬ 
tion of clinical signs (Hawkins, ]995) Inflammation that 
persist* more than 2 months may cause permanent damage 
to nirw ,iy * and is referred lo as ctmrnii' h mnehim Bnmchi■ 
earn* % refers to irreversible dilation of the bronchi arkl can 
be a sequela of chrome hrnnehilis < i n flummat u m i dial dues 
not rcsohe. Among the causes of bronchitis mi dogs arc 
allergies* inhaled irritants, viral* microbial of parasitic in¬ 
fections, ami heartworm disease I sec Chapter JO) Foreign 
bodies are a less common cause. As with cals, eradication 

of the underlying cause is paramount to therapeutic suc¬ 
cess. Diagnostic aids are the same as discussed for cats, 
Medical management of chronic airway disease itt dogs 
should be accompanied by u eight loss and ph\ steal therapy 
(mi Id excel Lise of coupagc to facilitate movement of respi¬ 
ratory secretions). 

Allergic bronchitis is not a common or easy diagnosis 
in dogs. The canine respiratory tract is probably more 
resistant to anti gene stimulation a-* a cause of cough com¬ 
pared with cats (and people), Parasifsc infections including 

heart worm disease must be ruled tun. If airways cytology 
is supportive of an allergic response and the underlying 
cause has not been identified or yet eradicated* glucocorti¬ 


coids arc indicated, A minimum effective dose should be 
rapidly established. Long-term glucocorticoid therapy may 
not be indicated for dogs unless the disease is associated 

wilh eosinophilic or mononuclear infiltrates; this is particu¬ 
larly true for pattern* with bronchiectasis. 

Medical management of chronic bronchitis in dogs must 
be modified fot the individual patient. Obviously, exposure 

to irrilants such as cigarette smoke must be avoided Bron- 

shodfiator therapy provides the mainstay of medical man¬ 
agement of chronic bronchitis in many dogs, Drugs used 
for cats can be used for dogs; (he major difference is in 
frequency of administration, which will be more common 

in dogs, Night-time (rather than day time) administration 
of shurt-acting theophylline products is not indicated for 

dugs. Therapeutic monitoring is encouraged, particularly 
for dogs that do mu sufficiently respond. Both lerho tot i ne 
and albuterol can be used for dogs and might be considered 
in combination with theophylline for nonrespondm for 
which therapeutic concentrations of theophylline have been 
maxi mazed or on an alternate basis with theophylline, 

( ontrol of inflammation may he facilitated by the use 

of A-acetylcysteine; additionally* its expectorant and muco¬ 
lytic effects also should prove beneficial. Leukotriene re¬ 
ceptor antagonists should be considered as well. Glucocor- 
licoids shots Id be used only if cytologic examination 
indicates h large mononuclear or predominantly eosino- 

phi I ic component to the inflammation. The routine use 
of anti microbial* for the treatment of chronic diseases is 

controversial. Distinction between infection and coloniza- 
lion should be made whenever possible. Selection of the 
antimicrobial should be based on culture and susceptibility 
data. Cytologic findings shoo'd be used to guide the need 
for antimicrobial therapy; culture- data are likely to enhance 
therapeutic success. Antimicrobial therapy should target 
Ikmkittiii The potential of infection with Mycoplasma 

should not be overlooked. A trial course of antimicrobial* 
is indicated if cytologic findings are supportive of microbial 
infect ion: care should be taken to use an antimicrobial 
effectr-'c against Myroptasmo before microbial infection is 

ruled out. More in-depth discussion of antimicrobial ther¬ 
apy fur respiratory tract infectious can be (bund in Chap 
ter 10. 

The role ol anlitussivcs in the treatment of diseases 
depend- on the character of the cough. Inflammation and 
infection cun result in mediator release and cough without 
an increase in bronchial secretions* Amitussivcs are gener¬ 
ally indicated if the cough is nonproductive. In the ease of 
productive cough, (fie use of expectorants or mucolytic* 

may actually exacerbate cough Hydration of respiratory 

secretions is critical to effective mucociliary Transport func 
lion. As such, diuretics arc contraindicated, and doily water 
in lake must he maintained. Exposure to humidified air (i e.» 
humidifiers* vaporizers, ot a visit to the bathroom during 
family member showers) .> likely to facilitate liquefaction 
of respiratory secretions. 



As with other regions of the respiratory tract, causes of 
pulmonary disease include viral, microbial, and parasitic 
infections* allergic (hypersensitivity) or tramunc- mediated 

CoDvriahtod materia 


Hidden page 





\ Svnents Appmath 


G rumilor ruitoM v whether eosinophilic or lymphoid, b ac¬ 
companied by a poor prognosis, Combination therapy 
should include cyclophosphamide |>0 mg/m : orally every 
48 hours) and immunosuppressive doses 11 mg/kg every 12 
floors 'i of prednisone. N-acety ley *te i ik and bronchudilaturs 
should he used as previously diseuvsed. 

Vascular I Hseasvs 
Pulmanarj Hyperti nsion 

Pulmonary hypertension is most comrrHuily a seamdary 
problem. and. as such, treatment vhould focus on eradica¬ 
tion of the underlying cause Causes can be precapillary 
{alveolar hypoxia caused by lung disease or high altitude) 
or poMcaprllaiy <congenital heart disease with left to right 
shunting of Hood or acquired hears disease!, Dirofflariasis 
is probably the most common cause of pulmonary 1 ' hyper¬ 
tension in dogs: bronchial asthma might he a cause in cats. 
Currently, no drugs have been found that can be used in 
the clinical environment to cause pulmonary arterial dila¬ 
tion while avoiding systemic arterial vasodilation. Hence, 
use of pulmonary vasodilators is generally accompanied by 
undesirable systemic hypotension and tachycardia 

Pulmonary Edrma 

As m any iissue, excessive fluid accumulation in Ihc 
lungii occurs as a result of increased hydrostatic pressure, 
decreased oncotic pressure, lymphatic blockage, or changes 

in vascular permeability. Increased hydrostatic pressure 
generally occurs as a result of volume (vascular) overload. 
In contrast to fluid dynamics in other tissues, hydrostatic 
pressure m the lungs js low. and lymphatic flow is high. 

Expansion of lymphatics, as well as fluid movement into 
the alveoli* cm accommodate marked increases in capillary 
pressure. Thus, capillary hydrostatic pressures must maik- 

edly increase for excessive fluid 10 accumulate in ihc lungs. 
Hypoaibuiriinemia is not a l kcly cause of pulmonary 
edema. Rather, vascular overload as a result of overtircula- 
lion is a common cause of pulmonary edem .1 secondary i» 
increased oncotic pressure. Lefl heart failure is the most 
common cause of vascular overload, Regardless of the 
cause of pulmonary edema. «»xy gen therapy and actions 

that minimize stress and anxiety of the patient are indi¬ 
cated,. Unless cuntruiiKlicaied, brocichodilalors should be 

administered. 

□sureties are indicated for treatment of pulmonary 
edema associated with volume overload. Drugs that cause 
sodium and chloride excretion (i.c*, fumsemide) may he 

more effective, particularly in cases of sodium and wain 
retention. Diuretics are contraindicated for patients that 
are hypovolemic. Use in tvormovolemic animals should be 
cautious and the dose titrated to the minimum needed lo 
control clinical signs associated with pulmonary edema. In 
life threatening situations of pulmonary edema associated 
with volume overload, venous dilators can be used to 

increase the capacitance of the vascular system, thus 
“drawing 1 * the increased volume into ihc veins, away from 
the heart and pulmonary system. Topically applied nitro¬ 
glycerin of morphine sulfate {0,3 mg/kg intravenously as 

needed) can be used for this purpose. Morphine has the 


added advantage of sedating animals whose anxiety is 

contributing to hypoxia. Methylxanthines such a*- theophyb 

line might be helpful in the short term because they also 
bronchodilatc, and in the patient with heart failure they 
may improve contractility. They will also, however, in¬ 
crease oxygen demand by the heart, and their diuretic 
effects are short lived (2 to 3 days). 

Pulmonary edema as a result of increased vascular per¬ 
meability probably occurs more frequently than ts ontid- 

paled, Any disorder that causes inflammation of the Sungs- 
will contribute to pulmonary edema of the lungs. The 
extreme manifestation of permeability-induced pulmonary 
edema is the acute respiratory distress syndrome described 

in humans. The fluid contains protein that, as long as it is 
present, will continue to provide oncotic draw of fluid into 
the parenchyma. Pulmonary edema of this type is difficult 
to treat. Pulmonary wedge pressure is normal; vascular 
overload is not present In this situation, diuretics will 
serve to decrease fluid retention only at the cost of extracel¬ 
lular fluid volume and thus are not ait effective treatment. 

Glucocorticoids might be indicated to decrease inflamma¬ 
tion and support hronchodilation, although their use is 

controversial Among the glucocorticoids, cnethylprednisfr- 
lortc should lx- considered because of its ability to scavenge 

oxygen radicals. Vasodilators might be used; the tbcrapeu- 
tic in tent, of these drugs is not certain, but decreased deliv¬ 
ery of blood to tlx* lungs and a further decrease in wedge 
pressure may decrease movement of blood into the paren¬ 
chyma. Vascular shunting and hypotension may. however, 
preclude their use. Newer therapies are likely to target 

mediators responsible for permeability, such as tumor ne¬ 
crosis factor or nitric oxide, or replace surf^tam. 

Miscellaneous 

iiptrmhn Pneumonia 

Clinical signs resulting from aspiration pneumonia may 
result from mechanical obstruct ion in small or large air¬ 
ways. an inflammatory response to foreign materials 
(including gastric acid or other chemicals), or bacterial 
infection. Decreased pulmonary compliance and broncho- 
constriction are likely to be a source of some of the clinkuJ 
signs. Oxygen therapy, branchodilalory therapy, and posi¬ 
tive-pressure ventilation are indicated, the latter particularly 

for patients with poor pulmonary compliance. Bronchos¬ 
copy can be used to .guide removal of visible foreign 
material- Glticuccnlicoids might be used to minimize the 
inflammatory response during the initial phase of therapy: 

melhy Iprednisokxie and an A-acetylcysteine might be con¬ 
sidered to minimize oxygen radical damage. Immune sup¬ 
pression probably negates 'the advantages of controlled 
inflammation after 48 hours of therapy. Routine antibiotic 
coverage is controversial; antibiotic therapy might be more 
appropriately held until evidence of infection exists, 

Sear Drowning 

Standard supportive therapy for near drowning includes 
oxygen, positive-pressure ventilation, and therapy for 
shock, Broncbodilators may be of benefit. Use of glucocor¬ 
ticoids iv controversial; however use of methylpredmso- 
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lone is appealing because of its oxygen scavenging abili- 
lies. S -acetylcysteine therapy may be useful for its oxygen 
radical scavenging effects as well as other benefits. Short¬ 
term therapy may Nr of benefit Use of unIimierwhiaIs 

should probably be reserved for evidence of infection. 

Supportive therapy should 4)*o target the advertt of cerebral 

edema; 4R juidiiiiHia! advantage of using methy I predniso¬ 
lone ri minimizing oxygen radical damage in die event of 
cerebral hypoxia 

Smoke Inhalation 

Oxygen therapy is ^ riiical for remov al of carbon monox¬ 
ide; the half life of earboxyhemoglobin reduces from 4 la 

0,5 hours in the presence of 100*. oxygen. Other support¬ 
ive therapy includes airway hydration (as needed), brom 

chodilators. and, if indicated, positi ve-pressure ventilation. 
Short-term administration of glucocorticoids (methy Jpred- 
msolnne preferredi may he of benefit to minimize inflam¬ 
mation and oxygen radical damage and to facilitate brun¬ 
ch odi I at ion 


Diseases of the Pleura 


A number of diseases are associated with pleura) effusion, 
and successful management of the effusion largely depends 

on resolution of the underlying diseases (Bauer and Wood- 

lield, 1995). Thus, pleural effusion due to cardiac failure. 
neoplastic disease, and other causes are treated by treat 
ment of the cause; pLeurodcsis is used, m needed to manage¬ 
ment life-threatening effusion. Pleuradcsri stin ulatcd by 

lavage of irritating substances (with the intent of ‘‘closing" 

the pleural space by causing fibrosis) is strongly discour¬ 
aged. An exception is mode for empyema, which can 'be a 
primary disease. 


Empyema 

Empyema refers to the accumulation of infectious inflam¬ 
matory material within the pleural space. Infection can he 

an extension of a primary pulmonary lesion, the result of 

direct penetrating trauma, or of a lymphatic or hematoge¬ 
nous route. Accumulation of inflammatory debris pros ides 
a continued colloidal draw of fluid into the cavity 1 . Lym¬ 
phatic obstruction by debris further worsens Ihc ability of 
pleural fluid mechanics in resolve the accumulation, ( bus. 
chest drainage is critical to successful control. Microhio- 

logn examination (including Gram stains initially pending 

culture am) *.u*ecptihility data) should be the basis of iniiidi 
antimicrobial selection. Subsequent daily cytologic studies 
with Gram staining should provide the basis for response 
to therapy The fluid should be recultured if bacterial 

growth has not changed for 2 to < subsequent days or if 
the organism's morphology changes. Note that absence of 
an organism on Gram stain doc* m-t necessarily indicate 
iht absence of organisms ut the site of infection. Because 
the incidence of anaerobic infection* in empyema is high 
in both dogs and cats, both aerobic am! anaerobic cultures 
should he collected Care must be taken ro properly collect 
the anaerobic culture. Despite the presence of organisms 


on Gram stains, cultures often do jm yield growth, Thus, 
antimicrobial therapy often must he empirical 

I- mpirical therapy should i m lude drugs effective agsinst 
iuicrobic organisms. Although ampicillm has been recom¬ 
mended pres T .nuvly as the drug of choice, resistance to this 
organism is increasing, Thus, unless culture and suscepti¬ 
bility data are available to direct oihcrwi.se. the amoxicillin/ 


davulanic acid combination is recommended. In addition 
to improved efficacy, this drug is more orally biouvailabJe 
than is amoxicillin, and can be given less frequently, De 

spite these favorable characteristics, however, double dos 
jog .ii H-hour intervals is recommended for treatment ol 
empyema with amoxkrillin/cUvuUnic acid. 

Clindamycin is recommended frit treatment of empyema 
in cats but could also be considered for dogs. Clindamycin 
is effective against most an.aer.ibc5* including Nocurdia 

species. In severe infections, the aminoglycoside amikacin 
is very effective against .\ouartfia (once daily therapy i; 
note, however, that the aminoglycosides are not effective 
against other anaerobic organisms lr the event ol a gram- 
negative organism, combination therapy is recommended. 


Both clindamycin and amoxicillin/clavulanic add can be 

combined with a number of drugs effective against gram 

negative organisms. including amikacin or enrofloxarin. 
Because o i thdr excellent tisiuc penetrability am! their 

efficacy against Ym tinlut and Artinnmyretrs species, tri- 

methopnm-sulfonamKk (sulfadiazine preferred) has been 

used for treatment of empyema. Resistance may be a lim¬ 
iting factor; combination with an effective penicillin will 

enhance drug delivery to AbiunJid. potentially resulting in 
synergistic action. As with the penicillins, double doses are 

recommended for the sulfonamides. Because therapy is 
likely to be prolonged to several months, clinical signs of 
immune-mediaLed reactions to the sulfonamide* should be 
anticipated and the drug discontinued if detected 

The toe of pleural lavage as supportive therapy is con¬ 
troversial. Certainly lavage ri more indicated in the initial 

stages of therapy to remove inflammatory debris that might 
be Mocking lymphatic or other drainage pathways Addi 
tion of heparin may help reduce fibrin formation as wel) 

as potentiate phagocytosis of the debris hy macrophages. 
Use of proteolytic enzymes in lavage fluid i* unsupported. 
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Hormones art either protein (e g., insulin, glucagon. and 
thyroid hormones) or steroidal (c,g. # glucocorticoids* min- 
cralocOfiicoida. arid reproductive hrartiunes) in structure. 
The cellular effects of hormones are achieved (generally) 

either through, interactions with cell membrane receptors 
(thus stimulating a cascade of intracellular reactions, often 
involving secondary messenger systems) or through passive 
diffusion to the cellular nucleus, stimulation of protein 

synthesis, and subsequent formation of die effector protein, 
Generally, but not always, protein hormones interact with 

cell membrane receptors fan exception being thyroid hor¬ 
mones h whereas steroidal hormones passively diffuse 
through the cell membrane to the nucleus 

Drug therapy for the endocrine systems is implemented 

for one of three reasons: to replace a hormone deficiency; 
ID prevent or reduce the formation or effects of-an over ac¬ 
tive hormone; or to provocatively tost tor the presence of 
m endocrine disease. Understanding the proper uses of the 
drugs depends on an appreciation of the normal physiology 

of each endocrine system, including mechanisms of control 
and behavior of target tissues (Tables 33-1 and 32-21. 


THYROID BLAND 


Synthesis 


Iodine is actively accumulated by an active transport proc¬ 
ess in the follicular cells of the thyroid gland (Fig. 32 -1). 
Iodine posses down an electrochemical gradient. Once in 

the follicular lumen„ iodine is oxidized and subsequently 

inserted into a thyroglobulin amino acid, tyrosine. TTiyrokJ 
pcroxida.se is the enzyme responsible for oxidation and 

insertion. At the same time fhvroglobulin is synthesized 


by the endoplasmic reticulum and Golgi apparatus and 
released in vesicles into the Lumen. The monotod mated 


Form results from trie initial iodination of tyrosine; mono 
products are then joined to form di-iodmaled molecules; 
combination? yield the triiodinaied tyrosine, triiodothyro¬ 
nine (T,.h and thyroxine O',) (Fig, 32-2), Thyroid peroxi¬ 
dase mediates the formation of mono- and did delimited 
tyrosine residues m well as die formation of T, and T 4 from 

these residues. Eouror more sires cjiisi in die thymglntnilin 


molecule for the generation of thyroid hormones: generally 
each molecule contains three to four residues of T„ and 
zero to one residue of T> (humans). The preformed hoc 
mones are released from the colloid of the follicular cells 
upon stimulation with thyroid-stimulating hormone; much 
greater quantities of T 4 are released than are Ti. The hor¬ 
mones are transported to the target cell* bound to one of 
several transport proteins. At the target cell, both hormones 

are taken up T, is convened to T„ however, which causes 

physiologic effects. Thyroxine (Tj is deioditiated on the 

outer ring to produce T,, However, deiodination of the 
inner rig produces reverse T, (rTd, which is physiologi¬ 
cally inactive (Dunn, 1995). Thyroid hormones stimulate 
many metabolic processes, including the activity of many 
enzymes, metabolism of vitamins and minerals, the regula¬ 
tion of other hormones, and stimulation of calorigene&is, 
protein and enzyme synthesis, and carbohydrate and lipid 
metabolism. They also have marked inotropic arid chrono 
tropic cardiac effects, stimulate erythropoietic and affect 
virtually every body tissue. 



Pathophysiology 

Primary hypothyroidism is s disorder that afflicts princi¬ 
pally dogs. Causes include Lymphocytic thyroiditis, idio- 
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Table It-f, Concentrations of Variqus Honnanef m Normal Oegs 
and Cats 
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pathic atrophy, and neoplastic destruction (Feldman and 
Nelson, 1996), Secondary hypothyroidism results from a 
deficiency of th y rotropi n-st i mu laii ng hormone fTSHi se 
creted from the pituitary gland. Tertiary hypothyroidism 

results from a lack of hypothalamic thyrotropin-releasing 
hormone (TRHl and its subsequent effects on 1 SI 1. Con* 
genital absence of the thyroid glands and iodine deficiency 
arc rarer causes of hypothyroidism- Cals suffering from 

clinically evident hypothyroidism generally develop the 
disorder in response to iatrogenic removal or destruction 
of thyroid tissue as part of the treatment for hyperthyroid 
ism. Iodine deficiency is a much rarer cause of hypothy- 
riuiUsm in kittens. 

The clinical signs of hypothyroidism refer to multiple 
body systems. Dermatologic signs include unilateral or 
bilateral nonpruritic alopecia that can be localized m dif¬ 
fuse, The hair coat is dry. course, and 5low to grow. 
Hyperkeratosis. scaling, dandruff, or seborrhea may be 

present. Immunosuppression may lead to secondary pyo¬ 
derma Card Lac abnormalities may develop with severe 

hypothyroidism, including bradycardia and reversible car¬ 
diomyopathy, Rcproduciive disorders that may develop in¬ 
clude abnormal estrous cycles, infertility, and lack of Ljbido. 
Nettromoscular dysfunctions include weakness or stiffness, 
musdc wasting, neuropathies, and weakness of facial mus¬ 
cles Seizures may he worsened in the epileptic patient 
with hypothyroidism Diarrhea is the most common gastro¬ 
intestinal manifestation of hypothyroidism. In cats, lethargy 
and obesity are the most common clinical manifestations of 

hypothyroidism Clinical laboratory abnormalities include 
nornhtcytic, nortmjehrotnic. nuitregenerative anemia with 


leptocytes on the hemogram; pure red cell aplasia; and 

hypercholesterolemia with hypertriglyceridemia or hyper¬ 
lipidemia. 

Baseline and Provocative Testing of 
Thyroid Status 

Concentrations of circulating thyroid hormones are the 
basis of diagnosing hypothyroidism. Basal hormone con¬ 
centrations are easily influenced by a number of uncontrol¬ 
lable factors; thus, thyroid hormones are ideally measured 

after stimulation with exogenous TSH or TRH (Beale. 
1990). Thyroxine Cf .) is die primary hormone secreted 
from the thyroid gland; however, its metabolic product 
triiodothyronine tT.fb the physiologically active hormone. 
Only -Mb* of T, in the blood is secreted from the thyroid. 

Most T, results from metabolism or conversion of T, by 
peripheral tissues to T> and reverse T. (rf’A Dins, most 
body 1 is located inside cells at the site of conversion As 
,t result, plasma concentrations, of Ti do not necessarily 
reflect total body T». and T 4 concentration is the principal 

liormune tested. 

Thyroid hormones are bound to plasma, proteins. Only 
a very small fraction of circulating hormones is unbound 
and thus physiologically active. Most laboratories measure 

total ihound and unbound! T, and T, concentrations.. Mea¬ 
surement of unbound hormone may more accurately reflect 

the status of the thyroid axis. Tests for the free fraction of 
thyroxine (FT t ) .arc increasingly being offered by diagnos¬ 
tic laboratories (Ferguson, 1996). A number of techniques 
have been developed to quantitate the fraction of unbound 

thyroxine. Included are equilibrium dialysis, which serves 

as the gold standard for comparison with other methods, 
and several immunoassays (hat indirectly detect FTV Cur¬ 
rently. methods that depend on equilibrium dialysis appear 

to offer the most accurate measurements of T*. Regardless 
of the test, normal thyroid hormone concentrations will 
vary with the laboratory and the kit; the lesl must be 
validated for the target species (i c dog or cal). 

Occasionally, T, concentrations may be of some diag- 
nostic benefit in the hypothyroid patient. Thyronine con¬ 
centrations should be measured in patients tor which a 

conversion defect (T* to Td is suspected. In such patients, 
even if receiving thyroxine supplementation, basal coucen- 

trations of 1 , may be low, and T, concentrations will be 

normal to high. The occasional animal may actually con¬ 
vert T* to Tj at a very high rate. Pbe no barbital and other 

drugs that induce enzymes may increase the metabolism of 
thyroid hormones and may cairn* decreases in either or 
both T: ami T*. When combined with X, and T , rT 

(which should approximate one-fourth to onc-tuilf «f the 

Ti concentration) may help differentiate hypothyroid from 
euthyroid animals whose T> and X concentrations are 

falsely decreased. 

The TSH stimulation ted has not proved useful in the 

diagnosis of hypothyroidism in cats but is useful for dogs. 

Bovine TSH is used as the provocative agent, The dose 
and testing time vary (Feldman and Nelson, IWh, but 
generally T. concentrations are measured 4 to 8 hours after 

administration- Although the responsiveness of the thyroid 

glam! to TSH depends on the duration of disease and 
severity of thyroid gland atrophy; the hypothyroid animal 
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Figure 32 1 Synthes t»f thyroid bonama. Iodine is concern rated in the apical fld colloal At die same time, thyrughsbuUn is sy tithe*! «d by the 

smooth emtJjyl-iisfnic reticulum and (iiilp app^r jilts At the jpiul sell surface, itiyiuttldbulin an) then tynismc are italinaiied, lariatyrasyl pracunari are 
coupled Id fa™ thyronine thyiusme, muI jII are suited in eolkiid Thyroiinc pefuxidase mediate! iodini/4ibon of the ihyroplotmUndkH^>tyroy| 
complexes Vi hen - ip n.ik4 hs thyroid-stimulatm*! 1 hormone iTSHh ihymg Inhwhn las j colloid droplet) is engulfed by ptnocytovs into Ihe apic*l tell, 
LysoMHiuJ degradation rtlcases thyronine and thyronine, which L-etler liu= blood stream. jtiJ the iudoly rosyL jwpeurvife. front which iodine is relej i-J 
iind recirculated The thyroid hormone* reach target ti^iKi Mihl to a circularnp perenn Once inside the cell. thymxine i* converted to thyronine, the 
physiologically active thyroid hormone. TjimcIs of thyroid hormone inhibition include adnunisjraoon of radiouctisc iodine, which is accumulated in 
active cells, ultimately leading to their destruction: methinuzok, im inhibitor of thyroid peroxidase (controls hot does rxn curcK and « krol of peripheral 
tissue response to excessive thyroid hodaume release. 1 = iodine. 
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moncs on the bean- Thyrotoxicosis probably increases the 

responsiveness of the myocardium to the catecholamine 
by increasing (he number of catecholamine receptors. 

Baseline and Provocative Testing 

Baseline concentrations of either T or T 4 can be used to 
diagnose hyperthyroidism (Peterson, 1982; Feldman and 
Nelson, 1996), The diagnosis of hyperthyroidism may re¬ 
quire several serial T 4 measurements av the disease prog¬ 
resses if initial concentrations are border line The effects 
of severe non thyroid disease may mask hyperthyroidism to 
some degree Provocative testing can 'be used lo facilitate 
diagnosis of hyperthyroidism in cats with high normal 
concern rations. Feedback inhibition of TSH by peripheral 
hormones is the basis of the T-+ suppression test. Scrum T : 
concentrations should be decreased by ai least 50% after 
seven doses <8 hours apart) of T, |25 g), Response to TSH 
also can be used to detect the hypcrthyroiil animal. Serum 

T. concentrations should increase in respond to TSH {1.0 
HJ/kg IVj in the normal animal Neither a twofold increase; 
or an increase to 40 ng/mL; or an increase of 25 ng/mL 
above haselineh A greater response should lie anticipated 
in the hyperthyroid animal. 

Sc vend radionuclides a-re concentrated by active follicu¬ 
lar cells of the thyroid gland. Uptake of radioactive iodine 
or pertechnetate can confirm hyperthyroidism as well as 
delineate functional thyroid tissue, establish the extent of 
thyroid involvement, and detect metastasis. The radionu¬ 
clides differ in onset of action, half-life of decay, destruc¬ 
tion to surrounding tissue, incorporation into thyroid gland 
or thyroid hormones, and cost and availability. Radioactive 
iodine is ultimately incorporated into thyroid hormones as 
part of the tyrosine groups. In contrast, pertechnetate is not 
bound to thyroglobulin or stored in the thyroid gland. 

Iodine-131 is inexpensive and readily available hut has 
a long decay half-life 18 .1 days). Scanning cannot occur 
until 24 hours after the injection. Both p- and y particles 
are eliminated by todinc-131, thus increasing total body 
expo&ure, Compared with iodine 131, iodine 123 has a 
shorter half-life (13 hours) and emits no (J particles. Al¬ 
though more ideal for scanning, t 1iJ is more expensive. 

Perxechnelatc has the shortest half-life (6 hours), and im- 

■ 

aging can occur within 20 minutes of injection, Perlechnct- 

ale results in Use smallest amount of exposure to radiation 

Use of radionuclides to treat hyperthyroidism is discussed 

later. 

Drags Used T» Control Hyperthyroidism 

Hyperthyroidism may be controlled with methimaznle (ini¬ 
tially, depending cm severity, 10 to 15 mgMay; based on 
monitoring, 2 5 to 10 mgfcat orally divided every 8 to 12 
hours) ami propylthiouracil (10 mg/kg or 50 mg/cat orally 

every 8 to 12 hours) (Feldman and Nelson, 1996, Peterson, 
1982). Both can be used as either the sole drug to manage 
hyperthyroidism or in preparation for surgery Although 
both drugs effectively reduce circulating thyroid hormone 
concentrations lo normal levels, die incidence of adverse 
reactions is higher 120'S to 259fcjj after propylthiouracil 
therapy (Peterson, 1981, 1984). Side effects include vom¬ 
iting, anorexia, lethargy, thrombocytopenia, and immune- 


mediated hemolytic anemia- Both drugs block synthesis of 
thyroid hormones Mid, specifically, thyroid peroxidase 
activity necessary for coupling of tyrosine residues by acting 

as a preferential substrate for the enzy me. Thyroid hormones 
(T and T+) are not secreted. Carbirrwole is a methimazoLe 
pro-dmg currently used in Europe but not available in (be 

United States, It appears in he equal in efficacy and safer 

than either methimazole or propylthiouracil. 

Methinwole appears to be ox effective as, and is lo.nget - 
acting and safer than, propylthiouracil (Thoday and Moo¬ 
ney, 1992: Feldman and Nelson, 1996b Adverse effects 
occur however* in up to 15% of cats. The most common 
side effects of methimazole are anorexia, vomiting, and 
lethargy* Often, these clinical srgns resolve despite contin¬ 
ued administration. Several less common side effects might 
require cessation of therapy. Severe gastrointestinal signs 
(vomiting Mid diarrhea) may not resolve. Self-induced ex¬ 
coriations of the face and neck may occur within the first 
6 weeks of therapy and may be responsive to glucocorti¬ 
coid therapy. 

Hepatotoxicity is largely reversible and should resolve 
if the drug is discontinued. Hematologic abnormalities that 
may nor be associated with pathology include eosinophiliu, 
lymphocytosis, and transient leukopenia. In some cases, 
however, these dyscrasias become severe and clinically 
significant; in particular, thrombocytopenia and agranulocy¬ 
tosis have been associated with methimarole therapy. The 
mechanism of hematologic disorders induced by methima- 
zole is not understood. Although the phenomenon is undoc¬ 
umented* cats receiving methimazole may exhibit pro¬ 
longed bleeding despite normal platelet counts, in human 
patients receiving propylthiouracil, vitamin K therapy has 
reduced bleeding caused by hypoprofhrotnbinemia; how¬ 
ever, the benefits of vitamin K therapy have not been 
studied in cats receiving thyroid peroxidase inhibitors 
(Graves. 19%). Immune-media ted hemolytic anemia, not 
uncommon with propylthiouracil, does not appear to occur 
with jnethimazole. Serum antinuclear antibodies may de¬ 
velop particularly at high doses (15 mg/dayl but they are 
not associated with lupus-like syndrome 

Because many of the side effects of mcthimaznle are 
dose dependent, the daily dose should be maintained it 
the lowest effective. Individual variation in metbimazole 
disposition necessitates monitoring serum T 4 levels every 

2 to 3 weeks to determine therapeutic efficacy and to guide 
dosing regimens (Peterson, 1982; Thoday ami Mooney, 
1992; Feldman and Nelson, 1996) If T* concentrations fall 

to few or low normal, the dose should be decreased by 

2 5- to 5-mg increments. If concentrations foil to fall, the 
dose of' methtmazole can be increased in. 5-mg increments, 
A complete blend count and platelet count should be mea¬ 
sured at 2- to 3-week intervals during induction of therapy. 

A total 1 dose of 25 to 30 mg/day may be necessary to 
control thyroid hormone concentrations in some cats. Be¬ 
cause adverse reactions can occur at. any time, T, concen¬ 
trations should he measured monthly until stabilized and 
then at 3- to 6-month intervals. Decreased T. concent ration 
ikies not necessarily indicate that the dose of methimazole 
needs to be decreased. Thyronine concentrations apparently 
art more able to remain normal than X, concentrations 
during therapy because conversion of T + to T> is not inhib¬ 
ited. Because mcthimazole remains in the intrathyroidal 
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thyroidectomy One (u two drops of a saturated solution of 

potassium iodide can be administered lti gelatin capsules 
beginning 1,0 days before surgery- 


DISEASES OF THE PARATHYROID GLAND 
A bn&rma f Calcium Homeostasis 

The parathyroid glands function in calcium homeostasis 

and are very sensitive to changes in serum ionized calcium 
concentration* fWingaid et. al„ 1995). Calcium homeosta¬ 
sis is accompli shed by the integrated influences of parathy¬ 
roid hormone (PTH) on calcium and phosphorus reabsorp¬ 
tion in the bone anil distal renal tubular cell and by the 
intestinal absorption of calcium mediated by 1,25<h hy¬ 
dro Ky choice* I ci feral (vitamin D) (Fig, 32-3), Hypocal¬ 
cemia causes increased FTH secretion, which in turn causes 
increased calcium resorption from urine (distal renal tu¬ 
bule), increased mobilisation of calcium and phosphorus 

from bone. and increased vitamin D synthesis. Parathyroid 

hormone mediates the conversion ol vitamin D to its active 
form (Fig 32-4). Serum ionized calcium concentrations 


normally fluctuate less than 0.1 mg/dL Renal and. to 
some degree, bone activities mediate the acute response to 
calcium homeostasis. Intestinal reabsorption of calcium, 
which replaces calcium reabsorbed from bone, may take 
several days to occur, in part because of the time necessary 
for synthesis or activation of vitamin f> (Feldman and 

Nelson, 1996b 



Cessation of PTH secretion from the parathyroid glands 
results ip the Joss of mobilization of calcium from the 
bone, the loss of calcium mention in the kidneys, and the 
loss of absorption from the intestine. The primary clinical 
manifestation of hypoparathyroidism reflects decreased se¬ 
rum concentrations of calcium. Hypocalcemia and. in par¬ 
ticular. decreased concentrations of ionized calcium bad to 
neuromuscular hyperexe liability. Hype reachability occurs 
as the stabilizing influence of calcium on sodium perme¬ 
ability in the neuronal cell is lost. Although both the* central 

and peripheral nerves are affected, clinical signs of tetany 
are usually peripheral in nature, ranging from a latent 
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tetany (muscle cramping, lameness, irritability), to muscle 
lascicu I at ions and stiff gait, to tetanic seizures. The concen¬ 
tration of ionized calcium below which tetany develops has 

not been established. Indeed, cerebrospinal fluid concentra¬ 
tions may he more critical and may remain liable despite 

fluctuation m scrum concentrations. Despite the importance 
of calcium in cardiac contractility, hypocalcem k dogs gen¬ 
erally lIo not develop clinical evidence of cardiac dysfunc¬ 
tion. 

The need for calcium therapy can be based on serum 
calcium concentrations, Seram PTH concentrations also 
might prove useful in the diagnosis of hypoparathyroidism 
(Feldman and Nelson. 19%; Chew el aL 1996). Total 

scrum calcium concentrations of 6.5 mg/dL might he con¬ 
sidered critical; below 6 mg/dL generally results in clinical 

tetjnv and below 4 mg/dL may be fatal. Although 5U'* ol 

total scram calcium is bound to albumin and globulins, 
correcting serum calcium concentrations for scrum protein 
deficiencies docs not appear to improve the detection of 
hypocalcemia. On the other hand, patients with hypopro 
teinenua or h vpoal bo m i ncmia are not predisposed to hypo¬ 
calcemia because ionized calcium concentrations remain 
normal, Hypocalcemic patients may be hyperphosphateraic 
as renal phosphorus excretion decreases. Hypomagnesemia 
(serum magnesium <L2 mg/dL) may contribute to the 
development of hypoparathyroidism, Primary hypoparathy¬ 
roidism in dogs can reflect destruction of the parathyroid 


glands by disease (lymphocytic paraUiyraiditis) or trauma, 
including surgical removal. 

The most common cause of hypoparathyroidism in cats 
is injury or removal of the parathyroid gland after surgical 
removal of the thy mid glands Secondary hypoparathy¬ 
roidism can accompany several diseases in dogs, and treat¬ 
ment should be directed at hoih correction of hypocalcemia 
and the underlying cause if possible. Causes of secondary 
hypoparathyroidism include acute renal failure (e.g,, ethyl¬ 
ene glycol toxicity or urethral obstruction); chronic renal 
disease (increased PTH may not be able to adequately 
maintain serum calcium concentrations); acute pancreatitis; 


nutrition (diets containing low calcium to phosphorus ra¬ 
tios); and phosphate-containing enemas. Hclampsiu nr puer¬ 
peral tetany is not an uncommon life-threatening cause of 

hy put alee in ia in lacturing bitches and queens. 

Treatment of secondary hypoparathyroidism should in¬ 
clude treatment of any underlying cause. Because PTH 

replacement is not possible (not commercially available), 
hypocalcemia and hyperphosphatemia initially should be 
treated with both calcium and vitamin D, Note that oral 
absorption of calcium may be insufficient until vita min D 
replacement is adequate Once vitamin D replacement is 
adequate and the patient is eating, oral calcium supplemen¬ 
tation can be discontinued. 

Hypocalcemic tetany is a life threatening condition, re¬ 
quiring immediate IV replacement Because calcium can 
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severe, the patient should be Lreatci) fyj 111 pV f fflf il 

l>t-c bduw). 
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Hyperparathyroidism (Hypercalcemia) 

The nnrvt common cause of primary hyperparathyroidism 

is neoplasm (functioning adenomai of the chief celts of the 
parathyroid gland (Feldman and Nelson, 1996), Hyperpla¬ 
sia of flic parathyroid glands si, multiple endocrine neopla¬ 
sia* and hereditary hyperparathyroidism are less common 
causes. Secondary hyperparathyroidism generally occurs as 

calcium and phosphorus homeostasis becomes «nbalanced 

(e g , renal ur nutritional seoDtulary hyperparathyroidism). 

The commonality of causes ol primary hyperporathyoidisrn 
is the loss of the normal feedback mechanism of calcium 

in the parathyroid gland. High circulating concentrations 
of PTH will increase calcium and phosphorus mobilization 
from bone Initially, increased renal filtration and excretion 
of phosphorus mainia n normal to shghth low serum [Hios- 
phorus concentrations the Nine reabsorbs calcium in 
response to PTH. Hypercalcemia, hypophosphatemia, and 
hyperphospbaiuria develop due to excess PTH and vitamin 
D, The sequelae of ihis classic triad include nephrogenic 

diabetes insipidus; initially increased, then decreased glo¬ 
merular filtration rate. ncphrocalcinosis; toft tissue mineral 
teation: and fibrous osteodystrophy of all bones, bid panic- 
ularly the skull. Clinical signs include polyuria* polydipsia* 
listlessuess, depression, inappctcncc, and weakness and 
muscle wasting, Muscle shivering or twitching may occur 

in some animals: vomiting and constipation, pancreatitis, 
renal failure, and gastrointestinal ulceration may also occur. 

Hypercalcemia of malignancy results from tumor metas¬ 
tasis to boric, tumor-induced parathyroid hyperplasia, and 
production of bone-resorbing chemicals. A number of me 
diaiots arc associated with the hypercalcemu of malig¬ 
nancy, including PTH "like peptides* vitamin D or related 
sterols, thyroid hormone, and prostaglandins. Hypervita- 
mmosis J> can result from excessive inuike of uutmin H, 
Toxicity may not be evident until the drug has accumulated* 
which may takes several weeks to months depending cm 
the prodtKL Occasionally* hy percalce mia may accompany 
hypoodrcnocorticism or chronic renal disease. Hypercalce¬ 
mia may also accompany bacterial or fungal osteomyelitis 
or other syndromes associated with inflammation and mac¬ 
rophages and lymphocytes that may secrete hone-resorting 
factors. Hypercalcemia associated with rodemicide tchole- 
caluferol) toxicity tan be lethal within 72 hours after 
ingestion. 

Therapy of Hypercalcemia 

Treatment of hypercalcemia should be aimed at correcting 
its underlying cause and preventing ncphrocajcmosjv IT 
calcium is sufficiently high to cause clinical sign* (dehy dca- 
tton. uremia, card j at arrhythmia, or neurologic dysfunction 
or weakness), symptomatic therapy should be implemented.. 
Fluid therapy should correct fluid deficits and begin caJc?- 
ui es ix. Physiologic saline at two to three times maintenance 
therapy ;s the fluid of choice because it promotes calc jure 
sis. Potassium supplementation also may be necessary. 


LifeiiMnilit tipcalaiM iniiiii tr treated wiUi an 

1Y injection [25 io 75 ing/dogj of sodium eitoylfitHhamine 

(etna-acetic aad fLDTA), which will cbeltrte and thus re¬ 
duce iomzed cakium. FIH \ is nephrotoxic, however, and 
acute rcml failure may be a sequela of therapy. 

Metabolic acidosis will increase ionized calcium ax ex¬ 
cess hydrogen ions displace calcium bound to scrum pro- 

reins. Bicarbonate therapy may be indicated to correct 
the acidosis. Once fluid and acid-base deficits have been 
corrected to the hypocalcemk patient, potent diuretics 
(loop diuretics such as furosemide) will ensure maximal 
urinary sodium and thus calcium excretion. Glucocorticoids 

also promote calciuria and impair calcium absorption from 

the intestine xml t«k mitt resorption Irutti bone. ( lueocurti- 
coids should be withheld* however, until the cause of 
hypercalcemia has been identified, particularly if lympho¬ 
sarcoma is suspected, in order not to interfere with diagno¬ 
sis and treatment. Phosphate also can be administered IV 
lu lower calcium concentrations, Pho* phi mule* (etridonatc 
and p&midrtmaie) are related to the metabolic byproduct 
pyrophosphate. They inhibit osteoclast activity. Poor oral 
bioavailability leads to 3 V administration. Veterinary doses 

have not been established for these 'drugs, Care should be 

taken with rate of administration. To avoid soft tissue 

mineralization, verum calcium and phosphorus concentra¬ 
tions should he monitored. Infusions should be stopped if 

serum phosphorus concentrations exceed 6.0 mg/dL or if 
calcium c»meeiumi:onx do not decrease or if they decrease 
hy 2-3 mg/dL, 

Calcitonin reduces osteoclast bone reahsorplion and may 
cause a temporary decrease in serum calcium concentra¬ 
tions. The dose of (salmon) calcitonin has ml been estab¬ 
lished for small animals; 400 to 1000 U have been admin¬ 
istered in human patients, leading to a serum calcium 
concentration decrease of 3 mg/dL in about 4 to 12 hours. 
In veterinary medicine* the drug has been used to treat 

cholecalcjferol mdenticide toxicity Doses every 12 hours 
range from 4.5 to 13 U/kg SC cm dogs and 4 C/kg IVI in 
cats. Plicamydn is a cancer chemotherapeutic agent ihai 
can reduce serum calcium concentrations. Humans respond 
within 48 hours after a single dose; effects last for several 
day s, but re-treatment may he required ii the underlying 

cause of hypercalcemia is not treated. A dose of 0*5 jig/kg 
once or twice weekly corrected serum calcium concentra¬ 
tions in one dog t Feldman and Nelson. 19%?, 

Surgical correction of primary hyperparathyroidism may 
require postoperative management of hypocalcemia within 
1 to 5 days after surgery, even in some patients with tumor 
excision (.tirophy of normal li-vue should be expected). 

Ultimately, both vitamin D and calcium can be withdrawn 
from animals whose parathyroid function becomes normal. 
Vitamin D therapy should he discontinued firs* hy a gradual 

extent ion of the nme between administrations; serum cal¬ 
cium concentrations should be checked at frequent intervals 
(see earlier discussion). 



Secondary hyperparathyroidism ns a result of chronic renal 
disease reflects the abnormal calcium, phosphate, and 
calcitriof metabolism accompanying the syndrome. In hi*- 
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mim patients with renal failure* intestinal calcium absorp- 

lion dec reaves lHsu. 1997)* Urinary calcium excretion also 
declines with progressive disease, probably doe to d* 
creased tiller loads or increased parathyroid hormone. The 
balance between the two movements results in a slightly 

negative serum calcium balance, and balance can be main¬ 
tained with appropriate dietary intake In normal humans. 

the daily phosphate balance tends to he slightly negative or 
equally balanced With declining renal function, phosphate 
concentration* increase. Phosphate restriction helps de¬ 
crease the rate of progression of renal disease, w hieh devel¬ 
ops in part due lu apparent calcium-phosphate deposition in 
the kidneys with subsequent interstitial fihmsiv In human 
patients* restricting phosphate intake cars he sufficient to 
prevent secondary hyperparathyroidism either by increas¬ 
ing calcitriol and suppressing secondary' hypetpafathyroid- 
ism or by inhibiting parathyroid cell prolifetation. Dietary 
restriction of phosphate is, however* difficult to achieve. 

Although phosphate-binding agents help to control 

phosphate metabolism in renal failure, they also may be 

inadequate. Plasma calcitriul may he perceptibly decreased 
in early renal failure due to loss of renal tissue, phosphate 

retention, and inhibition of n ,-hydroxylase by uremic tox¬ 
ins tHsu, 1997) This adaptation to renal disease critical 
to prevent excessive caktum retention and tissue calcidea¬ 
tion, Thus, use of calcitriol and urol calcium supple menu 
non lo maintain calcium balance in patients with renal 
disease is implemented most safely in those patients in 

whom a negative calcium balance can be maintained. Re¬ 
striction of phosphate intake alone currently remains the 
most appropriate mechanism for maintaining cakrom-phos 

phale balance in [he patient with renal disease. Future 
therapies may include ferric ammonium citrate: ferric salts 
apparently precipitate phosphate in the intestinal lumen, 
limiting its absorption (Hsu* 1997), 

DISEASE Of THE PANCREAS: 

DIABETES MEULHirS 

Normal Physiology 

Glucagon viinmlates liver conversion of glycogen into glu¬ 
cose and the metabolism of none a rf>*’hydrates, such as 
amino acids and lipids* into glucose or glucose precursors 
(lipids to laity acids and glycerol) blood gluco>c 

amcCfttrations stimulate glucagon release from a -cells of 
the pancreas. Should glucose concentrations become ton 
high, insulin secretion ta stimulated from the fi-cells of the 
pancreas. Insulin's effects are the exact opposite of those 
of glucagon It acts to decrease blood glucose* Insulin 

stimulates the formation of glycogen from glucose in the 
liver and inhibits the peripheral formation of glucose from 
art urn > acids and lipids The peripheral effects of insulin on 
insulin-dependent tissues such as muscle arid adipose tissue 
are lo facilitate diffusion of glucose through cells. A.s a 
result* amino acids are synthesized in muscle* and fat is 
synthesized and stored in adipose cells. Insulin is also 
regulated by a negative feedback that is sensitive to glucose 
concentrations in the blood As glucose concentrations de¬ 
crease. less insulin is released from the pancreas. anti 
blond glucose m longer decline*. As insulin concentrations 


decrease, insulin-dependent cells can no longer utilize 
blood glucose* whereas insulin-independent cells* such as 
neurons (which obtain glucose by simple diffusion}* can 
continue to use any glucose Thu remains in the blood. 

Diabetes is a progressive disease characterized by four 

stages in human patterns* Prediabetic patients are normal 
but subsequently develop the; disease; MibclinicaJ diabetes 
can only be diagnosed by sophisticated provocative tests; 
latent diabetics are clinically normal bui respond abnor¬ 
mally to glucose; and overt diabetics have penitently 
high fasting blood glucose concentrations. The duration of 
progression from stage 1 to stage IV can be weeks to years, 
depending on the type of diaheies, 

Diabetes rod lit us has been classified in small animals 

as type I and type 2. Type I is insulin dependent (IDDMl, 
whereas type 2 diabetes, is. non-insulin dependent (NIDDM) 
and develops despite adequate secretion of insulin (Nelson, 
1992). Causes of type I diabetes in animals may include 
hereditary factors and pancreatic destruction by pancreati¬ 
tis. viruses* or autoimmune disease. Type 2 diabetes may 
reflect a relative insulin deficiency. A set point that controls 
blood glucose may be reset at a point that is too high; 

insulin secretion by pancreatic islet cells may not be suffi¬ 
cient to match the hyperglycemic stare. Although glucose 
uptake by peripheral tissues is impaired, and glucose syn¬ 
thesis continues by the liver, the ketotic slate is generally 
avoided by the presence of some insulin. 'The sequelae of 
[B-cdl insensitivity to glucose cart be worsened if peripheral 

receptors become less sensitive to insulin, as might occur 
in obesity; in the presence of diabetogenic hormones such 
as glucocorticoids, T* glucagon, growth hormone, proges¬ 
terone, or epinephrine; or in the presence of selected drug', 

including glucocorticoids and progestogens, 

A third class of diabetes has been used to describe the 

preclinicaJ or sub Intern diabetic dog or cat. In contrast to 
human diabetics* animals with type 2 diabetes may pro¬ 
gress to lype 1 diabetes. Diabetic patients (especially cals) 
can appear clinically normal despite therapy for months to 
several years before the disease progresses, Cals may move 
between both classes. Non-insulin-dependent diabetes in 

the cat may remain sufficiently compensated for long peri¬ 
ods of time with clinical signs of diabetes and insulin 
dependence more likely to develop during periods of stress 
or with obesity* 

The importance of dietary' management of NIDDM pa¬ 
tients needs to he underwork because these patients may 
not respond lo insulin therapy. Therapy is complicated in 

animals that are insulin dependent by the return of the 
non- insulin -dependent stole. 

Overt diabetes is diagnosed by persistent hyperglycemia 
(>200 mg/dU- However, u definitive diagnosis of diabetes 
mcilinis may be difficult to make. Mild hyperglycemia 
such as that induced by stress or selected diseases (eg,, 
hypcradrcmicortici.un) may result in gLucosuriu. In cats, 
blood glucose concentrations may reach 400 gm/dL in the 
mm diabetic state. Thus, diagnosis of diabetes must he 

based on blood glucose and the presence of the classic 

s)gns of diabetes: polydypsia, polyuria, polyphagia* and 
weight loss. Unfortunately, these clinical signs arc not 

unique to diabetes and other differentials must be consid¬ 
ered Hospitalization of the patient and reevaluation of 

blood glucose after the patient has adjusted lo the new 

CoDvriahtod n 
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Ixt of body tissues influenced by endogenous glueocoili- 
coids. The reader is referred to the chapter on glucocorti¬ 
coid therapy (Fig- 32-5). No screening lest stands out as 
the best; each has strengths and weaknesses. Diagnosis is 
best based on history, physical examination* and ACTH 

stimulation 01 low-dose dexaruetliasone suppression. 


Hasdinc ami Provocative Testing 

Cortisol is the major glucocorticoid secreted by the adrenal 
gland Baseline cortisol concentrations can be siudicd with 
a variety of tests that detect both cortisol and corticosle- 

ronc. Diagnosis til hypcradrcntvorucism can be supported 

by several screening tests (Feldman* 1983, 1996: GupiHl* 

1997; Peterson. 1994. 1982 ). The urtnarv cortisol-to-cre- 

■r 

■tine ratio is a simple, effective screen for spontaneous 
hypcradrenocorticLsm in the patient with normal renal func¬ 
tion Resting (morning} cortisol concentrations are not hem 
elicial by themselves bui they can be used in conjunction 

with provocative tests. The A< TH stimulation test is the 

most common screening test. Animals with maximally re¬ 
sponding adrenal glands should respond to ACTH stimula¬ 
tion by secreting large amounts of cortisol Low- and 
high-dose dexamethasone suppression tests provide further 
confirmation of iatrogenic versus spontaneous hyperadreno- 


curticism as well as discrimination among causes of spent u- 



do 






* 1996). 

Several protocols liave been described for the ACTH 
test. The animal should he fasted for 12 hours; testing 
begins before 10 \ m . After collection of a baseline sample* 
0.125 mg feals) and B.25 mg/kg (dogs) of synthetic ACTH 

is given intramuscularly lor IV in the cat) or 2.2 
porcine ACTH gel is given intramuscularly (dog and cat). 

Plasma cortisol is collected at 30 and 60 minutes in cats 
and 60 minutes in dogs for the synthetic ACTH. For 
porcine ACTH. samples should be collected 2 hours after 
injection for the dog and at I and 2 hours for the cat. 
Normal values should be determined by each laboratory. 

Most laboratories* however* use similar assays. 

In general normal baseline cortisol concentrations are 
between 0.5 and 6.0 p.g/dL in dogs. In dogs at 60 minuies. 

cortisol concentrations between 17 and 20 |j,g/dL are bor¬ 
derline* and concentrations more than 20 p.g/dL are sugges¬ 
tive of hyperadrenocofflieism. In cats at 30 minutes, cortisol 
concentrations less than 13 pg/dL after ACTH *ue normal; 
between 13 and 15, borderline; and more than 15.0 pig/dL. 

suggestive of hyperadrenocorlieism. Ratios of baseline to 
posts! imu Lit ion cortisol concentrations do not appear to be 

informative. Up to 20% of dogs with spontaneous hyperu- 
drettocorticism will respond normally to ACTH; thus the 
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test is not absolutely reliable and should be used in con¬ 
junction with clinical signs a* a screening test fFeldman 
aid Nelson, 19%). 

Chrome nonet ktiocrine diseases, including unregulated 
diabetes, can complicate interpretation due to both false- 

negative and faJse-pevsitive rtsuLv Because adrenal tumors 

often retain surface ACTH receptors, approximately 60** 

of dogs with hyperadrcnocortici&m associated with adrenal 

tumors will respond in an exaggerated fashion u> exoge- 
nous ACTH (Feldman and Nelson, 1996), whereas up to 
40^' may have a normal test. The ACTH stimulation test 

is the best method for discriminating be?ween spontaneous 

and iatrogenic hyperadrenocodicism. 4 low normal base¬ 
line cortisol with little to no response to exogenous ACTH 

suggests iatrogenic Jiy peradrcnocurtk ism, The ACTH test 
also should be used to monitor patients receiving Lyvodren 
(cr selegiline) therapy. 

In the normal animal, a low dose of dcxumeihaxonc will 
suppress ACTH secretion, and plasma cortisol concentra- 
lions should rapidly decrease iwithin I to 3 hours), re¬ 
maining suppressed for 24 1o 48 hours. Cortisol should 
decrease to less than 1 p,g/dL in the normal dog and cat 
for 8 hours after treatment w ich 0.01 mg/kg dcxameihasone 

IV Concentrations between LOand I 4 |xg/dL are nondiag- 

noslic (Feldman and Nelson, 19061, Dexamethosone should 
he used because it will not cross react with test reagents 
Patients with pituitary-dependent tumors, hyperadrenocorti- 
cism, ot adrenocortical tumors will continue to secrete 

cortisol, and suppression will not occur. A retrospective 

study of dogs with hyperadrenocorticism submitted to nec¬ 
ropsy found very good correlation between the low-dose 
dexamethasone and ACTH response test (agreement in II 
of 12 patients) (Van Lieu et al., 1997). 

Endogenous ACTH concentration* (.range of 10 to lit) 
pg/mL: average 45), i t available, can he used to distinguish 
pi tuiLary-dependent hyperadrcnocuilicisni from adrenal tu¬ 
mors The laboratory of submission should he contacted 
before collection to idenlify the correct sampling vial te,g., 
chilled, nonglavs vials containing LDTA) and sample han¬ 
dbill Eeg„ immediate harvesting of plasma and freezing). 
Addition of apratinin may facilitate accuracy of ACTH 
{Feldman and Nelson, 19%). Samples should be collected 
between 8 and 9 am after an overnight hospitalization. Less 

than K) pg/ml is suggestive of an adrenocortical tumor; 

concentrations of 45 pg/mL or greater are consistent with 

(not diagnostic of) pituitary-dependent hyperadrenocorti- 

cimti The h*gh-dose dexatnethasonc suppression lest might 
also distinguish between pituitary -dependent disease arid 
adrenal tumors High Joses of dexamethasone are generally 

sufficient to cause the overactive pituitary gland 1o decrease 
ACTH secretion. The adrenal tumor will not. however* he 
inhibited. After collection of a baseline cortisol concentra¬ 
tion, 0.1 mg/kg dexameihasone is given IV, and a second 
sample is collected 4 to 8 hours later. Suppression is 
defined as u 4. to H-hour plasma cortisol level less than 
50*4 of the baseline. Approximately 25 r . of dogs with 
pituitary dependent hyperadrenocorticism w U not sup¬ 
press. The low-dose and high-dose dcxamethawmc tests are 

usually performed in tandem. 

Therapy 

The goal of drag therapy for hyperadrenocorricism is to 

normalize cortisol secretion by ihe hyperplastic adrenal 


glands (Feldman el aL. 1992b Kint/er and Peterson. 1994; 
Feldman and Nelson, 19%l. Currently, there is no drug 
therapy that will cure the pituitary-dependent hyperadrenal 
patient. Life-long therapy should be anticipated, Milotane, 
m R,p H -DDI> (Lysodrcn) has been the drug generally recog 

nized for treatment of pituitary -dependent hyperadrenocor- 
ticiMn and is useful only in dogs (Feldman et aL 1992b: 
Feldman and Nelson 1996; Peterson and Kintzer, 1997). 
A chlnrinaled hydrocarbon, miiotane is adrenocorticolyric. 
causing progressive necrosis of the /«a fa-*riculata, /.tma 
reticularis, and zona glnmcnilosa. The toxin is specific for 
the adrenal glands, particularly the hyperplastic gland, with 

one exception. In normal animals, miiotane ha* caused 
fatty degeneration and centrolobular atrophy of the liver. 

Although the disposition of miiotane has not been well 

established in dogs, safety has been studied in a small 
number of animals Normal animals tolerate the drug at SO 
mg/kg 5 days out of 7 for months with no apparent adverse 
effects. Adrenocortical function will, however, K impaired, 
Therapy of hyperadrenocorticism with mitotanc occurs 
in two phases; an induction phase and a maintenance phase 
(Feldman and Nelson* 19%. Peterson and Kintzer, 19971, 
For induction, o.p DDD is dosed. 25 mg/kg every 12 
hours until clinical signs of hypeiadrenoconicism begin to 
resolve. Specifically, water consumption should decrease lo 
less than 60 mlAg per day Fhe animal's apatite should 
return u> normal; the rate of ingestion of the meal may be 
the earliest indicator of effective therapy. The animal 
should he fed two meals per day. one before each treatment. 
Therapy should be discontinued if the patient vomits or 
diarrhea develops. The time to response will vary with 
each animal Most will respond in 7 to 14 days, with an 
average time to response of about 11 days in dogs If a 

therapeutic aid pant has not been reached by 21 days of 

iherapy. an alternative diagnosis should be considered 

Some dogs may, however, lake 60 days or longer to re¬ 
spond. The ACTH response test should be performed 

weekly during induction to monitor response to therapy 
and to document ibe end point of induction Maintenance 
therapy i* indicated when baseline and pnst-ACTH cortisol 

concentrations are less than 5 p.g/mL 

Maintenance therapy will be necessary for the rest of 
the animal's life, although the dose and frequency may 

vary. In the absence of maintenance therapy, the adrenal 
glands will once again become hyperplastic in response lo 

Continued ACTH secretion from 'the pituitary gland. The 
more rapid the response of the animal to induction therapy, 
the more sensitive the animal is lo mitotanc, and the lower 
the maintenance dose will need to be, Rapid responders 

(within SO days sensitive animal*} begin treatment at 25 
mg/kg and resistant dogs at 50 mg/kg once a week. The 

ACTH response test is repeated at l- to 4-monih intervals 
and used as a basis for interval or dose adjustment. Concen¬ 
trations in cither the baseline or (he response test indicate 
that (he dose needs to be increased or the interval short¬ 
ened, Relapses should be expected and reacted to accord¬ 
ingly. 

If clinical signs of hypcradremororticism are not evident 
before therapy is begun, evidence of mitotanc toxicily must 
be more closely sought in order lo guide di*« adjustment. 

Adverse reactions lo an overdose generally manifest as 

anorexia, vomiting or diarrhea. Overdosing is new unusual 
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because dogs generally requite life-long therapy, li adverse 

read ions develop with the rceommeixicd dose, they gencr- 
ally appear on the third or fourth da) of therapy; therapy 
might begin on a weekend to ensure easier contact between 
the pet owner and the veterinarian. The drug can lx- discon 
tinned far a brief period £3 v> 4 days) if gastric irritation, 
weakness, or other signs of toxicity develop. Dose reduc 

non may be necessary for some animals thii develop ad’ 

verse reactions Adverse reactions also can he treated by 
supplementation with glucocorticoids i5 to JO mg predniso¬ 
lone] as long os clinical sign> persist; mitmane should he 
discontinued during this lime, 

R marine administration of glucocorticoids during mito- 
t«ine therapy is discouraged because it will be difticult lo 

monitor clinical signs or the ACTH stimulation lest if the 

patient is continuing to receive glucocorticoids (Spencer ct 
al. 1980; Touiain el aJ , 1994), The patient must have been 

off glucocorticoid therapy for at least 3 days before an 
AC I'M response test is performed Very rarely, mitotane 
therapy can cause a deficiency of mmeralocurticoid ami 
■subsequent electrolyte abnormalities Prednisolone has 
tunic niincralocorricoid activity (triamcinolone has little 
and ifcxamethasune none) and may be sufficient for miner 

alocorticoid supplementation in such cases. Alternatively, ;t 
mineralocorticold such as fltidnxortisofie may be indicated 
Occasionally. some animals develop central nervous sys¬ 
tem signs of numi,me toxicity* including apparent blind- 
ness, ataxia, bead pressing, ind aimless wandering. These 
signs may iku appear for several months lo years after 
therapy ift begun, and other diagnoses (i.e., central nervous 
system turnons) must be ruled out. The drug should he 
discontinued for 3 to 4 days; dose reduction may he neces¬ 
sary tor some animats that develop adverse rociious, 

1!" therapy for byperadrcnocorticism is successful, other 
clinical Mgns of the disease or its complications will gradu¬ 
ally resolve l rinary tract infections should resolve in sev¬ 
eral weeks (antibiotic therapy may be necessary); an es- 
trous cycle in uncstroiis patients may 1, occur within several 
months of completing therapy Resolution of si me cdnic.il 
signs (c,g-, skin manifestations, calcinosis cutis, nonhealmg 
wounds) will take 3 to 6 months or longer Development 

of a puppy coal or a change in hair color may occur. 
Resolution of clinical laboratory changes <i,e rF liver en¬ 
zymes and cholesterol) may take up to IS months. The 
diabetic Cushingoid animal w ill require more careful moni¬ 
toring because insulin resistance will decrease as mitotane 
therapy becomes effective. Generally, large doses of insulin 

arc necessary to control clinical signs of diabetes in these 

animals {sec curlier discussion) until the adrenal gland r& 

no lunger hyperactive, Grille should be checked for glucose 
several times during tlx* day as mitotane therapy is begun; 
a negative result indicates that the insulin dose needs to be 
reduced b\ about 20^ Some diabetic animals may not 
require insulin therapy after their adrenal disease is sue- 

cess fully treated. 

Lack of response to mitotane therapy indicates a diagno¬ 
sis other than hypcradremx'orticism, or non-pi tuitary-de¬ 
pendent hvperadrcmx’orticivm. Other causes of hyperaidren- 
ocorticism include an adrenocortical tumor or iatrogenic 
hypoadrenocorticism. Other diseases that cause polypha¬ 
gia, polydipsia, and polyuria must be ruled out. Included 

in tins category arc diabetes me I Situs and the effects of 


drugs such as aniiconvulsants Occasionally* therapeutic 
failure results from an old drug that has lost its potency. 
The done may be too low some animals may require doses 

op to 13(1 mg/kg pet day for 1 to 2 months. 

Selegiline (1 -deprcnyl) is a monoamine oxidase inhibi¬ 
tor. These compound* inhibit the degradation of biogenic 
amines and, most notably, dopamine. Thus, they are used 
to treat dopamine-deficient conditions such as Parkinson's 
disease in human patients Many of the human diseases 
responsive to selegiline are age related This includes pilu 
ita*y-dependent hyperadrenocorticism Restoring dopamine 
may inhibit overseererion of AtTH (sec Tig- 32-5). Unlike 

other momxuriine oxidase inhibitors, selegiline is specific 
for monoamines in the brain (monoamine oxidase Bi; 


hence it is a safe drug. The net effect is normalization" 
of dopamine concentrations n the brain, Regulation of 
the hypothalamic -pituitary axri is improved* resulting in 

correction of the hyperactive adrenal gland without causing 
hypoadrenocorticism. The drug hm been studied for treat¬ 
ment of pituitary-dependent hypcradrenoeurticism in dogs 


M 1 to 2 mg/ kg. per day and was successful in five of seven 
dogs. Side effects are rare, even at several limes the dose 
As with other drugs, therapy must be for ’the lifetime of 

the- animal (Bruy cue et a). t 1997). Treatment should begin 

at 1 mg/kg orally once a day for 30 days. If no response 
has occurred by that time the dose should he doubled for 
an additional 30 days, failure to respond at that time may 
indicate the need for an alternative therapy. The primary 
disadvantage of selegiline is its cost. Several generic ver¬ 
sions of L-deprenyl are available. Although the bierquiva¬ 
lency of the generic preparations is the same among them- 
selves, however, they all differ (are Icm buna variable) front 
the original product, L-deprenyl (Rldepryl), Comparisons 
with I he animal product Anipry I arc not available. Thu*. it 
is wise to avoid the generic oral preparations until studies 
have established the appropriate dose for dogs. Deprenyl 
might be used lo delay the time he fore mitotane must tie 
srafted. However, the use of deprcnyl was recently studied 

in 10 dogs with PDH (Reusch* 1999), The dogs were 

studied for ft months at a dose of .2 mg/kg once daily. The 

study found no differences in serum cortisol at the begin¬ 
ning or end of die study; ihe disease of only 4 of the 10 

dogs was successfully suppressed by Ihe stud) 1 s eml These 
findings suggest that deprcnyl may not \k useful as the 
sole agent for treatment of .PDH. The combined use of 

mitotane and deprcnyl warrants consideration, with mito¬ 
tane providing a rapid response but deprenyl providing 


maintenance control. 

Several other drags have been used with variable de¬ 
grees of success in hyperadrenal animals that cannot toler¬ 
ate mitotane Aiuiscnotonin drags such as c y proheptadi ne 
(0,3 to 3 mg/kg once daily orally) act to prevent semtonin- 
mcdiutcd release of ACTH from the pituitary. These drags 

are characterized by a low success rate: in addition, seroto¬ 
nin suppresses the appetite, and antagonism by cyprohepta¬ 
dine increases the appetite. Bromocriptine (0.05 ntg/kg 
every 12 hours orally) is a dopamine agonist thai has been 
used to treat some human patients with pituitary-dependent 
diseases, particularly those that are associated with prolac¬ 
tin-secreting and growth-hormone-secreting pituitary tu¬ 
mors. Efficacy in dog* with pituitary-dependent hypera- 
drenoenrticisun (doses ranging from 0.01 to 0.1 mg/kg) has 
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(growth humicnc-releasing hormone) and inhibiting in.i- 

mato&tatin factors released from the hypothalamus in re 
sponse lo complex ncurohumoral regulatory mechanisms 
Neurogenic stimuli include adrenergic (ah dopaminergic, 
and cholinergic stimuli; metabolic factors that cause GH 
secretion include nutrient metaholiles and hypoglycemia 
Secretion ofGH results in feedback inhibition to and subse¬ 
quent release of somatostatin from the pituitary gland. 

Diseases involving GH usually result from Gil detl- 
Liervcv or GH excels. Conditions associated with a defi- 
cicncy include pituitary dwarfism and GH-ncsponsivc der¬ 
matosis, Acromegaly is a disease associated with excessive 
secretion of GH in response to progesterone therapy or 
spontaneous disease Clinical signs of growth hormone 
deficiency include abnormal! growth Dermatologic mani¬ 
festations include bilaterally symmetric alopecia of the 
trunk and severe hyperpigmentation. Clinical signs- of acro¬ 
megaly reflect either anabolic or catabolic abnormalities. 

The most common is inspiratory stridoi 1 due to soft tissue 
accumulation m the thorax) arid its accompanying sequelae. 
Increased body si/e results from proliferation of hone and 
connective tissues, particularly of the limbs feci head, and 
abdomen Thickening of the skin may be present. Catabolic 
effects result in insulin antagonism and manifest as signs 
typical of diabetes. 


Diagnostics; Provocative Testing 
Deficiency 

Changes in GH concentrations m response to stimulation 
can be used to diagnose disorders of GH secretion. Cloaiv 
dine and xylarinc arc a-adrenergic agonists that will cause 

increases in circulating GH. The dose foi clonidinc varies 
(3 to 30 pg/kg); higher doses have been associated with 
Longer periods of hyperglycemia, aggression, and sedan on 

compared with xylarinc i 100 to J00 pgAgl. Plasma 
pies for holb tests should be collected before administration 
and at 15. 3<k 45, GO* and 90 minutes after administration. 
Dogs with GH deficiencies do not respond to clonhline or 
xylazine. Xylaziiw is a sedative used as a small animal 
anesthetic agent that is structurally similar to clonidinc 
Growth hormone- -re leasing factor has been studied in dogs. 
Administration of human GH-neleasing hormone increased 
serum GH twofold to fourfold in normal dogs compared 
with no increase in dogs with suspected GH deficiency. 


Hypers eerrtion 

Provocative testing for the diagnosis of acromegaly has 
not been reported m dogs; basal GH concentrations can be 
used diagnostically. Growth hormone is stable at — 20 D C 
for prolonged periods of lime 

Therapy 

Drficiency 

Cirowth hormone is available as human, beef (10 IU 

subcutaneously every other day for 30 days), and. pork (2 
HJ subcutaneously every other day for IflOdays). Beef and 

pork at 0.3 [U/kg subcutaneously (divided into two or three 
doses each week'll juc biologically active in the dog. Ther¬ 


apy should be discontinued once dermatologic signs have 

re sol ved.. 

Hypen ecretion 

Progesterone therapy should be discontinued if it causes 
acromegaly, if (3-celt activity of the pancreas has. become 

impaired, permanent diabetes mdlitus may develop. Cur¬ 
rently, no medical management li m proved effective for 

treatment of acromegaly in animats. 



Diabetes insipidus results from either a deficiency in vaso¬ 
pressin secretion at its interaction with its target receptors 
in the distal and collecting tubules of the kidney. Vasopres¬ 
sin is secreted, along with oxytocin, from the neurohypo- 
pbysii, It differs from oxytocin by only two amino acid 
substitutions Changes in plasma osmolality and blood vol¬ 
ume are- the major stimuli that cause release of vasopressin. 
Vasopressin is. pswiatd with both pressor and aniidi- 
uretic effects; the primary effect can be manipulated by 
structural changes Whereas arginine vasopressin (AVP) is, 
ihe predominant hormone in most animals, it is associated 

with strong pressor actions. Substitution of p-arginine for 
L-arginine ia[ ammo acid H) and modihcation of cysteine 
yields a powerful antidiuretic. The resulting chemical is I- 

deam intM K-Oargi nine) vasopressin (DDAVP. desmopres¬ 
sin), which is the comr lercial I y available synihetic product. 

Arginine vasopressin interacts with receptors m vast' u iar 
smooth muscle (V, phosphaiidyltnosiiol-depcndent recep¬ 
tors) and renal epithelial cell* (Vc-AMP-dependent re¬ 
ceptors). The analogue DDAVP primarily interacts with V, 
receptor*. 

In the collecting duct, vasopressin "open* pores'* in the 

cell membranes of the duel epithelium, allowing water and 
solutes to follow a concentration gradient. Hence, fluid 
moves into the hyperosmotic environment surrounding the 

ducts. The sxscular system fvasa recta) surrounding the 


ducts distributes the water into systemic circulation. The 

hyperosmotic environment surrounding the collecting ducts 
is maintained* and urine production decreases. Up to 
ol the fluid filtered by the glomerulus and not absorbed in 
the proximal nephron will be reabsorbed under the presence 

of vasopressin. In the absence of s jxoprgssiru the perme¬ 
ability of die distal and collecting tubules becomes resistant 

10 movement of water or solutes (most notably urea). 
The hypotonic filtrate formed in the proximal nephron is 

eliminated unchanged., resulting in a water diuresis charac¬ 
terized by a large volume of urine with a low osmolality 

Vasopressin deficiency, or central diabetes insipidus, re* 

xultx from insufficient AVP (total or partial) release from 

the pituitary. Polyuria and polydipsia are the clinical signs 
that tend lo catch the attention of pet owners. Animals With 

partial insufficiency can concentrate urine but rarely above 
.015 to |.02lk Nephrogenic diabetes insipidus reflects an 

inability of the distal and collecting ducts to respond to 
AV R. The modified water deprivation test is used to distin¬ 
guish the causes of polyuria and polydipsia Plasma vaso¬ 
pressin concentrations also may help distinguish between 
central and nephrogenic diabetes insipidus. Finally, provoc- 
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A major advantage of treating di&ea*«N of the ■'kin is easy 
access to the Nile of disease Drug delivery can he facdi¬ 
lated by topical therapy, and response can he based on 
visual examination fclinical signs.) rather than solely on 

supportive diagnostic aids The advent of 1 epical drug 
therapy has also, however; led to a plethora of systems 
designed to deliver drag to the skin, its upper layers, 
through the. skin, and, in some instances, into systemic 
circulation. The result is an innumerable list of products 
that vary in active and inactive ingredients This chapter 

approaches ireatnveru of skin diseases, by first discussing 
drags that are intended for topical administration and then 
drugs intended for systemic therapy. Finally, sped lie skin 
diseases are addressed. 


ANATOMY AND PHYSIOLOGY OF THE SKIN AS 
THEY RELATE TO DRUG THERAPY 

The skin is the Sargest organ of the body, accounting for 
1 2^r of body weight in the adult dog and 24 % in the puppy 
{Pa vie tit; 1991), Although structurally canine anti feline 
skin markedly vane* from human skin, some similarity is 
maintained among the species Generally; skin is thickest 
on the head, dorsum, and plantar and palmar surfaces of 
the feci; thinner on the ventral abdomen, medial aspects of 
the limbs, and initer pinnae; and thinnest on the scrotum 
{Riviere and Sp€H3, 1995). The skin is perforated by several 
appendages the number and structure of which varies 
among the species. In cats and dugs, these include hair 
follicles, sebaceous and sweat glands, and nails. 

Histologically; the skin is composed of the epidermis 
and dermis. Dermis is essentially composed of connective 
tissue, including collagen, elastin, and reticular fibers, and 
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amorphous ground substance, Ii can be roughly separated 
into a dense, deeper reticular layer that connects the dermis 
to (he hypodermic (composed mostly of fat) and a more 
superficial, loosely pocked papillary layer, fhe dermis con¬ 
tains m arterial and venous network that provides nutrients 
to the epidermis and receives topically administered drugs 
able to penetrate this region, which distribute to the rest of 
the body i Riviere and Spoo. 1995 k Cutaneous blood How 

rates tan .affect percutaneous absorption of drugs. Cutane¬ 
ous blood flow in the dog and cat is greatest in the skin of 
the ventral abdomen .and pinnea (Riviere and Spoo, 1995), 

'Tins fact, coupled with skin thickness, leads to these re 
giotts serving a'' the site of drug delivery for many topically 

applied drugs intended to have systemic effects. 

The epidermis tv composed of stratified squamous kera¬ 
tinized epithelium that undergoes sequential superfk isl dif¬ 
ferentiation. Five layers of keratinocytei exist, with the 
stratum basok being deepest followed by the stratum spifto- 
sum. stratum granulosum. stratum lucidum, and. the most 
superficial layer; stratum cocneum, Among these layers, the 
stratum comeum is the most important to topical drug 

therapy because it is ihe primary barrier The stratum cor- 
neum consists of several layers of dead cells, which present 
a significant lipid barrier to drug penetration. The thickness 
varies wilh ihe area of line body. The cells are aligned to 

minimize water loss and ire surrounded by a plasma mem¬ 
brane that serves a* a barrier to movement into or out of 
the skin (Riviere and Spoo. 1995). 

The epidermis is anaerobic (Riviere and Spoo. 1995) 

because of the absence of capillaries that directly provide 
oxygen io the cells (Riviere and Spoo. 1995) Despite the 

fact (hat 30*$ of the total energy requirements of the skin 
occur by anaerobic glycolysis, the skin is mclabolically 

active. Drugs that are able to pass through ihe comeum 
potentially are subjected lo drug-metabolizing enzymes 
similar to those in the liver. The skin has a great capacity 

m 
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to synlhesizc lipids, which tire Incited in the extracellular 
Unlcredlulai I malenaL the primary barrier to drug penetra¬ 
tion in this region of the epidermic (Riviere and Spoo. 
1995k Lipids are import am to intercellular cohesion, per¬ 
meability (barrier), function, and normal desquamation of 
nurture comeocytes (While. 1995), Ef^demia] lipids include 

both tret and cm entied fatty acids* sphingloUpids, free and 
esientied cholesterol* and phospholipids (White, 1995), 
rhe lipids form a bilipid layer, with the hydrophobic and 
hydrophilic ends aligning within themselves (Riviere and 
Spoo. 1995) As the epidermis differentiates, the fatty acid 

component tends to increase. Alterations in the lipid layer 

result m the release ol orjchidonic acid and the subsequent 
formation of inflammatory mediators Keratin is the major 
protein of the skin and is the foundation of the hah (Riviere 
and Spoo. 1995). 


PRINCIPLES OF TOPICAL 




Topical drug therapy Ls indicated as initial therapy unlit a 

definitive diagnosis can be made lie., while waiting for 
results from diagnostic tests), as an adjunct in systemic 
therapy, and as sole treatment for selected specific dermato- 
logic diseases A definitive diagnosis t»f the cause of the 
skin disease should be made tl possihlc before any masking 
treatments have been initiated. Therapy may be based on 

the morphology of skin lesions if further diagnostics yield 
no useful data. The clinician must tic able to distinguish 
between primary and secondary Lesions. Primary Lesions 
develop as a direct result of the underlying disease. Second¬ 
ary lesions may evolve from the primary lesion, trauma 
(e.g.. scrauhingj induced by patient response to the lesion, 
or medications. The c linkian must also be aisle to recognize 
or discriminate between acute versus chronic, deep versus 
superficial, or benign versus malignant lesions. 

Clinicians should he very familiar with one or two 
drugs from each class (e.g.. one keratoly t ic * two topical 
antifungal*), Lesion* should he evaluated frequently to 
assess therapy ,nd the need to modify treatment because 
of treatment failure or adverse effects. The clinician must 
know the adverse effects o| each drug and anticipate and 
look fur evidence of these effects. Clients; must be well 
educated regarding topical drug agents and the need for 
compliance. Several principles can guide effective use of 
dermatologic agents. 


Drug Movement and th§ Skin 

The skin functions as a barrier in prevent loss of water. 

electrolytes, and macromokxuks and to exclude external 
agents (chemical* physical, and microhiologic) from the 
internal environment The stratum comeum is the layer of 
the epidermis that is primarily responsible for Uro physical 
barrier because of the abundance of keratin and the con¬ 
figuration and content of the intercellular lipids. Topically 
applied drugs can be absorbed hy three routes; (hey are, in 
mder of importance or magnitude, the stratum comeum 
(between rather than through the celhfi hair follicles, and 
sweat or setaceous glands Movement of drug through the 
stratum comeum occur* by passive diffusion Only a very 5 


small proportion of topically applied drug penetrates the 
stratum comeum Despite the alignment of the lipid layer, 
hoth Lipid-soluble and water-soluble drugs can pass through 
the stratum comeum* although passage may occur through 
the appendages. More drug is likely to pass through the 
skin of hctiv ily haired animals because of (he larger number 
of hair follicles. 

Before a drug can move through the stratum comeum. 

n must first move out of (he vehicle. Thus, factors thal 
afreet percutaneous absorption are not limited to the drug 
hut include factors involving (he vehicle. Drug movemeni 
through the skin has beeri marhciruiticaCJy described (3 ieks 

law) (Riviere and Spoo, 1995) to be directly proportion! J 
to the partition coefficient between the vehicle and the 
stratum comeum, the concentration of drug dissolved in 
the vehicle, the diffusion coefficient, and the surface area 
of the skin in which the drug is applied. Percutaneous 
absorption is inversely proportional to the depth of the 
stratum comeum (and additional layers), The driving force 
for absorption, us with any drug movement, is concentra¬ 
tion of diffusible drug. The higher (be concentration of 
dissolved drug in the barrier I stratum comeum), ihc greater 
die diffusion “gradient,” Drugs wiih u high degree of 
lipid solubility achieve higher concentrations in the stratum 
comeum because it is lipophilic. Ljorge drug molecules are 
ahsorbed less readily. 


Vehicles 

A vehicle is a substance used in a medicinal preparation 
as the agent for carrying the active ingredient. Occasion¬ 
ally, the vehicle is therapeutic, but usually it is inactive. 
The vehicle of a topical agent con profoundly affect move¬ 
ment of drug into the skin. Two topical medications may 
have the same active ingredient at the same concentration 
but have different vehicles and thus markedly differ in 

efficacy A drug must be sufficiently soluble in a vehicle 

such (hat ii can distribute throughout the vehicle ami thus 
come in contact with the skin m diffusible form. It cannot, 
however, he mi soluble in the vehicle that it does not leave 
the vehicle and thus penetrate the skin. Vehicle selection is 

critical to effective topical therapy. A vehicle nut only acts 

as a carrier but also cm have a direct impact on the skin 
and thus on drug movement. 

CTuinreterlstics of u Vehicle 

The physical and chemical characteristics of the vehicle 
and tiie drug largely determine drug movement The parti¬ 
tion coefficient describes ihc relative affinity of a hy¬ 
drophobic phase and a hydrophilic phase. The greater the 
partition coefficient, the greater the affinity between the 
drug and the lipid phase of the skin, which generally results 
in an increase in percutaneous absorption of the drug. Once 
the skin is penetrated, however, the drug must be jMe to 
leave the lipid phase of the skin if it is to reach systemic 

circulation. Drugs with very high partition coefficients tend 

lo remain in the lipid layer, causing a reservoir effect. A 
paitiiren. coefficient of I k desired for topical medicaments 
(Riviere and Spun. 1995k 

The rate of vehicle penetration through the stnniun 
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comcum also influences percutaneous absorption. If vehicle 
penetration of the stratum comeum is more rapid than 
penetration of the skin, the concentration of ding in the 
vehicle on tk surface of the skin increases, perhaps u> the 

point of precipitation, slowing absorption. Evaporation of 
the vehicle will cause the same effect (Riviere and Spew. 
I995i. Some vchicles are Used to facilitate drug movement 
into the skin For example, dimethylsulfoxide is so hygro- 
scupic that it readily moves through the skin, carrying 
many drugs with lit 'The vehicle may contain ingredients 
(e*g„ Tweenj intended to facilitate percutaneous drug ab¬ 
sorption by altering the integrity of the stratum comcum. 
Disruption of the 1 composition or lipid orientation of the 

stratum contemn enhances drug penetrability. A vehicle 
that hydrates the comeum facilitates drug penetration Gc- 
clusiun of the skin increases hydration; vehk les can oc¬ 
clude by preventing skirt transpiration, the passageof water 
vapor from tlw skirt. Occlusive bandages also can be used 
to facilitate drug absorption. Water associated with hydra¬ 
tion alters the compact structure of the comcum, decreasing 
resistance to drug movement. Dehydration of the stratum 

comcum decreases drag absorption; rchydrahon might be 

indicated before drug application. 

Other patient factors (hat influence drug movement in¬ 
clude the integrity -of the barrier presented by the stratum 

comcum. Drug absorption dramatically intrease* if the skin 
has been, traumatized, such as might occur with rubbing a 
medicament vigorously onto die skin. Prior removal of 
debris on the surface of the skin (dirt, blood, and hair) can 
increase drug absorption, as can increasing the temperature 
of ihe skin (with sweats or water). Enhanced blood flow to 
the area might force drug into tile hair follicles and through 
the stratum comcum. A warmer environmental temperature 

also might increase drug movement into 'he skin* 

Many vehicle* are represented in the commercial prod¬ 
ucts for veterinary use, ‘'Compounding' - nf dermatologic 

products is a relatively common practice in veterinary 
medicine. Although this can often provide a safe and effec¬ 
tive therapeutic agent* one must keep in mind (hat the 
effect of ihe vehicle on bioavailability of the active ingredi* 

ent(s) caw be profound. The resulting product may he 
end rely ineffective due to lack of absorption, or ii may 

cause toxicity an a result of systemic absorption. 


Types of Vehicles 


Water itself can be therapeutic. Bathing w ith water vehicles 
icspecially shampoos) contributes to dermatologic therapy 
by removing debris* including potential allergens, bacteria, 
and other organisms, from Ihe skin surface and rehydming 
and cooling the skin (if cool water is used! fKwochka. 
|995a) The addition of other drugs (lhampom. soaks, and 
dips or rinses) to water, forming an aqueous solution* 
suspension, or lotion* can create other therapeutic effects, 
Aqueous medications are often the topical treatment of 
choice for acute exudative dermatoses. 


Shampoos, a type of water vehicle., can be very 1 effective 
adjovanis for the controI of dermatose s i Kuochka, 

1995a + hb In general, contact time should be at least 10 
minures. Shampoos generally are administered once to 
twice weekly. Examples of shampoos with therapeutic in¬ 
tent include hypoallergenic shampoos, which are cleansing 


and moisturizing; antipruritic shampoos, which often con¬ 
tain colloidal oatmeal along with antihistamines, anesthe¬ 
tics i pramoxine hydrochtoride>. or cortisone Vh: oi insecti¬ 
cidal shampoos containing compounds inch as pyrcdirins, 
carhary), and permelhrin Application oi rinses, sprays, or 
Sot lows can enhance the residual effect of shampoos 
Rinses generally are applied after a shampoo and are 
not necessarily intended to hr completely irased from the 
coat. Incomplete rinses may increase the residual effect of 
(he drug but also may leave the coat greasy feeling and 

dull (especially long-haired coats). Rinses include cream 
rinses (generally rinsed off the animal) .t»d aqueous rinses 
(generally not rinsed off)- Aqueous rinses also can be 
applied a* a soak, which should Iasi at least 10 to 15 
minutes. Powders intended to he applied as soaks can be 

placed in cheesecloth or nylon stockings before placement 

m water. 

Lotions are liquid or semi liquid combinations of active 
ingredient with a water, alcohol, glycerin, or propylene 
glycol base. Often the liquid base evaporates, and a thin 
film of powder remains u#i (he skin For this reason, lotions 
may have a drying effect on the skin Examples include 
calamine lotion and conofite lotion (antifungal). Lotions 
also ,-uc available with a variety of antipruritic and parasitic 
medications. 

Both aerosol and pump sprays are available for many 
veterinary products. Those with alcohol bases may he dry¬ 
ing to the: target area. Animals may need to be dipped lo 
facilitate penetration of the hair coat- Foams consist of a 
mixture of finely divided gas bubbles interspersed in :i 
liquid. These preparations provide an effective way of 

spreading a small amount of liquid ovei a large surface 

area A potential draw bock is the noise of the application, 

which may frighten the patient. Both sprays jM lotions 

mity be easier to use than creams and ointments, especially 

for dogs with long hair coats. 

Creams ami ointments are mixtures of grease or oil and 

water that are blended together into an emulsion, in gen¬ 
eral, ointments are greasy to ihe (ouch mid form an occlu¬ 
sive layer over the skin, reducing water loss. Creams are 

smooth to the touch and, once applied to the skin, are 
rapidly absorbed or evaporate ri c , there is no occlusive 
layer left on the surface of the Atnj, In general, creams and 

ointments are contraindicated in exudative areas. Examples 

include triple antibiotic ointments and creams and hydro¬ 
cortisone ointments and creams Hydrocarbon buses are 
emollient being composed of vegetable oils and animal 
fatv Examples include oleic .acid, paraffin* petrolatum, and 
wax. They generally ore hydrophobic and occlusive, caus¬ 
ing die stratum comcum to hydrate. They are greasy, how¬ 
ever, and cannot be washed off. Anhydrous absorption 
buses contain little to no water but readily accept large 
□mounts of water while maintaining a thick consistency 

Examples include hydrophilic petrolatum and anhydrous 
Lanolin. 

Emulsions are oil and water combinations Waier-oil 
emulsion bases are water-washable base* that ore easily 
removed from the skin surface The oil phase generally is 
petrolatum with an alcohol; the aqueous phase may be 

water, propylene glycol, polyethylene glycol, or glycerin 
Oil-water emulsion bases ire composed of an aqueous 
phase dual is greotet than the oil component. These tend to 
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tec water washable, mwigreasy, and noiwec lusi vc. Finally, 
water-solublc■ based ointments have ;mj hydruphobi c lipid 
tease, They are completely water soluble* do not hydrolyze, 

md do not support the growth of microoigamam contami¬ 
nants in the product IF the prcpiiral Urn is in a gelled 

toed iu in. the product is a get (e.g., a combination of propyl¬ 
ene glycol, propylene gulkile, mdhyleellolose, polyethyl¬ 
ene glycol, and others). Dimethyl sul frm i dc is commonly 
prepared as a gel (Riviere and Spoo, 1995). Cels are clear. 

colorless, and water miscible. Cels are becoming more 
popular tecause they can he nibbed inlet the skin to com¬ 
pletely disappear and do not leave a sticky feeling. Exam¬ 
ples of gels in veterinary medicine are Oxydex and Pyohen, 
Dime ihyltulfoxidc (DMSOj has the ability to allow 
some substances ordinarily unable to penetrate the skin to 
be carried through ic. Di methy Kid foxide is as waste producl 
of wood processing that has been used in a large number of 
topical medicaments In addition to its hydrophilic actions, 

DM SO is characterized by bacteriostatic an I i-inflamma¬ 
tory fihrinnjytie. and vasodilators actions. Topical analge¬ 
sia may reflect a thermal affect, which occurs with, direct 
applicalion fRiviere and Spoo, 1995). At concentrations 

greater than 70%, however. DMSO can cause skin irrita¬ 
tion In concentrations greater than 50%, DMSO lias been 
shown to enhance the percutaneous absorption of a large 

number of drugs* including glucocorticoids* antibiotics, 

hormones* and anti-inflammatories, Absorption increases 
as DMSO concentration reaches 100% (Riviere and Spoo* 
19951. DimethyUulfoxide increases percutaneous absorp- 

lion of fluocinolone >.n potent glucocorticoid) by a factor 

of five and other compounds by as much as a factor of 75.. 
Dimethyl sulfoxide is only approved for use in the horse 

(for traumatic musculoskeletal injuries) and the dog (in 
Synotic, a commercial ear preparation). Any other use for 
DM St.) is considered extralabel use foxic effects that 
should be considered when DMSO is used include teratoge¬ 
nicity (contraindicated in pregnant animals), potential for 
inducing degranulation of mast colls in underlying skin, 
and, in cats., hemolysis with hemoglobinuria and methemo 
globinuria. Dimethyl sulfoxide has been shown to induce 
Lenticular changes in animals and humans. Gloves should 
he worn when: DMSO is handled. 

Adsorbents ai i to bind potentially noxious agents, keep¬ 
ing them from damaging the skin, Protectant* provide an 
occlusive layer that physical!) protects the skin from the 
external environment. Together, these two classes of vehi 
cles are represented by dusting powders and mechanical 
protective* (kaolin, lanolin, mineral oil, petrolatum, zinc 
stearate) During powders generally are i nerr . composed 
of starch, calcium carbonate, laic, tiLaniiim dioxide, /me 

oxide, and boric acid. Snun^h-surfaced powder^ prevent 
friction, protecting abraded and raw skin. Rough or porous 
powder surface$ absorb water tending to occlude the skin 

surface when wetted, Rough powders should be avoided on 
moist or exudative lesions because of the risk of secondary 

bacterial or fungal infections. Care should be taken to make 
sure that powders, and in particular talc, are not used 
within a body cavity because of ihe potential lor a massive 

granulomaious response. 

Demulcents arc high-molecular-weight water-soluble 
compounds that reduce irritation. They, like protectants, 
can coal ihe surface of damaged skin, protecting the stra¬ 


tum comeiim and its underlying structures, and they inter- 
ently reduce irritation. Examples include mucilages. gums, 

dextrins, starches, mcihyledInloscs, and polyvinyl alcohol 

(Riviere and Spoo, 1995). Among those most commonly 

used in veterinaiy medicine are glycerin* propylene glycol, 
and polyethylene glycols. Glycerin* when used in high 
concentrations on die skin, can dehydrate and. irritate it by 
increasing iransepktefmal water loss, Propylene glycol is 
mlscthle with water: Like glycerin* it is hygroscopic, is not 
occlusive, and also is bacteriostatic and fungistatic. As 
such it might be considered the “ideal” vehicle, ll spreads 
easily on the -Ain surface, has a low evaporation rate, is 
mil greasy* and may hydrate father than dehydrate (he skin 
(Riviere and Spoo, 1995). Topical hypersensitivity occurs 
occasional]y. Several polyethylene glycols are available. 

They differ markedly in molecular weight, with the number 
directly correlating with size and viscosity. Polyethylene 
glycols that are 900 or above tend to be semi hard to 

waxy solids at room temperature; lower molecular weight 
products arc liquid. These comptninds are not easily hy¬ 
drolyzed but are very water soluble and norrioxic (Riviere 

and Spoo. 1995), 

Astringents cause precipitation of proteins .aid prevent 

exudation. Because of their inability to penetrate the skin, 

their action is predominantly on (he surface Many astrin¬ 
gent are also antiseptic. Astringents can arrest hemorrhage 

by coagulating plasma proteins lfeme chloride, silver ni¬ 
trate). Burow s solution js available commercially ,i> Do¬ 
me boro (aluminum acetate powdet or tablets) for use as 
an astringent in exudative dermatoses. Magnesium sulfate 
{Epsom salt) is not an astringent but acts to dehydrate or 
“draw” water from the tissue!*. 

Emollients are fatty m oleaginous substances that soften, 
protect, and soothe the skin. They are often used to make 
the cream or ointment vehicle in many dermatologic prepa¬ 
rations Examples include mineral oik petrolatum, glycerin, 
and vegetable ami animal oils,. In veterinary medicine, 
emollients are used as rinses after baths. Most of these 

chemicals have a characteristic "medicinal” odor that ap¬ 
peals to owners. 



Many topical products are commercially available (Table 
35—IX and many have multiple effects. Some of these 

agents arc also discussed in other chapters (c.g,, those on 
parasitology, (antibacterials, and antifungal*). 


A ntiseborrheks 

Anti seborrheic drugs include keralolyiics and keraioplas- 
tics. The appropriate antisehorrheic depends on the pit 
ticnTs condition (seborrhea sicca seborrhea oleosa). 
Sulfur is keratolytic (keraiolytics hydrate and soften the 
stratum ennveum, promoting its mechanical removal i and 

kenUnplaslic (keratoplasties normalize keratinization) It 

has a mild follicular flushing action hut is not a good 
degreaser. It also has antibacterial and antipruritic effects. 
Its keratolytic effects may reflect inflammation that ulti 

mately causes sloughing of the stratum come urn, Kera- 
toplastic effects probably reflect cytostatic effects (Riviera 
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A trim Ingredient 

Trade Narna 

Company Source 
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Active Ingredient 

Tftd* Name 

Company Saute* 

AntinienbMs 
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1 It ". ■ ifl J. ■!' . 1 , 1 :'. ■> 

SulfftuyildJi Shampoo 

DVM Ph^rnijH.'cisJj. al'. 

Hcnznyl pcnoiwltf dmnpw 

Fyohcm shampoo 

Al krdcrm/Virtiir 

Jt " vl (Vtuljde 1;.-. 1 ; 

Myudfi Etauml btfjus.uk? ShMpuD 

Min AiiotuI Hciikth 

niioahc^kiint 

OiiMtwxidnro \h.< r.;-. ■■ 

l)VM (■hatmit’eutiiraJi' 


Mulvivan Shampoo 

k*t IXKJpc 


Ni/oraJ Stmnpv 

J an h vai Pti arm eUCtea 

Micoiwole Fiilion 

rLetkm 

XIJhiv 1 ■" Vctmnary 

M - I .: -. 1 ..'ream 

fonnlik Cue am 

Millind nodi Vcti irtary 

29 Mscflfiijnlt ad 0 SS fhkwtMiiJiiHs. 1 >iiii mpoo 

Dcmuzolf Slum pew 

AlImkirrAitb^c 

l Ssrlt-mum sultMc 

Selsun Ki 2.571 Scleriiuii SnJIidc Lotion 
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Lind Spiny, I995l, Sulfur also has 3 mild follicular flushing 
LKiinn. Comii'.ercially available products containing sulfur 
include Scbbufon. Lylar. My code* Tar & Sulfur. ADAMS 
Sulfur Shampoo. and ALLERSEB-T, 

Sal. *7 Lie acsii is kcraioplasiic. bacteriostatic, and mildly 

amiprurnc. Ii is frequently used in combine ion with sulfur 
products, including most of the sulfur products listed cao 
her When salicylic acid is combined with sulfur, a syner¬ 
gistic effect results Ira stronger concentrations (69F-), it acts 
as a keratolytic, 

Coal tar is keratolytic and kcnitoplaslic and ha 4 - some 
degreasing action It is also frequently used in combination 
with sulfur and salicylic acid. CA*jiijiica: ial shampoos arc 

frequently used in veterinary medicine md include Lytar 
AllcrstbT, a ml My code* Tar & Sulfur Straight Uir batons 
should not be used in veterinary medicine, especially with 
cats. Coal iar preparations ore potentially irritating, photo- 
sensitizing. carcinogenic, and staining. 

Benzoyl peroxide (2% to is keratolytic. bactericidal. 

degreasing, and follicular flushing. It also is a strong oxi¬ 
dizer. free radrcuJ generator (hence, is antibacterial 1 . and 
antimicrobial (Riviere and Spoo. 1995), Benzoyl peroxide 
is rueUhobzed by viable epidermal cells in the skin to 
benzoic acid. In high concentrations, it can irritate the skin. 

It mi) he loo drying foi some pattens with seborrhea 

sicca. Commercial products available for \ eten nary pa- 
ti l' nis include Oxydex and Pyober shampoos. A gel form 
of 5T is available for veterinary use, primarily for treat 
mem of chin acne iMassinger. I^S) Other uses include 

fold pyodermas and local superficial or deep pyodermas. 

Resorcinol is a kcraiolytic agent also with baclcricidal 

and fungicidal effects. It is a protein precipitant that pro¬ 
motes keratin hydration, acting a> a kcraiolytic (Riviere 

and SptM). 1995). Ii often is combined with another kerato¬ 
lytic (e.g. t sulfur, sal sty Ik acid) (Riviere and Spoo. 1995) 
Selenium sulfide is anti seborrheic. keratolytic,, and km 
top-last ie bv virtue of its antimitotic effeels. Cell pmhfera- 
lion and sebum formal ion are slowed. It lends in he irritat¬ 
ing, however, and can stain hair Mucous membrane 
irritation may occur if accidental contact ticcurv. A product 
fof hitmans is Sekun Blue. Fatly ac ids ie.gr, nndecylenic 
acid (DescncxJ) are also k unite* lytic. 


UrtltMrids 

Retinoids are natural or xvmbette derivatives of retinol 

■ 

(vitamin A) that exhibit vitamin A activity (Fig. 35- I) 

iGxuiit et al.. 1995). Dermatologic effects of vitamin \ 

include epithelial differentiation. \ itamiti A deficiency 

causes metaplasia of glandular cpithdia; excessisc vitamin 
A causes keratinizing epithelia to differentiate into a secte 

lory epithelia (Power and Ihrke, I9W). The antikerarinizing 

effects are ihe target of drug therapy (Power and ihrke. 

1990) Retinoids lend to “normalize" the skin. Although 

natural retinoids have proved 10 he too toxic for clinical 

use, the synthetic products are characterized by specific 
effectiveness will] decreased toxicity. They tend to vary 
in bioa vail ability, in metabolism to active versus inactive 

metabolites, and in tissue distribution patterns, first-gem- 

alien compounds include retinol aiul its derivative* trcti 
noin and isotretinoin The second-generation products are 

synthetic and include etretiwic an;I! :l ltretm. approved for 

treatment of acne and psoriasis, respectively. The third- 
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generation compounds, arytenoids, arc in development 

(Guzzo tl al. t 1995). 

The effects of the retinoids include cellular proliferation 
and differentiation* immunomudubtion, inflammation* and 
production of sebum. fheir actions are mediated by retinoic 
acid receptors, members of the thymid/steroid receptors 
fGuzzo ct al, 1995 k Retinoids may influence genomic 
expression of cells by aJiering RNA synthesis, typical of 
other steroids. Tretinoin increases dermal thickness and 

granular layer thickness, decreases me la not y tic activity. 

and increase^ the secretion of a polysulfated glycosamino 
glycan intercellular matrix. In people, wrinkling is reduced, 
it is formulated as a 0.01*S to 0,1% topical preparation. 
Therapy begins with lower concentrations and gradually 

increases, Adverse effects include erythema, peeling, burn - 
ing, and stinging, which tend to decrease with time and 

are less likely to occur when the drug is prepared as an 

emollient 

Isotretinoin normalizes keratinizaiion of the follicular 

epithelium and reduces sebum synthesis and, in humans. 

Propritmobacierium notes. It is administered orally, how¬ 
ever, with cumulative doses being importanl to efficacy. 

Toxicity is manifested in the skin and mucous membranes, 
is dose dependent, and. in humans, may facilitate the 
growth of StaphytoctHXUS aureus. Dermatologic manifesta¬ 
tions include episiaxis, dry eyes, blepharoconjunctivitis, 

erythematous eruptions, and di> mucous membranes 
(Guzzo el al. 1995). Systemic manifestations can be mini¬ 
mized with short-term therapy and include increased liver 
enzymes, myalgia, and arthralgia. Teratogenicity occurs 
wttb all retinoids; the drugs generally are contraindicated 
in pregnancy. Isotretinoin was studied in dogs (Kwochka, 
1989). Four of 29 developed conjunctivitis, which resolved 
once therapy was discontinued. Cats may have u higher 
incidence of side effects, including periocular erythema, 

epiphora, and blepharospasm. The potential veterinary ap¬ 
plications of isotminriiin include selected abnormalities of 

sebum production such a*- primary idiopathic seborrhea and 

comedo syndromes. 

Etretinate a synthetic aromatic retinoid that is effec¬ 
tive for the treatment of inflammatory psoriasis. The aroti 

imids are highly potent aromatic analogs of retinoic acid 
and represent the third generation. It is extremely lipophilic 
and is stored in adipose tissue. Accumulation is sufficient 
to allow detection of the drug m people 2 (o 3 years after 
ils use is discontinued It normalizes keratin expression in 

epidermal cells, suppresses cheinoiaxis, decreases stratum 

comeum cnhcsjvencss. and may Impair cytokine function 
(Gu/xo ei al T 1995). Il is less likely than isotretinoin to 
cause conjunctivitis, but hair loss, cutaneous exfoliation* 
bruising, and liver dysfunction arc roorc common, Collec¬ 
tion of a baseline minimum database is recommended for 
people before its use. Its teratogenicity precludes use by 
women of childbearing age; owners of animals using the 

drug should be warned of its contraindications (Guzzo ct 
aJ,, 1995). The drug may no longer Ire available because 
of its adverse effects. 

The use of retinoids in clinical veterinary medicine has 
not been well established. Animals are not afflicted by skin 
diseases typical of those for which retinoids arc indicated 

in human patients (e g,, psoriasis acne) Use is limited by 

lack of known effects and indications, cost, ami the risk, of 


side effects. Dogs, however, appear to be more tolerant of 
the retinoids than humans (Power and Ihrke* 1995; 

Kw'ochka, 1989k Side effects that have ten reported in 

dogs include inappetaijce, vomiting, diarrhea, Ihiret* prur 
itis* conjunctivitis, dieliris, stiffness, and hyperactivity 
(Power and Ihrke, 1995). Keratoconjunctivitis has been 
reported in dogs {Power anti Ihrke, 1995; Kwochka, 1989), 
Tear composition changed, leading to more rapid evapo¬ 
ration. Schirmer s tear test should be monitored monthly 
for the first 6 months of therapy. Clinical pathology 

changes are rare, bul. monitoring before and 30 days after 

the start of therapy is recommended for clogs receiving 
symhethetic retinoid therapy ( Power and ihrke, 1995). In 
cats* the most common side effect is anorexia. Teratogenic¬ 
ity is a likely problem* particularly with etretinate, when 

used for intact females. 

rbe most common use of synthetic retinoids in dugs 

has been for treatment of keratimzation disorders of dogs, 
particularly primary seborrhea of cocker spaniels. Etreti¬ 
nate has been evaluated in spaniels with idiopathic sebor¬ 
rheic dermatitis (approximately 1# mg or 0.75 to 1 mg/kg 

per day orally). Animals generally respond well with a 
decrease in scaling, a softening and thinning of seborrheic 
plaques, decreased- pruritic and reduction in odor. Response 
occurs within 2 months and improvement continues for at 
least 2 more months (Power and Duke, 1995). The more 
severe the syndrome, the slower the time to response; 
discontinuation of therapy is likely to result in recrudes 
cence of clinical signs within 3 to 12 weeks (Power Mid 
Ihrke. 1990) The drag was minimally effective in the 
treatment of ceruminous otitis associated with seborrhea 
(Power and Ihrke, 1995), Maintenance therapy ranges from 
10 mg every other clay lo 10 nig daily, alternating 30 days 
on and 30 days off. Isotretinoin (1 and 3 mg/kg per day) 

appears to be much less effective (Powers and Ihrke, 1990). 

Neither isotretinoin nor etretinate ha> proved to be effective 

in West Highland white terriers, and etretinate w»* ineffec¬ 
tive in basset hounds Both etretinate and isotretinoin have 

proved effective in the treatment of schnauzer comedo 

syndrome (Power md ihrke-, 1990* 1995) and canine ich¬ 
thyosis. Newer applications of the synthetic retinoids in¬ 
clude hair follicle dysplasia (etretinate), which should re¬ 
spond in approximately JO days, and selected dermatologic 
cancers These include solar-induced squamous cell cam* 
noma (etretinate 2 mg/kg divided or iwc daily for 6 
months)* mycosis fungoidcs (etretinate or isotretinoin 3 to 

4 mg/kg divided or once daily), md selected benign cutane¬ 
ous neoplasms (multiple sehoedous adenomas* epidermal 
cysts, inverted papillomas and infundibular keratinizing 
acanthomas) (Power and Ihrke* 1995), 

Isotretinoin for the treatment of disorders of the seha 

ceous glands has been variably successful; success may be 

breed dependent, Tt was proved effective in sebaceous 

adenitis of standard poodles in one study but ineffective in 
another (Power and Ihrke, 1990). A higher dose (2 to 3 

mg/kg) has been recommended. Hair growth in poodles 

that do respond is abnormal, however, in that kinks ore 

lost. Vizslas appear to respond to isotretinoin very well 

(Power and Ihrke, 1990). In contrast, neither isotretinoin 
nor etretinate appears to be effective in sebaceous adenitis 
of Akitas, 

Retinoids appear to be safe for cats but do not appear 
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0,13% flea sprays but also up to 65% as spot lick products. 
Chlorinated hydrocarbons should noi be used (if there 

happens to be arty still on ilk* market). There nrfi twu 

types t'l cholinesterase inhibitors available: carbamate* and 

organophosphates, 

Carbamate* such as carbaryl are available m sprays, 
dips, collars, and premise-control sprays, and they are safe 

for dogs Eind cats Ibxicity ot carbamates as well as nrguno- 
phosphates reflects overstimulation of The parasy mpathetic 
system and should be treated with atropine and 2-pyridme 
aldoxi me mediy Ichloride. 

fefi 

Organuplkisphates are the most toxic insecticides used 
in veterinary medicine. With one exception, these agents 

should not be used around cats.. Care should be taken to 
avoid cumulative exposure if animals arc exposed to this 

class of insecticide in lawn and garden preparations. Exam¬ 
ples of commonly used organophosphates are ehlorpyrnis. 
(Dursban, Utiratrol). used for flea sprays and dips: Om/j- 

non. used for cn s ironmcrita] Ika anil tick control; mala- 

ihioci, used on both cuts and dogs and often combined with 

other insecticides (noncho]inesterasc inhibitors): phosmci 
(Paramiie Dip), useful for flea control but not effective for 
scabies; cythzoatc tProbanh a systemic insecticide: and 

fenthion (Pro Spot), topically applied for a systemic effect, 
Fipronil (Erontline) is a new synthetic molecule in the 
phenylipyta/ole family, h act* at y-aminobutyric acid 
(GABA i receptiirs and inhibits GABA-regulated chloride 

flux inlo the nerve cell. It is a flea adulliddc and has 

efficacy against ticks, if may also be effective against 
scabies miles Preliminary studies indicate good residual 
activity even after bathing. This product is available as an 
on-animal spray or as a spot-on product. 

Imidadoprid (Advantage) is a spot-on application prod 
uet (hat kills adult fleas. It works by preventing postsynap- 
tie binding of acetylcholine, leading to respiratory paralysis 
of Ihe flea. This product can be removed by bathing. 
Causik bums arid irritation can occur in cats. Ji must be 
applied every 30 day* to be effective 

Amitraz (Mitaban is a monoamine oxidase inhibitor. It 
is the only licensed product for treatment of demodioosis. 

Mitaban is also efficacious against scabies but is considered 
off-label use for scabies. This product rapidly oxidizes on 

exposure to Light and air. and the breakdown product is 

more toxic than the parent compound- Mitaban should be 
mixed fresh each time, and the entire contents should be 
used to avoid toxicity. Side effects include sedation and 
lethargy (sometimes for 24 hours), pruritus, bradycardia, 
hypothermia, hypotension, and hyperglycemia, Aroitraz 
should be avoided in epileptic dogs ami in animals receiv¬ 
ing behavior-modifying drugs. Yohimbine worts as a je- 

vef^ing iigcm. 

Ivermectin (Ivumec 1%) is a GABA igonist that leads 
to parasite paralysis. In mam trials. GABA in the central 
nervous system is protected by the blood-brain barrier. 
Ivermectin is a Large molecule that cannot pass the blood- 
brain barrier except in certain breeds It is efficacious 
agamst scabies, lice utodcctes (ear mites), and cheyletiella. 
Jt is not approved for usc in small animals for treatment of 
parasites other than as a heartworm preventive. Ivomec is 

rapidly absorbed orally or subcutaneously. The administra¬ 
tion min the ear canal is not recommended. It should 
not be used in collies, border collies, shelties, Australian 


shepherds. Old English sheepdogs, or any dug that looks 
like a collie. Also, it is not iccftmmetided for any animal 
kssi-* than 12 weeks of age Daily ivermectin has been used 

to treat il^nhiilictmis, hul it is. a Ireut risent of last reM'rt. 

Benzodiazepines are contraindicated for concurrent use 
Treatment of ivermectin toxicity is symptomatic and sup¬ 
portive. There is no good antagonist available. 

Milbemycin (Interceptor) has a similar action to ever 
niectin. Its use in dermatology is confined to daily oral 

administration for the treatment of refractory demodicosis, 
Theiapy ma) take 6 to V mouths, and relapses are common 
C i»st is a limiting factor. This drug is mH approved for use 
for demode x treatment. Although not coni vindicated in 
collies and collie-like dogs, cauiion is advised lor side ef¬ 
fects, 

Idea insect growth regulames (ICRs) are endogenous 
chemicals in insects that control the early Mages of their 
metabolism, morphogenesis, and reproduction, Synthetic 

compounds mimic the effects of the natural chemicals. By 
maintaining high levels during main rat ion and palpation of 
larvae, insects are prevented from developing. Natural lev¬ 
els decrease over lime and allow normal maturation. These 
product's- have no effects on mammals and are very safe 
They arc often combined with pyrethrins or pyrethruids to 
increase (he spectrum ol activ ity to include adults. Several 
pit ducts ore available: Metfroprene (Ovilrol) is a juvenile 
hormone analogue available for on-animal and environ 
mental use. It is degraded b> ultraviolet light and hormone 
esterase. Ecnoxvcarb (Basis) is a juvenile hormone mi met ic 
lhat is not degraded hy light or hormone esterase. It was 
recently discontinued, however, due to evidente oi cart int> 

m 

genesis, in laboratory animals. Pvriproxifen (Nylon is simi¬ 
lar to fenuxycarb and is the newest product on the market. 
Preliminary studies indicate very long residual activity 
even when the animal is bathed arid <.xctllent environmen¬ 
tal stability. 

Lufc nuron (Program) is a ben/oylphenylurea that inhib¬ 
its synthesis and deposition of chi tin within the ova and 
larval exoskeleton of developing flea-s. It is strongly lipo¬ 
philic and stored in adipose tissue with slow release into 
the blood vasculature, providing long residual activity from 
st single dose, tr does not affect adults <ir the amounts of 

egg. pupae, or vertebrate production. Recause of ibe slow 

absorption from the gastrointestinal tract, this product is 
given with food, Cats do not absorb this product a* well 
us dogs, and therefore a higher dosage on a per pound 
basis is needed for the some cflkacs and duration of effect. 
This product is very safe and carries no contraindications. 


Miscellaneous 

Pennyroyal oil is a volatile oil extracted troin plants in 

the mint family Due ro its limited efficacy and evidence 
of hepatotoxiciiy. this product is tm recommended l>- 

limonene is from oils of citrus fruits. Toxicides have been 

noted in the cat. especially depression, auuio. and toxic 

epidermal necrolysis. This product is not recommended. 
Tea-tree ml contains various OMnulcrpencs. Toxic Hies with 
this oil have been reported, and there is no scientific evi¬ 
dence to support dm ms of ns efficacy. 
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SYSTEMIC DERMATOLOGIC THERAPY 


Systemic dermatologic therapy js indicuied for diffuse. 

serious, or chronic conditions (Table 33-2). 


Antimicrobials 

Antimicrobials indicated for the treatment of dermatologic 
disorders are discussed in Chapters 1(1 and 11.4 number 
of antimicrobials are effective for The treatment of bacterial 
skin diseases (pyoderma), Among Lhem„ care should be 

taken when using sulfonamides, often selected as first 

choice, because of their ability to suppress the synthesis of 

thyroid hormones (see Chapter 32). A study in 2f> dogs 

receiving sulfamethoxazole (with trimethoprim) at 30 mg/ 
kg every 12 hours for 6 weeks found marked suppression 
of thyronine concentrations and response to thyroid-stimu¬ 
lating hormone. Suppression did not occur with 15 mg/kg 

of sulfadiazine (trimethoprim) once daily for 4 weeks (Hall 

and Campbell 1995). Thyroid function returned to normal 

within 3 weeks of discontinuing therapy'. Suppression may 

result from inhibition of thyroid peroxidase by the amino 
group in the sulfonamide. The effect of sulfonamides on 

feline thyroid function have not been reported, 

A nti - /n ffa mm a tory/Antipruffti c Agents 

Glu cocortkoids 

Glucocorticoids are discussed m Chapter 17 and other 
inuimnomodulaiors in Chapter 19. Glucocorticoids con¬ 
tinue to be overused and abused for treatment of dermato¬ 
logic diseases (Scott T 1995a; Kunkle, 1995 1 . Scon (1995 a) 

notes that over 50% of his referral cases are complicated 
by the excessive use of the drugs. Yet glucocorticoids 

remain ait important and legitimate component of both 

acute and chronic treatment of a variety of skin diseases 

associated with pruritus or inflammation resulting from 

allergic direuses i atopy, flea bite or other insect and orach 
tiid-mediated hypersensitivity, food hypersensitivity, con¬ 
tact dermatitis), pyotraumaticdermatitis ("hot spots" i. and 

acral lick dermatitis (Scott. 1995a). Note that glucocorti¬ 
coids for acral lick dermatitis may largely be replaced with 
behavior-modifying drugs for this syndrome. Glucocorti¬ 
coids also remain the cornerstone of therapy foi many of 

the autoimmune diseases affecting the skin, including the 
eosinophilic granuloma complex, pemphigus complex, sys¬ 
temic lupus erythematosus, and discoid lupus erythemato¬ 
sus. Optimal therapy of each of these diseases varies, as 

some may respond to glucocorticoids alone and some may 
require a combination of glucocorticoids and alternate im¬ 
munosuppressive drug', such as azathinprine or cyclophos¬ 
phamide. Routes of administration will vary with lesion 
and intent and include topical mtralesional, and systemic 
(intravenous, subcutaneous, intramuscular). The use of top¬ 
ical glucocorticoids was previously discussed; note that 
side effects of glucocorticoids will not necessarily be 
avoided by Limiting therapy to topical application In gen¬ 
eral. oral administration is preferred for it* convenience 

and ability to regulate dosage safely (including rapid with¬ 


drawal relative to other routes). Although son* animals 
may appear to respond better to injectable rather than to 
oral drugs, differences in response? may reflect an insuffi¬ 
cient oral dose. This is particularly likely m occur if Ihe 
oral drug is one that is less potent than the injectable drug 

(Scott, 3995a), 

The choice of glucocorticoid should be based on desired 

potency (e.g„ dexamethraone ls more potem than predniso¬ 
lone and may he preferred for acute needs) balanced with 
it need to avoid side effects (prednisolone h characterized 
hy a smaller tendency to negatively impact the hypothala 
mic-pituitary-adrenal axis; see Chapter 17) (Kunkle, 1995). 
Personal preference among clinicians ultimately also will 
determine ihe selection of specific drugs; Whereas predni¬ 
solone may be efficacious for some situations it may not 
for others. In addition, an animal may develop intolera¬ 
ble side effects to tme glucocorticoid but not another. 
The development of steroid tachyphylaxis may lead to de¬ 
selection of a steroid (hat previously w» efficacious (Scott, 
1995 a i Remission in the case of acute exacerbation of 
clinical signs might respond to a "pulse dose'* approach 

using the original anti-inflammatory dose (Kunkk. 1995). 

Dermatologic conditions requiring glucocorticoid ther¬ 
apy range from mild to serious Dermatoses associated 

with life-threatening conditions generally are limited to 

diseases that also are accompanied by diseases of multiple 

organs 'fog., immune-mediated disease). In such cases, 

glucocorticoid therapy should be aggressive, with doses 

sufficiently high to control disease Regardless ol the indi¬ 
cation of glucocorticoids, alternate-day therapy should be 

a. goal of maintenance (Kunkk. 1995), Not all condition? 
will, however, he sufficiently controlled with alternate-day 

therapy I Scott, 1995a), Became high dose* of glucocorti¬ 
coids are often required to adequately treat immune-medi- 
a ted diseases, adverse effects are likely to occur Concur¬ 
rent administration of additional immunosuppressive drugs 
(azathioprire, cyclophosphamide, datwol) may allow the 
glucocorticoid dose to he decreased. Dose reduction for 
patient* i th autoimmune diseases should be conducted 
gradually find should occur for at least 2 weeks (longer if 
time to clinical remission was prolonged), and tile actual 
dose should be decreased by no more than half. Clinical 
re-assessment should continue until a minimally effective 
dose ls established for maintenance therapy 

< hroniv inflammatory disorders (e g . atopy or flea al¬ 
lergy dermatitis) should be treated less aggressively, A 
minimum effective dose should be determined by trial and 

error and re-evaluated such that the dose is reduced when 
possible. Agents that are amenable to alternate-day admin 
istraiion include the firsi-choice drugs prednisone and 

pred n i sol one am I l lie second - c h oice met hy 1 predrii so tone 

(Kunkk, 1995). The ideal alternate-day do*e for these 
drugs is 0.22 to 0.55 mg/kg f Kunkk, 1995 k The durations 
of action of hydrocortisone and cortisone may he too short 
fur effective alternate-day therapy. Although triamcincH 
lone's duration of anti inflammatory action is similar to 
that of prednisolone and met hy tprcdm sotone. suppression 

of the hypothalarnic-pituitary-adrenal axis is more likely 
but less typical of the long-acting agents such as dexametb- 
asone and betamethasone. 

All patients receiving glucocorticoids should he moni¬ 
tored, wuh physical txaminatiom in_vumng at least twice 
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animals. The metabolite, huwc .ci, causes rapid hemolysis. 

Ometidine can No used to minimize lox icily by competing 
for diug-inetabo1 1 zing enzymes (Guzzo et al.. 19951. 


Anllhisliuninu 

Despile slrucutral difference s, all classes of H, antihista¬ 
mines have similar anti'inlliimmatorv and side effects. The 

r 

primary mechanism v .f action of these drugs reflects com¬ 
petitive inhibition of histamine at the noeptof Newer 1 I L 

ml agon .sls also Mock histamine release and hove proved 
effective for treatment of atopy in humans (sec discussion 

of antihistamines in Chapter 3 I). Differences in response 

drugs, species, or disorders, tnighl also, however, 
reflect impaired histamine release from mast cells or altered 
T-cell function. Side effect* of these drugs also vary with 
the product and include gastrointestinal upset and neuro¬ 
logic manifestations, including drowsiness (the most com¬ 
mon side effect) and hyperexe liability, Contraindications 
include central nervous system disorders (including epi¬ 
lepsy), glaucoma, ami smooth muscle motility disorders 
such as might occur in the gastrointestinal or urinary tract. 
These products are generally used safely in human preg¬ 
nancy. .illhough safety has mx been e.sUihlisited in the 

pregnant or nursing cat and dog, Produeu with amihtsta- 

mine activity onl> generally have Fewer contraindications; 
the particular product should he reviewed before use and 

those with nher pharmacologic effects avoided when ap¬ 
propriate 

Antihisiaminefgics can be beneficial in some cases of 
prurilis in dogs arid cals Because of v aiving effects among 
tlw drugs, each aiHihiMmiunetgic should be tried for at 

least 1 week before on alternative medication is sought. 
Among the drugs tested in clinical trials, clemastine np- 
pears to be the mwl effective in stopping itching associated 
with prur»tis m dogs and cats and is (be antihistamine of 

choice C Log as. 19951 , Cost can, however, he prohibitive; 
chlorpheniramine should be considered next for both dogs, 
and cais (Messinger 1995.1 The hitter taste of chlorphenira¬ 
mine might be avoided by use of lime-release capsulfe, 
which only need he administered once daily. Diphenhydra' 
mine and hydroxyzine may be less efficacious; in addition, 
hypcreicituhility may limit use in cals. A minimally effec¬ 
tive dose may reduce the incidence of side effects* Terfena- 
tiine, a second-generation antihistamine a recently ap¬ 
proved for human use, is characterized by too many side 
effects (Logus, 1995 ), Acute toxicosis has been reported at 
6.6 mg/kg, although most toxic*ties occur only at M) mg/kg 
or more (Lcigas. 1995 ). Astcmizole is another recently 
approved human product Although it appears safe (I mg/ 
kg), its efficacy has not been established in animals. In 
human medicine, a combination of II, (the traditional anti- 

histaminergic selection) and IL blockers has been cecom- 
mended, the immuriomodubting effects of H : blockers 
may benetit the dermatologic patient l Guzzo et aL. 1995 ). 
Newer Hi blocking drugs tcrfenadinc, loraladinc) do not 
cause anticholinergic effects and are tint sedating, Caution 
should be taken when combining Ihcse products with H 
receptors however. because of an increased risk of cardiac 

arrhythmias, probably due to inhibition of drug-metaboliz¬ 
ing enzymes fGuzzo et ah, 1995 k Antihistamines may 


act \ynergjstieally with nusoprosto] in controlling pruritus; 

studies currently are under way. 

Omcgiid (OmcgaAl Polyimsaturated Fatty Acids 

Body fats are stored as either adipose tissue or structural 
fal Adipose tissue is nch in triglycerides, which are com¬ 
posed of a glycerol backbone an<I three fatty acids Struc¬ 
tural fats ate represented by phospholipids, also composed 
of a glycerol backbone, two fatty acids (at die 1 and 2 
positions), and a phosphate group (at the 3 position). Fatly 

acids con be released from glycerol by phospholipase. 
Saturated fatty acids have no double bonds, Unsaturated 
fatty acids (UFAs) include monunsaturated fatly acids 
which have one double bond, and polyunsaturated fatty 
acids (PUFAs). which have two or more double bonds. 

The shorthand identification system of PUFA reflects the 
number of carbon atoms, the number fn) of double bonds, 
and the position of the first double bund from the terminal 
or omega methyl group end of the molecule (White, 1995). 
For example, the formula fm Imolcic acid, aft essential 
fatty acid for mammals, is 18 2n-b; it contains IK carbons 

arid two double bonds, with the first double bond located 

between the sixth and seventh carbon. a-Linolenic acid 
(ALAi (l8:3n-3) also contains 18 carbons but has three 

double bonds, w r ith the first located between the third and 

fourth carbon {Fig, 33-2),. 

Essential fatty acids (EFAs) are those fatty acids re¬ 
quired for normal physiologic function but cannot be syn¬ 
thesized by the animal and thus must be obtained in the diet 
i White, 1995) Among the functions of EFA are serving as 
.1 structural component of ceil membranes primarily as 

aruchidottic acid and in specialized tissues (retina and 

brain) as e icosapemaenoic acid (EPA) and docosahexaenoic 
acid (White, 1995). The PUFX component Ls imponaot to 

determining fluidity of the membrane, rendering it more 
stable, find maintaining cellular permeability. The epider¬ 
mal water harrier of the skin depends on linoleic acid lipids 

located in the intercellular lamellar granules at the level of 
Ihe stratum granulosum/comeum interface. Essential fatty 
acids are also die source of cicos&noids, from which are 

derived prostaglandins, Icukotnenes, platelet-activating 
factor, ami related compounds. Prostaglandins are notable 

foi their protective effects in many body systems; both 
classes of eicosartoids also are potent inflammagens. (see 

Chapter 16). 

Two families of UFAs are essentia] for mammals (see 
Fig, 33-2). Fatty acids of the n-3 (omega-3) series include 

ALA; EPA (20:5n-3) is a metabolic product of ALA found 
in fish oik Fatty acids of the n-6 (omega-6) family include 
Uncle if acid (LAk the precursor to arachidonic acid (AA), 

a fundamental componem of cell membranes and thus, the 
most important of the EFA in mammals (White, 1995). 
Gamma-Unolenic acid (GLA) is a product of Linoleic acid 
found in certain plan. oils, it is elongated to dihomogamma 
linoknic acid, which is then convened Co A A, Of the 
omega-3 scries, ALA is elongated to EPA find then docosa- 
hexanoic add (DMA) (Fig 33-21. Because of the absence 

of microsomal desaturase enzymes necessary to make dou¬ 
ble bonds, mammals are unable to synthesize LA and 
ALA (White, 1995), Most mammals are, however, able io 

synthesize arachidonie arid from dietary sources of linoleic 
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inhibitory neurutransmitter GABA ui peripheral neuronal 

synapses, resulting in pyrolysis and death of the paraxile 

(see Chapter 15). Selective activity in animaLs reflects a 
difference in the peripheral role (nematodes and arthro¬ 
pods) versus central role (mammals) of this neurotransmil 

ter. In most mammals, ivermectin doe* not penetrate the 

Wood-brain barrier in sufficient concentrations to cause 
side effect*. The drug is administered orally and parenter 

ally" up to 3 weeks may elapse before the drug is totally 

eliminated in feces The primary indication for ivermectin 
in stun 11 animals is mite infestation: feline and canine 
scabies, chcylcliellosis, and ear mites, "The drug lias also 
been used fui mile infestations of guinea pigs and birds. 
Although clinical response may occur in several weeks, 
animals may remain skin-scrape positive for several ro 
many months, \d\ erse reactions are idiosyncratic and have 

been reported primarily in herding breeds (collies, Shetland 
sheepdogs. Old English sheepdogs. Australian shepherds i. 

Reaction* have ranged from mydriasis, to tremors, ataxia, 
coma, and death. Ivermectin is contraindicated for such 

breeds The I ■ bovine product has been diluted with 
propylene glycol to allow more accurate during in small 
animals. 


Miibttyniiit 

Like ivermectin, milbemycin (twice the monthly heart- 
worm preventive dose given daily> is effective fof the 
treatment of demodeclic mange. Response to treatment is 
lengthy. Also tike ivermectin, milbemycin can cause to vie 

iiv. particularly in collie-type dogs, although this drug is 

riightly safer than ivermectin, Moxidcctin also may be 
efficacious; collies also appear |o be mote sensitive lo irs 
adverse effects. 


Immunomodulators 

Immunomodulatory (biologic response modifiers) potenti¬ 
ate some facet of the immune response (sec Chapter 19). 

Many compounds described as immunomodulators have 
been used to treat c variety of dermatologic conditions. 

ImmuTKKuppfessanis used in treat immune-mediated der¬ 
matologic disorders include glucocorticoids, cytotoxic (an- 

iLneoplaslic) drugs, and selected hormones. Immunoslimu- 
bnts tend lo be less effective (sec Chapter 19), 

Smphvkx x-cus aureus phage lysate (Siaphage Lysate) 

is a vaccine containing parts of S. aureus., a bacteriophage, 

and culture medium ingredients. It is indicated for treat¬ 
ment nl ciitinc iiiiphvlucoccat pytidcrma 'Viccmatiofi i* 

intended to result m stimulation of antibacterial antibodies 
Thcit may also be a hyposeftritizing effect Concomitant 
antimicrobial therapy should be used for the initial 4 to 6 
weeks. Slaphagc Lyxak is administered subcutaneously 

tmcc a week initially, and then the dosage interval is 
lengthened The vaccine is relatively expensive. Possible 
side effects include allergic reactions and local redness and 
swelling at the injection sue. This vaccine should be re¬ 
served for patients with recurrent xiaphylococcal pyoderma 
lhai responds lo antimicrobial therapy but relapses when, 
therapy 'S discontinued. It is extremely important that other 


causes of pyoderma (allergies, ectoparasites* endocri Empa¬ 
thies) are identified and treated. 

Ptvpioniixicterium aa ms killed suspension <Immune- 
rcgulml is available as an adjunct to antimicrobial therapy 
in the treatment of canine pyoderma. It has been shown to 

induce cell-mediated immunity This bacterium is the spe¬ 
cies associated with human acne. Treatment with Immuno- 
regulin involves intravenous injections twice weekly ini¬ 
tially and then once weekly. Pot end a! adverse effects in¬ 
clude anaphylactic reactions. Disadvantages include ex¬ 
pense and the need fot intravenous injections (client cannot 
administer ai home). It is the author's opinion that use of 
this agent should be reserved fur patients failing all other 
forms of therapy. 

Hyposensitization involves parenteral administration of 
allergens (anugensj in allergic patients. Although the mech¬ 
anism of action of this therapy is unknown, the most 
appealing theory it that repeated exposure lo the allergen 

may result in reduced cellular sensitivity (tolerance). 


TRANSOERMAL DEUVERY OF DRUGS 


Most drugs jo human and veterinary medicine that arc 
applied lo the skin are intended to provide their pharmaco¬ 
logic effect where they are applied. Systemic absorption is 
intended to be minimal so (hat systemic effects will not be 
encountered, There are, however, a small number of drug 
products that are designed to be applied to the skin, ab¬ 
sorbed tnimdermalJy, and attain high, enough plasma con¬ 
centrations to produce systemic effects. The same factors 
mentioned in the discussion of the principles of topical 
drug therapy affect drug absorption from cutaneous sites, 
rninsdcrmal drug delivery offers several advantages. It 
is easier to administer drags transdennally, and drug deliv¬ 
ery can be sustained, thus ensuring continued therapeutic 
effect*. Drug input might he more precisely controlled over 
ora! therapy because there are fewer factors complicating 
tranxdermal drug absorption such as fir*i-pass hepatic me- 

labolism. 

Not all drags may be administered transdcrmally. The 

drug should not be irritating to the skin and should be 

irajisdcrmally bireavyc table, Effective irarudcrmal drug de¬ 
liver) formulations are very difficult to design, which is 

probahly why there are so few products available. Some 

products used in veterinary medicine, although not intended 
for transdermal absorption, can result in systemic absorp¬ 
tion in the person treating the animal. Such drugs should 
he handled with nonpermeible gloves rite, DMSG, all 

antieancer drugs, nitroglycerin ointment, all antiparasitics 
Idips and shampoo* |. and olirenogcsl (Kegu-maieJ). Gloves 

might also be used when administering chloramphenicol, 

although percutaneous absorption in association with oral 

medication of small animals has not been documented 

Several products are used in veterinary medicine with 

the intent of achieving systemic therapeutic effects Nitro¬ 
glycerin ointment relaxes vascular smooth muscle primarily 
on (Jie venom* side and is used for dogs and cats, to treat 
cardiogenic edema. The ointment is applied to glabrous 

areas (i.c.. axillary, inguinal, or inside the ears). Onset of 

action is approximately 1 hour. Fenthion fPro-Spot> and 

tUIw systemic insecticides (discussed earlier) arc applied 







topical]). Scopolamme, nitroglycerin. .ind ckmidine trans- 

dennal patches tire available for uw in human patients to 
treat motion sickness, angina, and hypertension, respec¬ 
tively. Fenianyl. a narcotic analgesic available in transder 
mal patches, has pnn cd to be an c f tecli vc and safe alicrna- 
iivc l > i injectable opioid delivery for control of pa in in dogs 

and cats (see Chapter 22). 

TREATMENT OF SPECIFIC DERMATOLOGIC 

DISORDERS 

Selected skin disease* are discussed in other chapter*. 
Otitis externa. pywlerma. ami other bacterial infections of 

the skin arc discussed in Chapter 10, Fungal disorders are 
additionally discussed in Chaplci II. external parasites are 
additionally discussed in Chapter I$ t immune-mediated 

diseases of the skin are discussed in Chapter 19,. behavioral 
disorders of the akin are discussed in Chapter 25. and 
cnd(KTiTx>pa[h)es affecting the skin are addressed in (.'hap 

ter 32, 

Chrome Pruritus 

Pat hophysii dogy 

Pmnfus is a cutaneous sensation that leads the anitnal to 
rests Is l" the feeling by scratching, rubbing, licking, or chew¬ 
ing. The cause of the sensation is complex, as can be its 

resolution. Ideally, die underlying cause of the sensation is 
idemilied and treated, ultimately leading to resolution of 
the pruritus. Discussion of or even provision of a compre¬ 
hensive )jsi of the causes of pruritus is beyond the scope 

of this chapter 

l.ike pam, the rfmatioii of pruritus consist* of a periph¬ 
eral signal, originating m the skin, and central perception, 

ending at ihc sensory cortex. A number of chemicals are 
responsible for signal generation and transmission in the 
skin, although *hich predominate in the dog and cat are 
not known The chemicals largely are the same as those 
generating the inflammatory response and include both 
preformed chemicals i histamine, serotonin I and those syn¬ 
thesized in situ |prostaglandins. leukotrienes. proteases}. 
The signal generated at the level of the skin can be nu>di- 
fied h> emotional, biochemical, or central factors, leading 
to behavior that appears to be di -proponionaie to the incit¬ 
ing cause fue., skin trauma induced in response u> a single 

Ilea bitei (Milter. 1993). Drugs oriented toward control of 
pruritus can target either peripheral or central transmission. 
For chronic pruritus, drags with systemic effn is generally 

are more effective. 

Drag Therapy 

Topic at Therapy 

A number of w>ngl ucocorticoid topical preparations may 

control pruritus (Scoti, 1995a* Kwochka, 1995a), Care 
should be taken k» select products that arc not mi tat mg or 

drying, Shampoos generally should be applied once to 

iw ee weekly. Cool water may he effective in some am 


mals: antipruritic efficacy can be enhanced by the addition 
of moisturizing agents, colloids, anti-inflammatories, or 

anesthetics. Preparations that can tie applied in “spots" 

include Caladiyl lotion (composed of 1 *3 dipheny dnunine, 

calamine and camphor). Dcrmacool (hatruunelis extract 
and menthoI >. and Hi staeaim (2 % djphenhydramine) 
(.Scott, 19953}. 

Other medications available in sprays that might he 
helpful for control of pruritus include local anesthetics 
such as lidocaiite iDermacxxdj or prwruixinc i with colloidal 
oairneul: Relief Spray), 2% benzyl alcohol with 0.05% 
benzalkonium chloride, and hainamclis distillate! fPTD). In 
addition to anih isiaminergic medications, sprays also may 
contain glucocorticoids for treatment of localized pruritis 
such as pyoCraumatic pruritus and allergic pyodermatitis 
(Kwochka, 1995a). More potent sprays intended for acute 

management contain 0J% triamcinolone, 0.025 fluoci.no- 

Jone, or 0.1 2 betamethasone; “milder" glucocorticoid 
sprays for long-term maintenance contain 0..59k. to 2.5% 
hydrocortisone. Mcthosulfone, a metabolite of DMSO Mid 1 

thus an oxygen radical scavenger, can be dilated in water 
and applied topically as a spray. Sprays can be* applied two 
to three times per day (Kwochka, 1995a). Sprays should 
be applied every 12 hours until inflammation and pruritis 

are controlled. 

Glucocorticoid ointments and creams may be difficult 
to u*e because of lack of pertclratinn through the hairtoa' 
into lie skin. A hydrocortisone lotion dial is not greasy or 
staining may be useful for treatment of large ureas with 
some residual activity (Kwochka. 1995a). 

Total body application of moisturizing and hypoaller¬ 
genic shampoos, aMihittaminergic shampoos (2% diphen¬ 
hydramine). or colloidal soaks or shampoos wither without 
antihistamines, local anesthetics (Relief Shampoo l, or liy- 
cnxurti Hmc (CortLsooihc) arc indicated for patients with 

generalized pruritus (Scon, 1995a; Kwochka, 1995b) Col¬ 
loidal shampoos containing pyrclhnns, carburyl, or pyre- 

thrins and permethrin will facilitate control of pruritus 

associated with fleas (Kwochka. 1995a). Application of a 
rinse, spray, or lotion after a shampoo will provide some 
residual effect (Kwochka. 1995a) Cream rinses containing 
colloidal oatmeal with (pramoxinc) or without a local anes¬ 
thetic are available for control of pruritus. Incomplete rins¬ 
ing of t cream rinse may facilitate residual activity in dogs 
with short hair coats I coats of long hair become greasy). 
Antipruritic cream rinses might also be applied locally 

for control oJ localized pyoderma (e.g, RELIEF Lotion) 
(Kwochka, 1995a). Several aqueous rinses also are avail¬ 
able for control of pruritus. These include 100% colloidal 
oatmeal (Epi-Snt*he Bath Treatment), misted oatmeal with 
43% colloid (Aveeno Oilaied Bath) (for very dry skin and 
haircoaiv. also applied as a soak), and moisturizing bath 
oils or humectantv. Aqueous rinses generally also cart be 

applied as sprays, although efficacy is greater m it total 
body rinse I Kwochka* 1995a). 

Topical shampoo therapy is an important component of 
treatment or prevention of superficial awl deep pyodermas 

Antibacterial shampoos containing benzoyl peroxide, chloc- 
hexidine, or laurkidin are indicated as adjuvant therapy for 
pruritus associated with pyodemui (see Chapter 10). Those 

most effective contain benzoyl peroxide or chlorhexidme 
(Kwochka, 1995b). Follow-up with a chlorhexidinc rinse 
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ability. Hydroxyzine and amitriptyline tend to cause ad¬ 
verse reactions in cats. Ckmarine <0.34 to 0.68 mg every 

12 hours orally} may be effective. 

A combination of both H ( and H : receptor antagonists 
has been recommended but has not proved useful, in ani¬ 
mals thus far (Miller. IWJh 

Fatty Arid Supplements 

Studies that focus ^ the effects of dietary supplemental 
1 1 on of EVA on canine atopy vary. Interpretation among 
clinical trials is complicated by the quantity and source of 
the PUFAs (OLA* FPA. and DHA)* the lack of tissue fatty' 
add analysts the duration of therapy' • which often probably 
was not sufficiently tone,}, and differences in outcome 
measures and adjuvant therapy. In addition* many of the 
studies were not controlled rn blinded. 

White (1995) provides a summary of the results of 
selected clinical trials implemented h> various dermatolo¬ 
gists, a study evaluating hnoSeic acid, linolenic acid, and 

EPA in dogs with atopy* flea allergy* ami idiopathic pruritus 
(nonseasonal) found the response rate to the PUFA to 
be km (26% or less being, controlled well: another 36% 
responded by a 50% reduction in pruritus). An open com¬ 
parison of evening primrose oil* marine fish oil, and EFA 

products administered for 2 weeks found response in 25% 
of animals* but no product appeared more effective than 
the others. Responders worsened when supplementation 
w its removed. Comparison of evening primrose oil ahme 
ot combined with marine tish oil found significant improve¬ 
ment with the sole product and increased (but not signifi¬ 
cant) efficacy with the combined product. A double-blind 
placebo-controlled crossover study with olive oil i placebo) 
or evening primrose administered for 9 weeks found clini¬ 
cal improvement with evening primrose oil. Two recent 
blinded studies have reported the benefits of EFA (EPA 
180 mg and tfocohenacnoic acid 120 mg per 4.55 mg/kg) 
supplementation ^ hen administered for 6 weeks. Eleven of 
16 dog? responded to fish oil. 3 of 16 responded bettei U> 
com oil* and 2 of 16 dogs responded to neither oil. A 
parallel study of 28 dogs supplemented with high doses of 
GLA 050 mg)* EPA (250 mg)* or linolenic acid 1250 nig) 
and EPA (50 mg) found a benefit with all three supple 

ments, suggesting that higher doses may be important to ef¬ 
ficacy. 

Cats seem to respond better than dogs* with up to 40% 
efficacy reported by some authors (Miller. 1993). Again* 
however, results of clinical trials tend to be conflicting. 
Pruritic cats with miliary dermatitis and other nonLeskmat 

causes oi proritts responded to 2 and b weeks of therapy 

of a linolenic acid/EPA supplement. In contrast* 12 weeks 

of therapy with evening primrose oil (3,7 mg linolenic 
acid/kg) or olive oil did not improve feline skin disease in 
another study. A 6-week course of evening primrose alone 
«r when combined with marine fish oil resulted m improve 
ment in feline pruritus and dermatitis; in contrast* marine 

fish oil by itself caused worsening of the skin disease A 
12-week course of therapy with evening primrose and 
sunflower oil also improved the skin and coat of cats with 
miliary dermatitis (White* 19951 White (1995) suggests 
that atopy .should be most responsive to EFAs that are low 

in I mole ic acid and high in Linolenic acid and/or EPA/ 


docohetaenoic acid. Addition of vitamins fi> the EFA sup¬ 
plement may facilitate efficacy of the EFA product. The 
appropriate ratio (n-6 ri 3) is not clear, nor is the duration 
of therapy A ratio of 5 to 16 l lus been suggested based 
on a study that found a decrease in L.T B. aid an increase 
in LIB, in the skin of dogs supplemented with diets con¬ 
taining these ratios (White, 1995), Response has been re¬ 
ported in as few as 7 to 14 days or as many as 9 to 
12 weeks. 

The most appropriate use of EFA for control of pruritus 

may be in combination with antihistamines or glucocorti¬ 
coids (White* 1995), Success with fatly add supplements 
also is most likely if an alternative product is tried if and 

when the first fails; adequate time i> allowed to elapse 

hefore clinical assessment is complete; the goal h reduction 
rather than eradication of pruritus; or the goal is reduction 
of 'the dose of other drags assoc died with adverse effects 
(e.g** glucocorticoids). 


Beha wr* Modifying Drug* 

The use of behavior-modifying drugs is increasingly 

becoming in vogue; the proper use and side effects associ¬ 
ated with these drugs are discussed in Chapter 25. Among 
the behavior modify mg drugs* those that are characterized 
by anijhjjtammergic effects might be preferred fe*g„ doxe- 
pin or amitiyptylineh 

Behavior-modifying drugs have been used to treat feline 

pruritus* particularly that associated with psychogenic alo¬ 
pecia (Messinger, 1995), Psychogenic alopecia also has 
responded to nukutone 1 1 mg/kg subcutaneously* one dose K 
although time to recurrence of the abnormal behavior 
ranged from as short u l week to as long as 6 month* 

iMessiiiger. 1995). The dopamine antagonist halopcndol (2 

mg/kg intravenously I did not appear very useful long term 
when compared with a control for treatment of psychogenic 

alopecia I Messing er, 1995), Cats did, however, respond 

within 4S hours, Buspirone does not appear to be effective 

for control of psychogenic alopecia (Messinger, 1995). 
Fluoxetine has been useful for chronic licking in cats. 


Combination Therapy 

Combinations of drugs that alter the sensation or re¬ 
sponse to the sensation through different mechanisms of 

action should be considered., The combination* that appear 

to be most effective include fatty acid supplements (Derm- 
caps) with glucocorticoids (leading to a 25% to 50% reduc¬ 
tion in the glucocorticoid dose) (Miller, 1993); antihista¬ 
mines 1 trimeprazine) and glucocmticoids (an increase from 
50% improvement with gluoocurticuids alone to 76% im¬ 
provement with the combination* with a 50% to 75% reduc¬ 
tion in the glucocorticoid dose) fScott. 1991); and fatty 
acid supplements with antihistamines (chlorpheniramine 
and Dermcajri in combination caused a 35% response in 
animats that responded to neither drag alone) (Miller, 
1993). Combination of misoprostol with antihistamine? is 
being investigated. Assessment at weekly intervals should 
be accompanied by a change in therapy if response bus not 
been sufficient. 
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Generalized Demodicosis 

Therapy for generalized dc motlicos i s should he accompa¬ 
nied b> proper nutrition, minimization of stress, and control 
Of accompanying pyoderma Self-cure can he expected in 
SiY'A of dogs less ihan 12 months of age. although no 
factors appear to he predictive of self-cure \ Miller, )W5i 
The most efficacious treatment appears to vary in the 
literature, Mo single drug will cure all cases; up U> 10*3: 
cannot he cured (Milter, 1995?. Amitraz i 19 9*1 1 is the 
only Food and Drug Administration approved drag for 
treatment of demodicosis, although an Environmental Pro 
tection Agency registered solution is available. Am lira? is 

Labeled for treatment at 2-week intervals (diluted to 25*' 
ppm or IIJ,h m!, in 7.6 L). Original reports regarding 
its efficacy using the approved protocol apparently were 
inappropriately optimistic (90% predicted cure rates! 
Long-term cure rates according to the approved treatment 
regimen range from as little as 0*2 to Stiff (0,025% or 
250 ppm dip) (Scott. I995h). Follow -up studies at greater 
Concentrations have more favorable: results. 

Alternative concentrations include 51Mi, 750, and HXM) 
ppm, Weekly dips ol .’50 io 500 ppm arc curative in 75*# 
to 80% ol cases, respectively lScott. IW5b! Umg hair 
coats should be clipped and animals bathed first. Treatment 

should continue until two dtps have occurred after negative 

scrapings, regardless of how many dips must occur. Weekl) 
application may he implemented if biweekly therapy is not 

successful. Doily administration of a 0.125*# solution 
(ItmO to 1250 ppm using the- large animal amitraz solution) 

on halt ot I be body alternating the other half of the body 
the next day should pmvc efficacious in of nonrc- 
spondcfs; fee' should he soaked in the sotuiion tSeuth 

1995 b Or il vitamin E therapy ;«t 2CM) It 1 /dog live times 
daily may enhance efficacy of amitraz, although this has 
not been proved l Scott, 1995b). Immunomodulators appear 

to be ineffective (Scott, 1995b). 

ShouLd amitraz fail, a maerolide antibiotic should be 
considered. Milhemycin at 1 and 2 mg/kg daily appears to 
cure 50% to 90% ol dogs, respectively Duration of therapy 
in one study ranged from 90 to 300 days; treatment should 
occur IW 60 days past multiple negative skin scrapings. 
Side effects should be limited as long as 2.5 ritg/kg is ru>1 
exceeded (Miller, 1995). Ivermectin a! 0.3 to 0.6 mg/ 
kg per day orally (tiul not 0 2 to 0.4 mg/kg per week 
subcutaneously) also may be efficacious, with treatments 
being necessary for as bog as 210 days. Because the drug 
is very hitter, administration in vanilla ice cream or apple 

sauce is recommended (Scon. I995hh This dosing regimen 

is not safe for collies and related breeds. Testing for reac¬ 
tion to ivermectin involves administration of 0.125 mg/kg 
per day for 7 days. Alternatively, hospitalization might 

occur for the initial period during which a starling dose of 
0.1 mg/Lg is gradually increased to the maintenance dose. 

Should relapse occur within 3 months, inadequate treat¬ 
ment is the most likely cause (Miller, 1995). and the 
therapeutic protocol can he repeated but for a longer dura¬ 
tion. Later re apses probably reflect recurrence; repetition 
of the initial treatment protocol is not likely to be effective 
(Miller, 1995), and an alternative protocol should be se- 
J ec ted. 


D e rma top hytasis 

Treatment of dermatophytes is also addressed in Chapter 
IL Establishment of the efficacy of selected treatment 
regimens is handicapped by the often self-resolving nature 
of the infection. Metric I Lo f 1995) emphasizes that, as with, 
pyoderma, topical therapy alone is not sufficient feu effec¬ 
tive treatment of dermalophytosis, Indeed several disad¬ 
vantages arc associated with topical therapy. Hairs protect 
spores; in addition, many commonly used topical antifungal 
solutions and shampoos are not &porictdaJ. Among those 
that are more efficacious arc lime sulfur (1:16) and enilco- 

nazole (bottle dilution, but not licensed fni use in the 

United Slates) (Monello, 1995). Unfortunately, both of 
these topical products are associated woh side effects: 
Enilconozole has caused death in some cats, and lime suffer 
can be very irritating. Grooming after topical treatment 
increases the risk of toxicity. Pei owners arc exposed to 
topical agents, increasing their risk. Occasionally, topical 

agents worsen infection, perhaps because of damage to 

the skin (mechanical scrubbing) during shampooing The 
efficacy of topical ointments, creams, and ge1 s is question¬ 
able. Among the topical ointments and creams, bifemazote 
is more effective than miconazole, but its efficacy also h 
questionable, particularly if infection Involves haired skin. 
In addition, topical agents tend to he messy, are groomed 
by the animal, and encourage ""spot" therapy. Nonetheless, 
topical therapy is an important adjuvant for treatment of 
dermalophyto&is. Topical therapy will limit environmental 
contamination and cofuagum if spores m\ (tie hair e< mi are 
killed. Tlte preferred topical product (Monello T 1995) is 
Hme sulfur «4 to 8 oz/galh>u}; higher concentrations are 

potentially irritating and cause exfoliation. Gauze sponges 

should be used to pat. not rub. the dip onto the skin. An 
Elizabethan collar should reduce the risk of ingestion. 

Four drugs are used to systcmically treat dermato- 
ptivtosis: grtseofulvin. ketoconazote. itraconazole, and flu¬ 
conazole (see Chapter 111. Even in infections that will be 

self-resolving (self-cure generally occurs in 60 to 100 

days), systemic antifungal therapy will hasten the time to 
recovery' and thus is beneficial. Griseofulvin remains the 
drug of choice. Either the mioosize dose {25 to 50 mg/kg 
divided or once every 24 hours ■ or the ultramicrnsize dose 
(5 to 10 mg/kg orally once daily) can be administered. 
Because many animals tut intolerant to ketocunazole. itra¬ 
conazole i% the second drug of choke should an animal fin! 
or not tolerate griseofulvin therapy. Although improvement 
should be evident within 2 to 3 weeks of therapy, several 
weeks (generally 30 to 70 days) must lapse before a cure 
is effected. A comparison study in kittens infected with 

\forntspantm c ani$ found that time lo resolution with grise¬ 
ofulvin t50 mg/kg orally divided or once every 24 hours) 
was 70 days versus 56 days with itraconazole (10 mg/kg 
orally once dailyr, the control group remained positive at 
100 days. Therapy should be monitored by fungal cultures 
weekly or biweekly after 4 to 6 weeks of therapy and 
treatment continued until 2 to 3 consecutive weekly cul¬ 
tures are negative. Note that false-positive fungal cultures 
can occur after clinical recovery because of environmental 
contamination- Cals with questionable positive results 
should be isolated from the environment fur 3 to 5 days and 

subsequently recultured, Tcrbenaline, a systemic antifungal 
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approved for use m humans tor treatmeni of dermam- 

phytosts* has not been studied tor efficacy or safety in 
animats. An unpublished pharmacokinetic study with cats 

tin Europe i, however, indicates that a dose of 10 mg/kg 
once daily is appropriate; 10 to 30 mg/kg orally once daily 
has been suggested through Internet resources. 

Cleansing of the environment in obviously critical in a 

cattery nr kennel situation but cm also he important in a 
single-animal household Undiluted bleach and U* forma¬ 
lin are the most effective products for resolving environ¬ 
mental contamination (Moriello, 1995). £>ne hundred per¬ 
cent of spores sue !ikcl> to be killed with this regimen; 

residual activity is likely to be greatest with undiluted 
bleach, followed hy V* formalin. ertilconazole, and com¬ 
mon household bleach diluted 1;1Q. Common household 
bleach is not as efficacious in killing spores as the other 
two products, but it is the least expensive and most readily 
available. Aqueous chlurhexidine is ineffective. 
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INTRODUCTION 

The use of reproriuctive hormones as pharmaceuticals 
should be based on knowledge of both the reproductive 
physiology in the species to be treated and the pathophysi¬ 
ology of the disorder at hand, Too often, hormonal thera¬ 
pies aft" used <ki the basis uf knowledge of their function 
in other species or when the underlying disease process 

has nut been fully studied. Although there are some specific 
indications for the rational use of reproductive hormones. 

they are commonly used inappropriately. This chapter in¬ 
cludes a review of ihc basic physiology of the different 
bornumrs used in canine and feline rcprothiction, a disnuH 
skm of their clinical availability, potential applications for 
their '.isc, and common misuses of the products. 


Hypothalamic Hormones 

Gonadotropio-RelcasinG Hormone atwl its 

Analogues 

Gonadotropin-re leasing hormone (GnRH) is a hypoihala- 

mie decapeptide w ub the same amino acid Mxjucnce in all 

mammals. After pulsatile release from the hypothalamus, 
GnRH Traverses the hypothalamic-hypophyseal portal sys- 


tern ami activates anterior pituitary gonadotroph receptors 

The pituitary responds by releasing Luteinizing hormone 

(Lhh and foJIicle-sriiualating hormone (KSH) in a pulsatile 
pattern fConcunnon, I943J. Stimulation of the pituitary by 
GnRH must be in pulsatile form for repeated release of 
LH and FSH; after receptor activation, GnRH is rapidly 
deactivated and cleared. The Frequency and amplitude of 
GnRH pulses vary depending on phase of (he reproductive 
cycle Tht frequency of GnRH pulsatile release in primates 
during foIJiculogenesis is every 70 to %• minutes i {full and 

Kcnigsbcrg. 19117}. li is iho natural puiwtiU \ecretion of 
GnRH and its shon biologic half life that pr»v ide difficulty 
when attempting to use GnRH as a pharmaceutical. Investi¬ 
gations with specialized infusion devices for pulsatile de 

livery have successfully augmented fertility in a variety ot 

species i Leyendecker el a)., 1980; Johnson 1986 Cam et 
al,, IQ88h but the clinical application of such a method 

lacks practicality for routine um: in mnall animal patients. 

Gonadotropin-releasing hormone analogues are syntheti¬ 
cally prepared substance? that differ from GnRH by various 
amino acid substitution* in the peptide sequence. Ana¬ 
logues with a few amino acid subsumtions * an act ns 
GnRH agonists because of" their increased binding affinity 
and decreased clearance compared with GnRH. Heavily 
substituted analogues can cause receptor blockade .rad have 

an aniagonist function The result is a suppressive effect 
on the pituitary gonadal axis. Fhis aitis is easily down- 
regulated such that: frequent or high dosing of a GnRH 
agonist will suppress the release of LH and FSH also 
(McRae et a!., 1985), 
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Days from LH Poax 

Figure 34-2- Csmcentratioii'. of MlivkNstimiiLiliNL: hormone I'FSHj in 
canuH' ’.cram ihmujchtiul lri£ anestruu, jvnesiruv Mru^ fend earl} diestfUs 

Stuped lIitj i \ the '.uiul.ildi error of tile tncjn lhars lil-JkjI-l’ r-.inf.'e 4 ' ot 
praUru^. estruv. ;tnd diestxin). (Reprinted wilh permis^jon fm«n Oitnn 
PS. Bowen R.X, Btrtvenjl MU. el ai Ccmccillrolinns s-rf! rcprwlLictive 

htirrrKno in C4funt «rem tfcroughoul laic ualnH. pcoemnw., and ntrr 
Biol fteprad 1982; 27: | ]*fc ) 


ues between intact and castrated dogs is possible (Olson et 

at,. 1992), 

Some species also produce placental gonadotropins. A 
lulcotruphic gonadotropin produced by I he human placenta 
(human chorionic gonadotropin |HCG]) has a potent l.H- 

tike cited in many species. A gonadotropin produced by 
fetal trophoblastic cells in horses is referred to as equine 

chorionic gonadotropin (eCG) or pregnant nun serum go¬ 
nadotropin. In ntttsi species, eCG has a combination of 

FSH and LH activity. Additionally, cCCJ products com¬ 
monly contain components of equine serum that can he 
antigenic when used a* a pharmaceudeal. 

Prolactin 

A relatively large polypeptide produced by the anterior 
pituitary, prolactin b lutcotmphic in the bitch and queen 

(Onetin el al, 1993; Verstegen el al., 1993a). It is suspected 

that prolactin is also involved in the maintenance of the 

anestnss phase in the bitch (Concannon, 1993). Prolactin is 
under negative control by dopamine such that the adminis¬ 
tration of a dopamine agonist will inhibit prolactin secre¬ 
tion. Inhibition of prolactin secretion can be luteolytic 

during the second half of diestrus or pregnancy in the bitch 
lOnclin ct al, I993| ami queen (Vcrsiegcn et al. 1993a). 

Various dopamine agonists have been investigated for in¬ 
ducing abortion and shortening aivestrus fi e,, cstrus induc¬ 
tion). Bromocriptine is a dopaminergic drug that has been 
used in various protocols. Its use has not gained accep¬ 
tance. however, because it commonly causes vomiting. The 
highly potent dopamine agonists cabergoline and met ergo- 
line have fewer or no apparent side eflecls, respectively. 
Metergolme's effect to decrease prolactin secretion may 
primarily resulL from blockade of central serotonin recep¬ 
tors and may function as a dopamine agonist only at higher 
closes i Krulich cl al, 1981). 


Gonadal Steroids 


Ustnrgen 

produced by the ovary during folUculogcnesis. estrogens 
affect target tissues causing vulvar edema, vaginal hyper¬ 
plasia. sanguineous vulvar discharge in the hitch, and sex¬ 
ual attraction in bnlh ihe bitch and queen. The bitch 
uniquely exhibits sexual receptivity when estrogen produc¬ 
tion decreases; scrum concentration of estrogen peaks 1 io 
3 days before ihe end of proestrus. Estrogen acts sy nergisti- 
eally with progesterone to stimulate growth of endometrial 
and nummary glands, and estrogen priming may be im¬ 
portant before the natural effect of oxytocin on the myome¬ 
trium during parturition (C amithers, 1986). Male produc¬ 
tion of estrogen is primarily from (he Sertoli cells, although 
conversion from pregnenolone produced by the interstitial 
cells is possible, Excessive production of evince ns by 
Sertoli cell tumors and, less commonly, by other testicular 
tumors results m male feminizing syndrome. Estrogens are 
involved in receptor sensitivity and feedback influence on 
the hypothalamic-pituitary-gonadal axis. 

The adverse effects of estrogen ti e., bone marrow 
aplasia, pyometra, infertility) have been documented in 
dogs after administration ot any estrogen preparation 

(Teske. 1986: Bowen et al,. 1985). The unique sensitivity 
of dogs io estrogen toxicity may be due to the relatively 
weak binding affinity of sex-steroid binding proteins for 
estrogen in the dog. The result is a decrease in the inherent 
buffering mechanism that would otherwise regulate the 
amount of free hormone available io penetrate cell mem¬ 
branes. Estrogen toxicity can occur with exogenous or 
endogenous estrogens te.g.. Sertoli cell tumors, ovarian 
follicular cysts, and ovarian neoplasia). 


Proge st e ro ne 

As lire main progestational hormone in both bitches and 
queens, progesterone is produced by corpora I urea after 
ovulation. The bitch continues to produce progesterone 

during diestrus; serum concentrations of progesterone arc 

indistinguishable in concentration or duration of production 
from that of pregnancy. The decline of progesterone and 
increase in prolactin production at the termination of dies- 

mis cause the clinical manifestations of pseudopregnarrey 

in the nonpregnant bitch. This is a demonstration of a 
normal physiologic occurrence that should not be confused 
w ith a pathologic state. There h some variation between 

bitches regarding the maximum amount of progesterone 

produced in midgestation (or mid-diesirus). with levels 
reaching 8(i to 1(H) ng/ml. in some individuals The mini¬ 
mum serum progesterone concentration necessary m main¬ 
tain pregnancy appears to be 2 ng/rnL (Root and Johnston, 
1995), The minimum amount of progesterone required to 
sustain pregnancy in the queen has not been determined; 
however, serum progesterone concentrations of less than 1 

ng/mL for several days occurred before termination of 

pregnancy was observed in one xmdy (Verstegen el al, 



Placental production of progesterone by the queen dur¬ 
ing the latter half of pregnancy bad been suggested as a 

requirement to maintain pregnancy. It has been suggested. 
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however, that corpora luica of the queen are necessary for 

progesterone production throughout pregnancy fVemtegcii 
el al, 1993b), During pseudoprcgnancy in queens (i.e., 
nonfertile ovulationl peak luteal activity appears to occur 
at days 10 to 15 and then declines to basal values by days 
35 to 40 (ShiIk and Siabenfeldt* 1979). 

Unique to the bitch, progesterone is produced before 
ovulation by follicular Luteini£alion T approximately concur¬ 
rent with die preovulatory LH peak. Serial evaluations of 
serum progesterone concentration* during proesuWestnrs 
can be used to indirectly determine the preovulatory LH 
peak and thus determine the time of ovulation in the bitch. 
This methodology, known as wit fori on riming, is used to 
improve breeding management. The bitch typically exhibits 
sexual receptivity (behavioral cstrus) when the serum con- 
central! on of estrogen is decreasing and progesterone is 
increasing „ 

Synthetic progestational compounds (progestagens) ^re 
commercially available, Megestrol acetate has been mar¬ 
keted as a drug to suppress estrns or inhibit ovulation, 
depending on the time and <kise of administration. The 
method by which progestagens inhibit foUieukigenesi* and 

ovulation is not precisely understood. It appears that while 
megestroi acetate will not decrease the serum concentration 
of LH that js already at low basal levels, it can possibly 

prevent the increases in LH that normally occur m the end 
of anestrus (Concannon, 1993). 

Testosterone 

Produced by the interstitial cells of the icsics* testosterone 

is necessary for gonadal development, spermatogenesis, 
and libido in the mate. The normal function of Sertoli cells 
to promote spermatogenesis depends on an intmiesticular 
testosterone concentration that greatly exceeds circulatory 
levels. (Camjihers. I9fth). Pharmacologic administration of 
androgens, including testosterone, cart induce infertility by 

negative inhibition of LH and FSH release, which are 

necessary for spermatogenesis. Testosterone is convened 
within die prostate to dihydrotestosterone, which promotes 
development of this gland ami the eventual formation of 
benign prmtatic hyperplasia in mature dogs. 

Testosterone and the androgenic steroid mibolerone 
have been used to suppress ovarian activity ami thereby 
prevent estrus cycles in the bitch. Mibolerone is spec ideally 
approved for this use. although the duration of time from 
discontinuing administration to the occurrence of the next 
cstrous cycle is variable. Persistent anestrus (i.e,, lack of 
return to esuous cycles) has been a problem in some 
greyhound bitches treated w ith testosterone to prevent es- 
tnis cycles dining racing. 

Inhibitors of GooarUl Steroids 

Tamoxifen is an estrogen antagonist that has been m&d to 
treat women with mammary carcinoma. Tamoxifen appears 

to have, at least in part, a direct estrogenic effect in the 
bitch. Some bitches treated with tamoxifen had observable 

vulvar edema, sanguineous vaginal discharge, and. in some 
cases, pyometra of the uterine stump (Kitchcll and Fidel, 
1992). Tamoxifen and clomiphene, another antieslrogemc 


compound, have been used to promote superovulation m 
women, possibly by promoting an increase in endogenous 

FSH release. 

Ami gestagens are agents that inhibit the effect of pro¬ 
gesterone and have been investigated as abortion agents in 
humans (i,e,. mifepristone. RU 486). Preliminary studies 
have documented the effectiveness of mifepristone to ter- 
minate pregnancy in bitches (Concannon ei al., 1990), 

Finasteride is another useful inhibitor of gonadal ste¬ 
roids. Testosterone is converted to dihydr otestoxtetone 
fPUTj within the prostate by the action of the enzyme 
Scoreducuse^ Trophic in its effect DHT induces benign 
pro static hyperplasia. Finasteride inhibits the action of 5« 
reductase, thereby reducing DHT concentrations within the 
prostate. Developed for use in men with prostatic byperph- 
via. finasteride has been investigated for similar use in dogs 
(Cohen et al. * 1991L 


Prostaglandin F± t 

Administration of prostaglandin fj* (PGF io ) induces a di¬ 
rect luteolytic effect in bitches -said queens during preg¬ 
nancy or diestius Induction of lutcolysis depends on dose, 
1 frequency of drug administration, and time during dicstms 
that the drug is administered. .After day 30 of dicsirus, 
PGI ^ is reliably Juteolytic in both the bitch (Feldman et 
al., 1993) and queen (Shiite and Stabenfeldt, 1979). Coi- 

pora lutea are relatively reds tan l to luieolydi by PCFj. 

during the first 5 days of diestrus m the bitch (Romagnoli 
el al, 1993), There is evidence that FCF< fl will cause either 
a transient decrease in progesterone production or complete 
luteolysis when administered during early diexmts after 

day 6 (Romagnoli el al.. 1993). In addition to a direct 
luteolytic effect, FtiFj* also has a stimulatory action oti the 

myometrium to evacuate uterine luminal contents. The 
drug is therefore effective as an abortifocient and for the 
treatment of pyometra in the bitch and queen 

Additional effects of PCJF * administration include pant¬ 
ing, nausea, vomiting* diarrhea, hypersalivation, and tachy¬ 
cardia in dogs and vocalization, m\ tin ;isi *.. and possibly 

vomition and diarrhea in cats. These adverse clinical signs 
usually stop within 20 to 30 minutes of drug administration. 

The drug is preferably administered after fasting in tin: dbg 
and cat to decrease the ini)deuce of vomiting. '1 Tie adverse 

effects of PGF >„ .-arc potentially dose related;,, although there 
is individual sensitivity, and signs may abate: after repeated 
dosing. Although extremely rare. cardiovascular collapse 
after .PGF.„ administration is possible. 

Most protocols using PGF^ are bawd «n the formula¬ 
tion of dinoprost Etomethamine, This product is not ap¬ 
proved for use in dogs or cals in the United Slates, Al¬ 
though the use of this product in the biich and queen is 
considered experimental anti informed owner consent is 

advised, the use of POPis established in the veterinary 
literature. The more potent synthetic PGF^ analogues (ch> 

prostonol and flupro&rcnoL) are not recommended for the 

dog and cal: studies regarding the use of these compounds 
are investigational at this time, 
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mere hilly available. have been invent it aied as agents (t» 

induce estrus in bitches. The advantage of GnRH analogues 
is their re la lively longer bioavail ability and increased po- 
icnn Concannon i 1489) reported the use of ft> IrjVNme 
Leu Pro'N El |f ritRH administered via a constant infusion 
device Twenty-four bitches received 1.7 to 2,? pg/kgAJay 
subcutaneously iSC) for 14 days, nine bitches ovulated .ind 
whelped liners. In a preliminary report, ihe use of |i> 
TrpTrt» M NLt|GnRH was administered to bitches < I p.g/kg 
SC every K hours) by the following protocol: every 8 hours 
SC injections until the observation of behavioral estrus 
after which treatment was continues! for another 3 days at 
hall the original dose (ic „ (1.5 pg/kg S( every 8 hoursi 
[( am el a!., 1940). Hour of sin bitches treated with this 


protocol whelped liners as a result of an induced estrus. 

The gonadotropins FSH and LH have been investigated 
with numerous protocols as agents to induce estrus in the 
bitch Most protocols use either eCG or HSH lo stimulate 

folliculngenesis and hCG to induce m illation Some proto¬ 
cols additionally utilize DBS administered before gonado¬ 
tropins; estrogen can increase the responsiveness lo gonad¬ 
otropins. Gonadotropin protocols are largely unreliable and 

can induce adverse effects <i,c., ovarian hyperst limitation 
with hvperestrogenism), and with some protocols an abnor 
mal luteal phase was dctecied (Cain, 1489). One report 
md scaled great success with the currently unavailable prod- 

act PLH, (Hums Biotech) {Moses and Shille, 14X8), al- 

though M is unknown what the relative biopnlcncy of FSH 
and LH was in the product marketed as R|, H Thai proto¬ 
col was investigated Using greyhound bitches thal had 
previously received testosterone lo suppress estrus during 
racing. Those bitches had not received testosterone during 
the 12 months before inclusion in the study, and none of 
the bitches had an observed proestms or estrus during ih e 
period of time. 

The protocol was as follows; DBS was administered (5 
mg/hitch per day orally |PO|i until proestms was evident 
and then for 2 days thereafter. If no signs of poestrus were 
observed by day 7 of PBS treatment, the dose was doubled 
i 10 mg/hiteh per day POj until a response was elicited (not 
to exceed 7 additional days of DBS therapy) On day 5 of 
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proestniv. PL H, was administered (5 mg/biich intrarnuscu 
tarly and on days 4 and 11 of proestms PSH was 

administered (10 mg/hitch IMi (Moses and Shille. 1988). 
All seven bitches in this repon became pregnant w hen 
during an induced estrus, This method utilized gonitdulro- 
pin administratum in a reverse sequence to that of other 
reported studies.. Because the LH used in this study was no 
longer available, an attempt to modify the protocol using 
hCG in place of LH a;i^ attempted, but results were disap, 
pointing (Shille et al.* 1989), 

Subsequent studies into ihe use of DBS as a sole ageni 
to induce estrus may indicate that the DES used in other 
protocols was the primary active agent, and perhaps the 
administration of additional hormone pox!nets decreases 
the response. Fertile estrus has been induced in hitches by 
the sole administration of oral DBS. In a preliminary report, 
DBS (5 lug/hifch PG) was administered daily until proes 

trus wa> observed and then for 2 days thereafter (Bouchard 

ct aJ„ 1943), The DBS therapy continued for 6 to 9 days 

and resulted in an induced procstrus Listing 0 to 2 days 
irange) and on estrus duration of 15 to 26 days (range) 


The preovulatory LH peak occurred 13 5 ± V7 days after 

the last day of DBS treat merit, although one treated hitch 
did not have a delectable preovulatory 1 11 peak All five 
treated hitches in this vtudy became pregnant, four hitches 
whelped ai term, and one bitch aborted, The lengths of 
proes trus and estrus and the sizes of the liters did not 
significantly differ between treated and control groups 

(n - 5 in each group). The hitches used in this study were 

treated during a defined period of anestrus (45 to 129 days; 

mean in? * 13 days., which resulted in a shorter period 
of anestrus than is normal for the colony {175 + 87 days) 
Additional investigation into the use of DBS as an agent 
to induce fertile estrus is needed before client-owned 
bitches are treated, T7ic optimum dosage ^chntuir itrui 
potrniuit for toxicity nrrd to hr assessed- 

Another method to shorten die naturally long interevirus 

interval in the bitch is by the administration of a dopamine 
agonist to decrease prolactin secretion. Prolactin secretion 
may alter ovarian responsiveness to gonadotropins: the 
continued presence of prolactin during anestrus may he 

responsible for the duration of this phase of the cstrnui 
cycle. Decrease in prolactin secretion can shorten the 
length of anestrus and can induce estrus it treatment occurs 
during late anestrus. Bromocriptine (20 p.g/kg twice daily 
administered 112 ± 4 days alter the lust onset of procstrus i 
was used in one study to decrease the interestms interval 
in hitches (Van Haalten ct al„ I98H|. Bromocriptine causes 
vomiting, and investigation into its use has been largely 
replaced by (be dopaminergic drugs cabcrgoline and meter 
go line I wo protocols using metergoline were reported in 
one study <Handaja Dusrtti and Tain tuner. ]943). Bitches 

were treated with metergotinc (12.5 mg/tmeh CM every 3 

duysi unii] the onset of pnvstros. Response to therapy was 
considered positive if proestms was observed within 40 
days after the first day of treatment. IK of 20 bitches so 
responded. Ten of these bitches received no additional 
treatment and were bred, and nine produced litters Bight 
other hitches, responding to metcrgoline were additionally 
treated with hCG <500 lU/hitch IM) during laic proestms 
Six of these bitches ovulated, and four achieved pregnancy. 


6i4 


A SyuLcir&s Appnwtrh 


Overall, the metergolinc protocol without hCG was more 
effective in producing pregnancy* 

The ad mini stratum of PGF^ can also shorten the inter 
estrous interval if administered during diesiru_s. Diestrus 
normal I v has a duration of hfl to 70 days in the btlch and 
Juicolytic therapy with PGF^ abbreviates this phase of the 
csimus cycle. Bitches that have undergone luted y tic ther¬ 
apy wilt still enter a phase of ancsirax for a variable 
period, but the return to pruestrus/cstrus can be sooner than 
expected by I to 2 mouths 

Induction of Estrus in the Queen 

The domestic cat has been used as a model for reproductive 
techniques (hat can apply to preservation of the nondomes* 

tic large felines (Goodrowe ct al. 1989). Queen? arc appar¬ 
ently sensitive to effects of gonadotrophins administered 
io induce fol I tculogenesi s, but production of anovulatory 
follicles or c> *is can result The admInistration of eCG as 
a single bolus <100 IU) to anestrus queens, followed in 5 
to 7 days by a single injection of hCCi ISO ILT. resulted in. 

a pregnancy rite that was comparable with natural matings 
(Cline et ah, 1980), Daily administration of FS.H.-P (2 

mg/queen per day IM) for 5 to 7 days results in 72% of 
queens that will mate and deliver normal offspring (Wildi 

et ah, 1978). 


Indue tion of Ovulation 

Ovulatory Failure in the Bitch 

Ovulation failure- is rare in the bitch. Too often* hitches are 

suspected of ovulatory failure when they have seemingly 
long proestjous and estrous phases, produce small litters, 
or fail to conceive. Bitches can have signs of estrus, and a 
folly comitted vaginal smear, for up to 21 days before 

natural spontaneous ovulation. Also, bitches can have a 
split estrus: signs of procsmis/cstrus without ovulation, a 
period of anesims for several weeks, and then return lo 
proe situs. Often the second estrus will be ovulatory and 
fertile. Split estrus is more common in pubertal bitches but 
can occur in mature bitches* 

Ovulation cannot be reliably defected with ultrasonogra¬ 
phy, and direct visualization bs laparoscopy is not possible 
due to the ovarian bursa (nor would it 'be; practical); thus* 

the determination of ovulation can only he attempted indi¬ 
rect! y. Serum progesterone concentration can be measured 
in bitches that historically fail to conceive. The riming of 

the progesterone measurement is important, it is recom¬ 
mended to evaluate progesterone during the first few weeks 
of diesiru*. Serum concentration of progesterone should be 
in excess of 5 ng/mL (and generally in excess of 2b ng/ 
mid at this rime. A progesterone level of less than 2 mg/ 

mL indicates either ovulation failure or luteal insufficiency. 
Values between 2 and 5 ng/mL are also abnormal and 
can indicate ovulatory failure, luteal insufficiency, or an 

uncommonly low progesterone production during dicstrus. 

Bitches that have normal proestrus and estrus hut appar¬ 
ently do not ovulate can be given hormonal products to 
induce ovulation To mimic the preovulatory LH peak, 
cither GnRH or hCG can be administered at the point 


of follicular maturation. The determination of follicular 
maturity is difficult. Incorrect administration (i.e,, inappro¬ 
priate timing) of either preparation can cause preovulatory 
luteintzation of follicles without ovulation or the ovulation 

of immature, nonviable ova It has been recommended to 

administer either GnRH (50 jig/bitch IM) or hCG (500 to 

1000 lU/bilch IM) on either the day before or the day after 

the first breeding (Burke, 1986). .Birches can begin sexual 

receptivity several days before or after spontaneous ovula¬ 
tion; therefore, this protocol is questionable. It may be 
advisable to in ensure serum LH concentration daily dm mg 
proestrus and estrus and administer either GnRH or hOG 
on the day of the natural preovulatory LH peak This 
presumes that the bitch produces enough LH to measure a 
peak but either does not produce enough LH to cause 

ovulation or has another factor inhibiting ovulation* Bitches 
that fail to ovulate may not produce a measurable LH peak* 
in which case this recommendation would also Tail. Clearly, 
more Investigation is needed in this area. 

Ovulatory Failure in the Queen 

Queens can be sexually receptive before follicular iratura- 
tion. Limited mating before die third to fourth day of estrus 
can result in an attenuated LH secretion and ovulatory 

failure (Banks and StaheiifeLdi. 1982). Additionally* al¬ 
though an LH response after one muting will occur* a 

maximal LH response ensuring ovulation of all mature ova 

will more likely occur if numerous matings over a several- 
day period is allowed, In one report* 10 of 48 queens 
ovulated after a single mating, whereas 30 of 36 ovulated 
after multiple matings (Wild! et al., 1980), Optimal breed¬ 
ing management includes mating three times per day at 4- 

hour intervals throughout estrus. 

It it is determined thai a queen fails to ovulate despite 
appropriate management* induction of ovulation can be 
attempted. Protocols with cither hCG or GnRH have been 
repotted as follows: hCG 500 lU/queen IM on day 1 of 

estrus fWikit wd Scager, 1978); and GnRH 25 pg/qveen 
IM on day 2 of extras (Qiakraborty et al, 1979)* 

treatment of KolJicufor Ovarian Cysts in Ritchie 

Estrogen-producing follicular cysts can cause prolonged 
proestrus, nymphomania, estrogen toxicity, and infertility. 

A Luteinized follicular cyst can produce estrogen or progev 

tcrooc and may cause persistent anestrtis and infertility. 
Ovarian cysts art* often detected during ovariohysterectomy 
ol older bitches as incidental findings. The detection of a 

cystic ovarian structure via ultrasonography can be a sig¬ 
nificant finding. The possibility of a cystic ovarian neo¬ 
plasm* which cm produce clinical signs identical to benign 
cysts* must be considered and is more likely in bitches 

over 5 years of age. The measurement of estrogen and 
progesterone concentrations from the fluid of peremane• 
ously aspirated ovarian cysts can assist the diagnosis of a 

functional cyst: this will nor, however, differentiate be¬ 
tween a cyst and neoplasm. 

Whether or not to attempt therapeutic intervention when 
an ovarian cyst is detected is controversial; ovarian cysts 
can spontaneously regress (Davidson and Feldman, 1995). 
Estrogen-producing follicular cysts can be- luteinized with 
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(ante nj surgical castration in foe dog make treatment w mh 

GnRH [inuloguc\ for such case* unlikely The advantage of 
medical treatment versus surgical castration is the potential 
reversibility of infertility with cessation of down-regulation 
therapy, although the androgen-dr pende nt disorder ws^ild 
likely recur. 

Successful treat men I of benign pmsUdk hyperplasia us¬ 
ing ftruiMeride has been reported iCohen et aJ., 1^1 h The 
advantage of finasteride administration is the maintenance 
of sperm production becau.se finasteride decreases iiura- 
prosumc ditiydroiesiroterone concentrations md will not 
affect ultra testicular testosterone concentrations, Recom¬ 
mendations have been to administer finasteride to dogs at 

the dosage currently used for men: 5 mg/dog Pf) once 
daily, Whether a lower or less frequent dosing regimen is 
possible remains to be investigated. The disadvantage of 
finasteride administration is thal it is potentially teratogen k 
such that men receiv mg ii luuteride are advised not to father 
children investigation into the appropriate withdrawal pe- 
rk^d before breeding needs to be conducted before finaster¬ 
ide eon V mutinch administered in breeding dogs. 

The use ol progestagens ti c , rnedro*y progesterone and 
mcgestrol acetate) have also been reported as methods of 
treatment lu decrease prosiatk hypertrophy and maintain 
spent! production. The potential adverse systemic effects 

of these compounds (Le„ effects on growth hormone pro- 
duction, liver function, insulin secretion, mammary gland 
diseasei make this method of treatment less appealing. 


LH secretion, challenge testing is recommended to evaluate 

pituitary function. 

Treatment of this form of infertility depends on the 
etiology of the pituitary disease; fertility may be unimpor¬ 
tant in view of the dog's general health. Although the 
prognosis for return to fertility i> guarded, one protocol 

lining gonadotropin replacement therapy is to administer 

MXJ1U hCG biweekly fSC or IM) and FSH at either 1 mg/ 
kg IM every 48 hours or 23 mg/dog SC once weekly 
(Feldman and Nelson, t9^6>. Because spermatogenesis and 

spermatozoa maturation requires approximately 7? days, 
therapy must be continued for i months before the effec¬ 
tiveness of this protocol can be evaluated. 




Sonic reproductive hormones have been misused for many 
years (Tabic 34 3), Assumptions made on incomplete in 
formation about canine reproductive physiology and lack 

of option alternatives led to the development of lbe*e 

protocols in the pasl. < 'intent knowledge and other alterna¬ 
tives (ie,. for mistiming in bitches) have resulted in the 
discontinuation of these practices, which are now consid¬ 
ered inappropriate. 


Trmtmmf of idiopathic tftferiiiity 


Hypogonadism 


infertility in the Hitch 


HypogonudotropK hypogonadism, a congenital condition 
in which the pituitary fails lo produce gonadotopins, occurs 

in men. Affected men can respond lo gonadotropin replace¬ 
ment therap) with resultant fertility. H> polked am ic or hypo- 
gonadotropk hypogonadism has not been documented to 
occur in a congenital form in dogs. Acquired pituitary 
dysfunction can occur in dogs with space-occupying neo¬ 
plasm:-., bur the diagnosis of hypogonadism is difficult 

Lack of negative feedback inhibition causes dogs with 

primary testicular degeneration/atroph) to have high serum 
LH and FSH concentrations. If primary pituitary failure 

the cause of azoospermia, the serum FSH and LH 
concentrations would be low. At present. FSfi assays are 

not clinical I > available for the dog. Because of the nature of 


Physiologic processes that control folliculogenesis in the 

bitch are complex and involve precise, minute amounts of 
hypothalamic and pituitary hormones that are sensitively 
controlled b> the ovarian feedback loop. To interrupt foe 

hypothalamic-piiimary-ovarian axi* pharmaeoIogical \ y 

leads to dysfunction, rather than an augmentation, of foe 

system. The rational administration of GnRH requires pul¬ 
satile administration foe use of GnRH analogues results in 

down-regulation, and the use of gonadotropins is largely 

unsuccessful to induce fertile esirus in kno*n fertile 


bitches. There is no evidence to support foe use of these 

hormones in bitches with a history of infertility or de¬ 
creased fecundity. Careful evaluation of foe underlying 

causes of infertility and optimal breeding management with 


Table 143. Misuses of Reproductive Hormones 


IfMvittr 

Hmwm Misused 

Co reside rations: 

AhHimfivtft 

Female feitalihi) 

CitRH. gunadocraptmi 

All- r -i:-' . of feedback loop decrease it 

Appropriate du|nntlk nduation; 



leryiii; 

oblation tintnf and optimal breediag 




□uiWgcmcnL 

tik iAicTtiluv 

m 

(JnK H gnnadetmpiihi. 

Lack at effect or decreased fertility 

Appropriate diagurtsta-i evdwatun 


itwtanerone 

ifhinhtrronc nkcntiiHrt 




spermalnpeiK^i'i 


MisrTMlinK 

E,ani£cn> f DES w FTP y 

Cur (mnt tunc mjKTntt toxic i ly 

Earl) or late JkMros tremtwm with 



■ isEen ilny, py «ne tn 

M':, 

Bttgl pfuvuik: 

:• -:i s : .i . DESi 

Cun cjmik s^uiuan rtBUplwijj end 

C-ndmuon; treai wiih ftiuwhdt 

hyp..-rpi im i 


incKwcd rivk ol bacterial 




piveuitii i s 



DLS - didhyMiHv^n^., LOP - ^iradkil rjfio—r OnHH = pons,■> i. vtft retaking hvnvhws KJFj» = F^- 
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* Appendices 


Table 1 Offices of the Center far Vat*finery Medicine 


Deportment «*l Health and Hutmn Service* 

Iwnl ind Diwg Ad mini tin Lion f8IUL-4«3.6:H?) 

toner oi Veterinary Medicine f.VU-5d4-n55 
Office of «ht Cenier Dir mo# (301-.SU*. 1740) 

Director; Stephen 3F Sundlof. I>VM, PtiD 
Deputy third or Mkhvl J. Black-well. DVM, MPH 
AisuoitMi Didfittoi for Policy ud R{/ulj[i«b 

Office of Mzrtugniteni aid Commuftk ilium f30I A94-1752] 

Dnwior; Rfihcrt W. Sauer 

Oftke of New Mima I Dm* EsUiuiino 1301-5WMO>) 

Dfewnr: Clanr M ijAm. FtiP, FCR 

fhvhiunuf Theripciilii: Dtup fur Non -food Animals 

Melanie R. Bcnon I 3QI-325-754311 

Cun^wiiun and Wildlife Drugs 
Team Leaden Elizabeth A. Luddw PhD {3D1-827-01331 

I'll vluuit of Therapelilies for Food A tutuli 

Steve \fenghn G#t 427*75301 

Office of SurwillMwe and Compliance f.V)l -K2 1 -fiM41 
Director: iLitek R. Jblkfvoo. DVM, MPH 
Office of Research (3D I x 2 I -80 ] 0) 

Director: Noma E. A Id c non F PhD 
Conunuflicaifflu Staff 

P»tot1 of; John SdKid 0DI-H745I4) 

Deputy Dircclnr I in da Grucic (301'827-65131 
Prveducn of InlomhaiMn Officer. Marilyn H. Broderick 


lion have done an excellent job in putting together and 
publishing symposia that delineate and discuss the implica¬ 
tions of FDA actions. In addition, the American College 
of Veterinary Clinical Pharmacologists and the American 

Academy of Veterinary Pharmacology and Therapeutics 

pros idc guidance through publications and consultation. 

Finally, the FDA appe&n to be willing to answer m\ 
questions or concerns one might have regarding the use t>f 
togs in animals, in the Center for Veterinary Medicine, 
the Office of New Animal Drug Evaluation consists of the 

Division of Therapeutic Drugs for Non-food, which in turn 
contains a Companion and Wildlife Drugs. Note that there. 

are other federal agencies that regulate the* use of drugs in 

animals, including the Environmental Protection Agency, 

the Animal and Plant Health Inspection Service, and others 

(see Table )). 


Drugs Defined 

A drug is well defined by the FDA, It must be recognized 

as such (e.g„ fey the U. S. Pharmacopeia; USP); intended 
for diagnosis, cure, mitigation, or prevention of disease in 

humans or other animals inote that the FDA defines he- 
mans as animals); intended to affect body structure or 
function; or a component of any of the above In HHifL the 
FDA first made a distinction between human and veteri¬ 
nary-labeled drugs. As with most regulations since that 

time, the distinction reflected a concern For human food 

safety. At that time, an animal drug was adulterated if used 

in m extralabel fashion. Thus, a veterinarian could not 
modify a dosing regimen, therapeutic intent, and so forth 
of ii drug without being liable in both criminal and civil 
courts Currently, a New Animal Drug is “any drag in¬ 
tended for use in animals other than man , . , not recog¬ 
nized , , , as safe and effective under conditions on the 


label." A drug's Label includes the label on the product as 
well as any accompanying material. A prescription drug is 
tie fined fey whether or not adequate directions can be pre¬ 
pared for use of the drug by a layperson. Any drug for 
which this is possible must be sold as an over she counirr 

(OTC) preparation: any other product is a prescription (Rx) 
product that must hear the phrase: "Caution: federal law 

restricts this tog to use by or on the order of a licensed 
veterinarian," Trying 10 identify the. approval status of a 
drug can be difficult. Obviously, if the label has this cm- 
nonary statement, an NAD A (new animal drug application) 
exists for the drug and it can he used legally according to 
the tahef specifications * Determining whether an NAD A 
exists for a drug can. however, fee difficult. If the drug is 

listed in the veterinary versions of the Physician !t Desk 
Reference (i.e.. the IfrVrfnary Drugs am f Biological Prod¬ 
ucts published by Medical Economic s or the Compendium 
of Veterinary Products published fey Bayer Animal Health 
(both basically arc copies of package insects |h then the 
drug has an. NADA. Note that drugs listed in veterinary 
textbooks (including formularies, pharmacology texts, in¬ 
ternal medicine texts, and bo forth) do not necessarily have 
an NADA. Other sources include members of the American 
College of Veterinary Clinical Pharmacology, tine FDA 

Green Book, or the Handbook of New Animal Drugs, 
published fey Shotwell and Cairn 


The Drug Approval Process 

From discovery of a new compound (including isolation 
and synthesis) through itt development (including estab¬ 
lishing safety and. efficacy) to its marketing involves re¬ 
searchers and clinicians and a consortium of regulatory, 
industrial, and often academic investigators. 


Human Drugs 


Tiie .Approval process, for (human) drugs in the United 
States has been described os the most vigorous in the 
world, costing on average S359 million to move a drug 
from the laboratory to the patient. After identification and 
isolation of a compound, its safety is established in labora¬ 
tory animals Pmchmmi testing studies include acute and 

chronic toxicity studies focusing on the reproductive status, 

mutagenicity, and carcinogenicity of the drug. A safe Jos- 
mg range is- established, requiring both pharmacokinetic 
and pharmocodynamic (dose response) studies. At this 
point, if the compound is considered a potential candidate 
for approval, an fND (investigational New Drug} is filed 
fey the sponsor, along with protocols fra clinical testing. 

This phase requires approximately 5 to 8 years, and gener¬ 
ally only 1 drug in 5000 evaluated succeeds in this phase. 

At this point, if the compound is considered a potential 
candidate for approval, an IND is filed by the sponsor 
along with protocols for clinical testing, Approximately 
2000 1 INDs are filed with the FDA each year. Long-term 
safety studies will continue in animals as the drug enters 
Ptlue I clinical tn.iK in humans. 

The clinical phase of drug approval involves three dis¬ 
tinct phases of clinical trials that provide the basis of the 
tog label. Phase ! is conducted on a small number of 
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m \mals (i.e,, a drug approved in Canada. Mexico, ot Eu 
nope but nor the United States>. Occasionally, the FDA 
may recommend that an I NAD be obtained for the use of 
a drag recently approved lor use in humans because data 
regarding the safely of the drug are prohahh still be:rjg 

collected for human*. An IN AD may also be recommended 
if the drag is toxic (especially carcinogenic) or it is sched¬ 
uled (regulated by the Drug Enforcement Agency). If an 
JNAD is obtained* veterinarians must keep records regard 
mg the use of the drug and must notify the FDA every time 
a shipment is requested or an adverse reaction occurs. 

i xtrapolaiion of human drugs to animals should be 
accompanied, whenever pc?v^ible» by scientific studies that 
support proper dosing regimens. Recommendations regard¬ 
ing the extrapolation of dosing regimens among species is 
addressed in Chapter 2. 

Generic Drugs 

Pharmacists can dispense an equivalent, less expensive 
nonproprietory (generic I drug without preseriber approval. 
An exception occurs if a state has a mandatory substitution 
law or if the brand name product is dispensed along with 

a Dispensed as Written <D, A. W i order. Generics may be 
pharmaceutically equivalent but may not be therapeutically 
equivalent. Those tested by the FDA md found to be 

thempeuiically equivalents arc listed in Approved Drug 

Produi ts with Therapeutic E^unaUrur Evaluations, other 
wise known as "Ac Orange B™4." Generic products not 

only contain the sartw active ingredient as trie proprietary 

drug but also meet biucquivalence standards. Substitutions 
of generic drugs for proprietary drugs are recommended 
only for those drugs shown to be therapeutical I > equivalent 
Examples of drugs ihai are not therapeutically equivalent to 

their brand name counterparts include digoxin, phenytoin, 

conjugated estrogens, and skw-relea.se theophyllines Fhe 
Orange Bm:>h addresses therapeutic equivalence in human 
medicine, and veterinary clinicians should not mistake ther¬ 
apeutic equivalence established in humans to bt the same 
in animals. 



Drugs considered to be associated with a potential for 

abuse or physical dependence are restricted by (he FDA 
such that specific requirements must be met when file drugs 
arc prescribed. The classification reflects the perceived 

level of potential abuse or physiologic or psychological 
Table & Schedule Drugs 

Schadulc 

J Hi^heft i ■’ of itbuNC. dependence 

No media rial uw 

N hfi|>i ride of tbv^r ricprnimcc 

Limited iwtltfinal u>c 

III Moderate potential for abuse, dependence 

ALeepted Lhernpeuric uv 

IV Lw poteounJ fQt lbttit. dependence 

V LcriSt^l |h'h-i 1 1 ,■.! fur ;tfciy.se 


dependence, with Schedule 1 being the most severe (Table 

5). The specific requirements regarding the purchase, star 
age., prescription, and record keeping for controlled sub 
stances vary with each stale. Schedule l drugs have the 
highest potential of abuse and physical dependence. These 
drugs have no acceptable medical use in the United Slates 
and are not id be prescribed, but they can be obtained for 

research purposes. Heroin is the most notable example. 

Schedule II drugs, exemplified by cocaine ami mor¬ 
phine. are considered to have a high potential lor abuse 
and dependence but have some medicinal worth. Prescrip¬ 
tion refills are not allowed for these drugs, and they cannot 
be prescribed by telephone. Selecied states require a special 

prescription blank Schedule III drugs, exemplified by se¬ 
lected opioids and barbiturates, have a moderate potential 

for dependence and have an accepted therapeutic use. 
Schedule IV drags, exemplified by diazepam and more 

recently by butorphanol, are considered to present a low 

potential for dependence or abuse, These drugs can be 
refilled, bui only u> a maximum of Hvc times; the prescrip¬ 
tion is effective only fin 6 months. Schedule V drugs, 
such as buprtnoiphine and diphenoxylate, have the Lowest 

potential of abuse or dependence. Restrictions for drugs in 
this schedule are limited to age (humans), distribution by 
a pharmacist, and purchase in limited quantities. These 

drugs include selected antidiarrheals and antitussives. 



Advert drag reaction have been described in this text. 

Report of adverse reactions is an important means of moni¬ 
toring the safely of products as well as communicating 

unexpected adversities. In addition to the vehicles listed 
here, letters to the editors or case reports in veterinary 

journal's or continuing education programs can be effective 
tools for reporting adverse drug reactions Additionally, 
the adversity should be reported to the pharmaceutical 
company 

Center for Veterinary Medicine* Food and Drug 

Administration 

Both veterinarians and animal owners are encouraged to 

report adverse drug reactions, adverse experiences, or prod¬ 
uct failures. Problems with animal drugs* devices, and 
foods can be reported to the FDA by submitting FDA 

Form 1932, Veterinary Adverse Experience Lack '}/ Effec¬ 
tiveness or product Defect Report The form is- pre-ad - 
dressed with postage prepaid. Reports are made to ABE 


Hcrom. IraUuci itojfm il-SD nimtulihe, «t|anj wuM>. inttjdw^ufttinc 

Dvfc' iv mwpfaK. meperidine, tcnuatyS, oxynurpltone partutourbiiul, (nrdiyJphcnjJBtc 

Selected opkml^ and barfarituntp* 

Diazepam. chloral hy irate chlordiozepos jdc pboaobacWul, propuxyphtnc, anabolic sicnnib 
Huprcnorptii ne, diphenoxylate 






U5P PRACTITIONERS' REPORTING NETWORK 

The Veterinary Frjcffiionen' Reporting Program is presented in cooperation v, iih 

the American Veterinary Medical Association tAVMAl 


SM 


i 



I. Descnbe ttie reaction, problem, or medicabcm. error 




3 for ({u oei nes Attach separate sheet if 




CtHVtptefc MMtari 3-14 In th* boned iru to report an .iiHvene event. Ship to pif« 2 fof ot^er pFGfetaim 


Date of 

administration 


4 Date of onset of 
adverse event. 


5, AnuTwtfCase ID 


Reason tor product usage 


Administered by: □ Veterinarian 

□ Other_ 


J Technician 


□ Owner 


A. Product administration 

Dose & interval_ 


Length of treatment: 


Concurrent procedures and chncal problem^products 

administered, nducfrif pesbodes, chemicals, *eed 


Route _ _ 

For ammals managed In a group I herd flock, utter etc.), 
n umber of animals treated:__ 


9 Species 


10 Breed 


11. Ace 


a Sex 


1S Weight 


14, Reaction*Problem information 

Number of affected 


The fraction continued 


until death 


In the. 


Overai state of health at time of product acknmrstradofi 

□Good □Fair □Poor □Critical 
Time between the artM ackninfjtrattcn of (he suspected product 

and (he onset of rescUon: _ 

Tune between last admmistrjiion of suspected product and 
onset of reaction (if diffenfflnt From 1 Ac) 


When the reaction appeared, 
administration of suspected product- 

□ had already been K*np*rtecJ 

JhK discontinued due to reaction 

□ was discontinued and replaced with another product 

J was discontinued and reiniroduoeid later 

□ was conlm j«i at altered dose 


□ with specific treatment 

□ with nonspecific treatment 

□ with no treatment 

marred □ [comment « Hem 11 

Was the reaction treated 7 

□ No □ Yes (describe tre atm en t in idem I) 

Outcome 

□ Recovered from reaction J Other (comment m item I) 

□ Oed from reaction □ Eutfcanmd due to th*S Advene evrre 

□ EuUi*nzed, | cui(ed for other reasons (comment in item 1) 

Vetefinafiarf* fevdi of suspicion that produces) uums! die 

□ High J Medium □ Low 

Mas the animal received (his product tn the past? 

□ No □ Yes tfyes, describe reaction, if any. in item 1 


Return. EE3 tfw attention oT 

punt 0 . COuftm R Fn. 

LSPPRN 

1 3*01 TwwiDfook ParlMty 

noodle ho joes:1 m 


tan Toll Fret aoO-4-LSP «N 1800^87--7776* 
wFAX 505 016 0552 

LrSP PRN Km* page hop: Www usa.org’fmVprp 1 1® 

Efocrora reporting fow* arc Mdim. *%**«!! for 

aOMiOrtgl infyrmataon andtat ywr ft{# dOmhe 


r IV Aurro 



P tease complete other side 


t mv 


figure t USP PraclJtinnciV Reporting: Network adverse drug reartiom reporting ('arm. «Pnim the l.'SP Practitioners’ Repotting Netwurk^ 12601 
Twmbruok Purtwnj, Rockville. MD 2G&32-1T90 .} 
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number because the decimal may be missed, a /era is 
always used to designate a fraction fe.g.. 0-51 because the 
decimal may be missed) and (he use of abbreviations that 
are similar (eg., use of U for unite [easily mistaken for a 

OJh Writing numbers as wnrcte m lieu of or in addition to 

numerals may facilitate safely, particularly with toxic 

drugs 

Labels for prescription drugs should include (he name, 
addresv and phone number of the prescribe!-* the patient 
and owner’s name (and. for controlled substances, address 


and phone number); animal Mine (if appropriatej and spe 
cies; dispensing date; drag name, quantity* and strength: 
instructions for use; and appropriate precautionary state¬ 
ments. Slate regulations regarding the contents of the drug 
label may vary. Drugs should be dispensed in a childproof 
container unless requested otherwise by the owner, a signed 
request should be kept in the record if so requested. 


ETHICAL 

TRIALS* 




Assurance of 


Use of A nirmls 



the Nuremburg Code and Declaration of Helsinki. With 
minor modifications, most of the guidelines delineated in 
these two documents also are applicable to the veterinary 
pattern (client-owned animal) used in clinical research. 
Like human medical counterparts, veterinary clinical re- 
search facilities should institute a mechanism by which 
adherence to these guidelines is assured. 

Welfare of Experimental Animals 

Experimental animals are protected by guidelines offered 
by the Animal Welfare Act of 1966 and its subsequent 
amendments. The Public Health Service Policy (PHS) on 
Humane Care and Use of Laboratory- Animals fie., the 
National Institutes of Health Policy) requires compliance 
with this act of all institutions receiving PHS funds. Most 
research facilities (academic institutions) have Laboratory 
animal care committees which assure compliance by indi¬ 
vidual investigators with the PHS policy. However these 
committees are not necessarily charged with the cart of 
client-owned animals* and often (as at Tea as A & M 
University \ will agree that research involving client-owned 
animals does not fall under their purview 


The use of animate in prospective research studies is be¬ 
coming increasingly controversial. In this section* consider¬ 
ations for client-owned animals are contrasted with experi¬ 
mental animals that are owned by the research facility. 

Included in this Litter group are animate that have hem 
donated by clients. This section also discusses ethical con¬ 
sideration for humans* experimental animals* and client- 
owned animals in clinical trials. General ethical considera¬ 
tions for all clinical trials will also he presented, 

High In of Human Subjects 

11 is not unreasonable to expect the same concern and 

consideration for veterinary patients that is given human 
patients used as clinical research subjects. Human patients 
involved in clinical research ire very well protected against 
inhumane use, The Nuremberg Code of Ethics in Medical 
Research 1194bi emphasises the rights of the experimental 
human subject. The Declaration of Helsinki (1964) as 
adopted by she World Medical Association went further 

and mandated that: 

1. Such research must conform to scientific principles; 

2. Design and performance of the research must be 
clearly formulated in a protocol; transmitted to a specially 
appointed, independent committee; and 

A Publication of results should accurately reflect the 

result^ of die study. 

The Declaration emphasized tltc right of informed con¬ 
sent and specifically addressed human medical research 

that n combined with professional patient care. Research 

facilities such as academic institutions that direct clinical 
research in humans arc guided by Institutional Review- 
Boards whose primary charge is to ensure compliance with 


'feicciptca from pDothf DM, Stelcr M: Pnipef utiptctttchlaflkifi ol 

ctinkll u .1 . In Dodds Wl <cdj: Wmiiun Midiciii SpKnIiutim: 
hridging Sdc«« and Medicine. Advance* in Vrtcctnio Science and 
Medicine. vot 39 OrlMfr. Acadenak Pr»s, |«5. 


Welfare of Client-Owned Animate 

In order to protect the welfare of client-owned animals* 
some type of review board should he in place. In 9 Univer¬ 
sity setting, a Hospital Review Committee (HRC> evaluates 
clinical trials and other types of clinical research (Boothe 
ei al* 1992), The term HRC will be used in this manuscript 

to distinguish from Institutional Review Boards (IRB ) that 
address human subjects in clinical research. The goads of 
an HRC should be: to protect the patient* client* institution 

.and attending veterinarian!t) from the intended or inadver¬ 
tent application of investigations that are inhumane or 
unethical; .and to promote the advancement of science 
through clinical research. The HRC functions to safeguard 
the welfare of the patient through the approval or proposals 
involving clinical research. Although its mission is not to 
provide rigorous review of the scientific merits of a pro 
posed study* decisions regarding the ethical nature of a 
proposed clinical trial may require the HRC to question 
the scientific basis and the scientific and statistical design 
of any proposals (Elliot* 1989 k 

General Ethical Considerations 

General considerations on the ethical use of animals in 
clinical Inals arise from the human research guidelines, 
•Sutra.* of the following consideration?; are most applicable 

for clinical trials using client-owned animals. An over- 
arehing truth is that it i% more ethical to perform a random¬ 
ized clinical trial than to use treatments of unproven effi¬ 
cacy. The patient's best interest can not be forsaken for the 
sole purpose of "therapeutic progress'*; rattier, treatment 
of the patient is (he priority. Completion of the (rial must 

not be rushed if it creates risks to the patient. In the study 
design phase* protocols should he developed for use in the 

situation where the risk;benefit ratio of the therapeutic 
intervention becomes too high during the course of therapy 
(e,g , the trial will be terminated* (he currently recom- 

Coovriqhted n 
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an adverse reaction occur or client withdrawal be desired 

Relevant information that should be included in this section 

is as follows: 

1. An explanation of whether compensation ot treat 
ment will he available if injuries occur; 

2, A statement regarding the client's right to withdraw 
at any tune with no change in patient care; 

.1 Who iii to be contacted in the event ot an advene 
reaction/injury or sf questions regarding tire study arise; 

4. Conditions tliMl might lead the investigators to with* 
draw a patient from the study > e g, noncomptiance, ptK.nr 
record keeping or “escape criteria/* such as a worsening 
of (he disease being tested); 

5. A statement regarding financial obligations of the 
client should his or her animal be withdrawn from the 
study; and 

6. A statement allowing the client to seek .» second 

opinion regarding the cause of death should his or her 
animal die while participating in the study. 

The fifth paragraph ensures the confidentiality of the 
study. Points to be included are: 

1, A statement that assures that "the data collected from 
the animal will be kept confidential; 

2. A statement regarding notification «f findings that 
might affect the willingness of the diem to continue par¬ 
ticipation; 

3, A statement regarding notification of the results of 
the study upon its completion; and 

4. A statement verifying that flic client ha s participated 

in this study willingly. 

Each page of the informed consent should be numbered 
and accompanied by a place for the client's initials nest to 
the number. 

Informed consent may bo waived under extenuating 
circumstances if the investigator and an unbiased clinician 

(one not paxtiepating "in the study l certify in writing all of 

the following; 

1. The patient is confronted with a life-threatening situ¬ 
ation that necessitates tine use of the intervention being 

tested: 

2. Informed consent cannot be obtained from a legal 
representative of the patient (ire., stray animals); 

3. There is not sufficient time to obtain informed con¬ 
cern from the patient's legal representative: and 

4. There is no alternative method of approved or gener¬ 
ally recognized therapy that provides an equivalent or 
greater likelihood of saving the patient's life. 


REPORTING AND REVIEWING CLINICAL TRIALS 
Data Reporting 


A clinical trial is not complete until the information is 
disseminated. Publications of results should 'he prepared 
and made available as soon as possible, Although most 
manuscripts are prepared after closeout, in certain instances 

interim publications are prepared 

Interim publications provide access to study results as 
they occur. Additional benefits might include easier prepa¬ 


ration of the final manuscript and 1 greater exposure of the 
study to the public. However, there are several disadvan¬ 
tages to interim reporting (Meinert, 1986), Results that are 
inconclusive may be confusing, if the results are discourag¬ 
ing, investigator enthusiasm may wane. Most critical is the 
possibility of bias in subsequent treatment assignment and 
data collection. Finally, data analysis and presentation may 
differ from and thus diminish the impact of the final report.. 
Results of the study can be disseminated through publica¬ 
tions in peer-reviewed journals and presentations at na¬ 
tional meetings. Some journals (those that focus predomi¬ 
nantly on human medicine) will not publish paper* dial 
have been presented nationally. The time gap between 
presentation and publication should be minimal. The choice 
of journal should be limited to referred journals (hat are 
covered in Index Medians and Index Veterinatius. Unrc- 
ferred journals should hr avoided if they lack a critical 
review process, Such journals may reach a smaller public 
and thus may he more difficult for other investigators 
to identify or retrieve.. A specially journal (i «■ , Internal 
Medicine, Neurology, m Surgery) might be considered if 
the results arc of primary interest to the specialty group. 

the potential importance of many veterinary cImical 
trials is not realized because of failure to publish the 
appropriate information. The goal of the publication should 
he to provide a dear, concise description of the study 
(Meinert, 1986), Studies that report nonstatislicolly signifi¬ 
cant findings should also be published. The clinical trial 
may only result in a single manuscript ihat is published 
upon completion of the trials. The organization of the 
manuscript will vary with the targeted journal. Typical 
components include the following. 

The title is oik of the most important components of 

the publication. It should be concise and as short as possi - 
ble while indicating the main thrust of die paper. The term 

clinical trial should tie included in die tide. The title 
section should also include the authors, source of financial 
support, acknowledgements, and address for reprints Fi¬ 
nally, a list of key words selected by the author should be 

included to allow foe retrieval■ 

The abstract is often the only part of a paper that is 
read awl as such should provide a summary of -the paper. 
The abstract will be included in Medline, the computerized 
version of Index Medic us, or ocher computerized databases. 
The abstract should include the study purpose or objective; 

primary outcome measure, intervention; type of control; 
method of allocation; blinding procedures; number of ani¬ 
mals enrolled and studied; and conclusions. 

The introduction should be short and succinct. Its pur* 
pose is to provide a historical background for the study. 
Included is a literature review, what led to the initiation of 
the study; the study objectives; and the rationale for the 

study. This might include a rationale for the study design, 
intervention. or outcome measurements. 

The methods section should he sufficiently detailed to 
allow readers to make informed judgments regarding the 
quality of the methods Citation of a previously published 
paper describing the methods can reduce the content if the 
paper was devoted primarily to the design and methods of 

the trial, 

The results section is generally the longest. The crux of 
the paper should be represented by tables, chons, and 
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figures which should he understandable without reference 

to the text. 

The discussion should highlight the important findings 
of the study. Positive a s well as negative findings should 
be reported. The clinical implications of these results and 
consistency with previous findings should be discussed. 
The fswcimtim may either stand alone or complete the 

discussion. The conclusions must be drawn from the results 

of the trial. If appropriate, tire statistical power of the study 

should be noted if the conclusion favors the null hypothe¬ 
sis Pinal Iy, a statement regarding the extent of generaliza¬ 
tion should be included. 

References should be- limited to those that support the 
rationale of the objectives and document methods of data 

collection and analysis. The journal of publication will 
dictate the organization of the references Original articles 
should be referenced whenever possible. Secondary' sources 
are acceptable ]| the primary cannot be found: if the pri¬ 
mary is published in a foreign language: or if the secondary 
expands on information provided by the primary paper 
Cheeks of accuracy of title name, spelling of author's 
name, and so forth should he based on the article itself 

and nof on citations listed in other bibliographies (e.g. + 
Medline}, 

The appendix sreturn is optional and may not be allowed 
by some journals. Contents should he limited to informa¬ 
tion regarding methods that is too technical or detailed to 
include in the body of the text. Examples of information 
to be contained in the appendices ore details of sample si it 
calculations: sample data forms; data collection schedules; 

special charts, figures, equations; consent statements; and 
dam listings. 

The submission process cun "be facilitated if the manu¬ 
script iv reviewed before submission, Authors should re¬ 
view the paper for ineonsisieneie* in format and style 

(including tables and figures), for redundancy, and for 

reporting deficiencies. Figure and table numbers should 
match text citations. Citations should be reviewed lo ensure 


dial information died is correct. Colleagues should provide 

the second review. Their primary function is to identify 
confusing aspects of the manuscript. Total rewrites may 
result from this internal review. The final review' by the 
authors should focus on the formal of the journal lo winch 
the manuscript is to be submitted The number of copies 

and prints submitted, title page, style and format, and so 
forth, should match the specifications set forth in die jour¬ 
nal's ’'Instructions to Authors," After publication, the pri¬ 
mary authors should establish an archive consisting of all 
documents related to the paper, beginning with raw date 
and finishing with a copy of the printed manuscript. This 
information should be kept at Least 3 years (Mclnert, 1936). 


Reviewing 3 Clinical Trial 


When reviewing a manuscript that reports the results of a 

clinical trial, the reviewer should lx unbiased regarding the 

results. The reviewer's opinion should be based ort the 
merits of the study rather than on the opinions and critiques 
of others. The purpose of the clinical report should be 
strongly considered, particularly if sponsor support was 
critical 10 the study and the sponsor stands 10 gain finan¬ 
cially from it. The information provided in the report 
should allow adequate review of methodology m that criti¬ 
cal aspects of the report can be evaluated Reproducibility 

of results and generalization of results to a large population 

1 rather than a small subset) should he assessed. Exclusion 


of patients should be well justified. Tic study design should 
be well safeguarded against biases during 'the assignment 

and administration of the intervention and during data 
collection and analysis. Methods used to edit (he data for 

errors or inadequacies should be died. Statistical methods 

shoo Id be appropriately sophisticated. Major differences in 
baseline group comparability, dropout rales, or compliance 
should be evaluated for u possible role in treatment differ¬ 
ences r 
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Afprukua 

9 | Jta ' _■■ i 

64.8 -i- 1 li hi (Dig) 

60 mg 

1 miner (i ■ 

28.35 pram ip) 

*>» 

1 puuml (th| 

453.6 | 

454 g 

1 -drum {60 .'r 

3.»f 

4g 

l wfn lhsany muicc 

li J • 


«w p> 



1 rmiin 

006 uiiL) milliliter 

Cl 06 mL 

1 fluid dram 

37 mL 

4 mL 

1 fluid '.xinee 

yts 73 mL 

30 mL 

9 p- i.: 

4 11 mL 

480 or 500 mL 

1 g. aJ 1 f mi 

3785 4 ml 

4000 mL 

l mg 

j/64. M p 

1/65 ur 1/60 p 

1 g 

15.432 p 

J5 P 

] Ijlupum (kg) 

1.1 p*fun 1- flbj 


] :ili 1 f*,.un 

ft. 3 37 fo (8 lb upptvt.) 

3.8 kg i appro v ) 

3 galltin turiupirbi 



231 cubic incite* 



1, mL 

l MK027 cubic 



sunititeKn 


1 pun 

47.1 mL 

500 ml 

1 *.►.*: 1 1 

446 i i iL 

lOOO mL 

] drop 

0 Oh ml, 

1 aiium 

1 i.fe^irtpt(cnlu] 


8 mL 

] le-a-sponafu 1 (mp) 


5 ml. 

] lab c -|':i- 'i i- l 


11 aL 







Table 5 . Conversion! fw Calculating dosage 


W$f% 

mtfml 

ImcgMl) 

Dilution 

B to «A 

10% 

100 

i oaooo 

1:10 

5*3 

50 

50.000 

3.20 

2% 

20 

20.000 

l 50 

m 

11) 

1 [\m : 

|:K» 

a I** 

l 


1 1 (MU 

0.02 % 

0.2 

200 

3-5.000 

0.01^ 

(f.l 

100 

l: 25.000 

U.U 4* 

0.04 

40 

1 25.000 

0.^l24t 

002 

20 

i-5o r ono 

0 001 % 

0.01 

10 

l 100.000 

11 f«)| «fr 

0 001 

1 

1:1.000.000 


Table 4 Dry Weight! and Volume Conversions 


1 pvuih] (IH 
3 gran lg) 

I gram <g'f 

3 siam ($> 

1 kilugiMPi i kg) 

3 kiiUtpnm ikg) 

] .'. iin .* .n i (mg) 

3 v. |.; I (grain I rig! 

] fcicmgfaio li j 
1 micn^fraiti prr pam {|i^l 

1 purt per million (ppm) 

3 pan per million (ppm) 


453.6 grams fgi 

0.0022 pound lb 

1000 1 1 ■ 1 1■ i;i ir i- (mg- 
1 000.000 nuempanw ifigl 

t€<M) grans C|) 

2.205 pounds lib) 

0 001 gram igl 
1000 miOngTHK (|ig) 

0 ■ 101 dulLLgfiMi in:.-: 

I pvt per mi Him (ppm) 

0..45-4 rSiLI .l:i jjil pMunJ (mg/Ibl 
0 I * 3 4O7 gran per ion fg/T) 


3 liicr (L) 

1 inLllilitef i 'i,l.) 


3000 milliliter (niLi 

3000 micrtilkcr piL or iartiMaj 
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("Ofisider the follow ing example: What is the equivalent 
weight, in grams* of NaCL MCI, and H-SOJ 


Na€l 

HCJ 

MO. 

Na = 23 

H = I 

H : = 2 

Cl - 35 

Cl = 35 

50, = 32 + 4*161 



- % 

Total <* 58 

Total - 36 

Total - 98 

Valence ■ 1 

Valence ■ 1 

Valence = 2 

Equiva ie n t 

Equivalent 

Equi! valent 

weight = 58 

weight = 36 

weight » 49 

Normality 




Normality ;s the number or gram equivalent weight per 
liter of solution. An equivalent weight is equal to the 
molecular weight of a substance isev table belowj divided 
by its valence. The valence of a molecule i.v the number of 
units that can combine with or replace 1 M of hydrogen 
tons. Normality is not a commonly used expression; rather, 

millicquivalents per liter fmEq/L) or millimoles per liter 

(minol/L) is used to express electrolyte concentrations 


Mtkicult 

Atbrtv 

Valance 

mm 

Barium 

Bn 


137 

Bromide 

Br 

1 

80 

Carbon 

C 


12 

Calcium 

Ca 

2 

40 

Chloride 

Cl 

i 

35*5 

Copper 

€u 


63.5 

FI unride 

F 


19 

Gold 

Am 


108 

Hydrogen 

H 

1 

1 

Iron 

Fe 


55.8 

Lead 

Pb 


207 

Lithium 

Li 


69 

Magner i urn 

Mg 

2 

24 

Nitrogen 

N 


14 

Oxygen 

O 

I 

16 

Phosphorus 

P 


31 

iPWmsi urn 

1C 

1 

39 

Sodium 

Na 

I 

2.3 

Sulfur 

S 


32 

Zinc 

Zn 


65 




Hidden page 



Hidden page 






n a > r 





41 < 








Hidden page 



Hidden page 






Tieun '.l' i lit l *f Toxicant* and Dnis Overdt.■ % 



Tabl« 1 Tonic Agents or Drugs and Antidotal or Treatments 


Tonic Afoot Syitairri c Antidote 

Aoerimiriop(wi and phmaceiio \'-A«i>icysiei« iVfoixifny u, 

Mclkl Juhflaufl) 

Actdt and ulkah ilwinkhoW cleaning No specific amkknc 

producla, takl bowl acid drun 

ctauten dishrwatsr ilctcrgrnflv 

fkaners, anlmitf compound*. alkaline 

hsuenc*} 

AithK 


AlUli* 


Alkali th 


Aitiitiu 

Aft|pt»l;flimi"n:> 


Ardihittamiues 

AiiiiUtuW 

Ac tcnic, nrercury, and «cJhrf heavy meiaU 

except cndmiuiti, Ind. mJvct 
selenium. and eh ilium i«f also 

ipffitk metals s 


Aspirin 


Atropine, brJluinsina aJkaknds 
Barbiturates 

H.lu ii’.. bismuth sallK 


AUp*maj'±i l# 


Oik *fnxi uuwk 


y n tot ■ a I k 1 1 in i zjft ion a in mon i on i 
chloride 

No specific anhdme 

Nildf^om* 

Sodium I hi wo I Talc (arsenic) 


D in mmt ape o I t B AL. H y i »i 3 

We sooll 3k Dunning | 


i - Ptoici I].imine * Cupri mine, 

Merck & Co.} 

Soccima 

I its . ■: ■ 4 t mere a pt m ucnr i n k acid, 

DM 5 AI tChemet; McNeil 
Comomef Product*. a division 
ol Ms Kttl-PVL\ Inc . hurt 
Washington. PA IW*} 

A ■ .icelyicyvleine V! ucornySi 

Mead Jotauxii 

No specific -1.■ ■ 11■.i-.n:■ (see also 

nnnscen rid*] inc inflammatory 

drugs} 

RiysuMifniilk ialic jrlans 
Do^aprmti tDoptam) 

Sod kj in ai ul fa leAoi |ik si u m 
'ml fate 


Doug* mi Method for IwMMMl 

130 mg/kg loading dwe, PO or tv. then 30 mg/kg q4h for 
17-20 additional dows 

Eoicms and gastric hvagt aft OMiranlk'iKil; if mioimnl 
nupbufeul injury, lavage nuah alun mum hydroxide may 
Nc hdpfal with arid ingestiont. Suppotrive therapy 
include^ flbiri therapy 

Weak alkali magnesium oJude sufrrliun i ! ;25 *an»i watcsfl 
tnlernalLfi Mei*/ gin urdimm fararbtmth: 

Milk of ougnnia: I —13 ml Flush rxlemalljf with wale* 
Apply paste of sodium bicarbonate 
Weak Kid: vinepa < diluted t 4}. 1% **ti c **J nr femora 
juice given PO, Dibutc albumin (4-6 egg * r twlc!i f* ■ 1 qt 
warm water I or pvt whole era Ik followed by activated 
charcoal and then a cathartic because uime ctwtiprMiids are 
w»l«Ne in ckoftas albumin 

Local. Ilw*ii with cuprous inuunh of water and apply 
vintfir 

Pnuuium permanganate {l VaXJ vj I: 10.000} fn Lavage or 

PO adrmmumicu. Tumk: add nr mmi tg m (200 500 mg 

in 30-60 mL of water I eitcept no cases of patsoniaj: by 
cocaine, mcotioe. physostignunc, atropine, amJ morphine 
EjWjc tw purgative -tnnjli.! be used fur prompt rntutul of 

ttWUftt* 

s O iftgAc lift Signs should reverse in 10 ir:n. Repeat every ' 
to4 hours «a needed Can folio* wife (Ml mg/kgID} n> 

03 mg/kg ■!€}• Yohimbine dm IV every 6 hours 

I mg/fcg IM. If' IV- udmintfiicr only half do« if fevtinwHe* 
have been given: Hocks aiciUilsoo. Higher dam (10-il 
mg/kg IV j may be henelkial if large vokinwr an 
Mund Treatment of increased mcratranwl pfrismt 
may he ioditntd (muiniiol, furtnemidc) 

10U-200 mg/kgAliy divided qS-12Ji (contraiwkented it 
myoglobinuria, renal failure., i-r ocidwiv n prersenll 

II ftRfiolsc (e.g. v hydrocodune, cutfcint} 

rn vdutHKi given FO (O.V3.0 g for hiwU animals 
Ftdluwed by lavage or emeuf, Protein {e g.. evaporaled 
milk, egg whits} Tknnit add or mrrorvg m. Sodium nhnte 
ji uci) in humus u foiticir hatuglohin » oiulhnl 
mcrhcrnogkibin. which has j very high ufllnily for cyanide 
Sodium tforaulfatc facilities. thkcyiMc fonwiuii. 

Alternative irealmenr maty include hydroxyCuholamin. 

which reacli w th cy,imde; io form cyoiKJcubolaimn 
10% wi4mka in nat; give amall aaiimaJs I.5-5.0 tng4g IM 
MJ,Q2V-0.(i3 mg/kgl -q4h for 2 days twitte daily for the 
n cm 10 days vt unhE wwivsy 

NOT R.: In severe acme poisoning 5 mg.4g dmage 'should he 
given only for the firsl day 

]Vvcloped from dirooic mcren ry pen. oiiang n>-w serais mnsi 

procniiuog drug; nu repon^ im dmage fut animals Dosage 

for humuiK is 5t3d mg FO <|^i for 10 days ■ 14 mg/kgi 

10 m$A$ PU q»h for 10 days 


140-280 mgrtif POv then 70 mg/kg PO i|bli (or 3 dayi l IV 
tdMinisinbon okay in vumhing dugs} 

Acute kixieofeis: urnufy alkaluuzation other supportive 

therapy Duvet «f SO mg/kgAl*} tdogl and 25 mg/kg/day 

(cBt): 7 mLAg/day df btsmirih uibaabcylite duf* and cab) 
may be low. Toiic coocentraitiDns in hLmun>i 
0.14 vft mg/kg (do wt uie neostijminel 
2*1 Hihnion: give 3 t mg/kg IV only (0.14 0.23 mlAgl 
repeafted *■ iwtimy Mkalimae mme. 

20% icdulkin given PO. Douge. 2 *25 gm 

7ijhfj Ctwi timird t n U 4 itmmg pnf(t 
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Tibi# J. Tbuc Agent* or D'rng.s Antidote* or Tnsatmtnt* Continued 


Tuaic Agent 


Systemic Antidole 




Treat tt* alkali 


Boratci Liwh kilim, flea products. 

fertilisers, hciWuSes, intKcptm, 

disialb,unit-, contact lerv wluikmi) 

BnHDriluhit 

Bromide* 

Bout lam 

Caffeine 

Carbon monoude 
t arborl itliKliknidt; 


Ctwotatc Mhcabroruutc 


No specific uiiJd£ 


Nu sped (k aoudiw 
CUwiiJtt 1 sodium or ammonium 

Mhi1 

Aj-.iiE.um 


Stic Chocolate 
Ojiygen 


Mctaprotal or propranolol 


Cholinergic agents A impure sulfate 

CbolincrienK uriijtrifkxv tnaJathion. Atropine sutfair 

paradMoeu dtatmua. c«fe$ryt 
tntdiiKirti. propojuir H cMwp) fifos. 

mediylcaffcainale, chkafcminplins. 

cythroale, dtLhlurwu. dkuxlhftMi, 
fcnthtoiL runnel, jdiounct. duulfoton. 

flybait {Golden Malrin] 

Pnlidrmitie chloride (2-PAM> 


DpaynulDe 

Cde»e No tpcciftc «W§4crt« 


Copper I see also AjtscqjO 


Sodium femey abide 


f ‘-i-u ns .3 n -i ■ den vail vc ml voagu I an i * 


Crayons 1 aniline dyesi 


i> PcnkiLlaminc CCupricn i nc j 
Vitamin K, (AquaMEPHYTUM. 
5-pig capsules, Meek & Co... 
Vil* K|. Eschar, 25'in$ 
capsule*} 

Whole blood or ptem 


AscorNc k«l 

Methylene Wue (if uerctok acid 


fail* j 


D»aga and Mettwi* ip- Traatmairl 

Use i'l emetics controversial: trot m (in alkali poisoning 
Therapies have included mill: or water [large volumes), 
snik of mes-ia |2-3 mUk||, egg whites, or powdered 
milk shifty. Sodium bitmbttovlc «nl rccpttuncndcd 

Supportive diengiy Lachide* enterics jji-J guute Invade, fluid 
therapy and dnimu, treatment of seizvcs and 
hypenhcrntu ra. indicated 

Supportive cart nwo include treatment ai cwehraJ nknw 

(li-l.ll g daily foe uvenl days, hasten eicreban 


list u awtnvtnid. Supportive car* may he suflk'ieai. 
Supportive therapy may include penicillin ptiysottijm 
tw newtipniK, wd atropine 


Itiire oiygen at normal « ht$ii pnaiurt. irliJinil respiration, 
blood tramfuiion 

Acacia or gam arata as mKilap Empty high 

protein and 'ugh cnfbtdiyikHc diet, rtwaiHiffi fluid jiiJ 
electrolyte balance Hatndiityus h indicated in Jjujfia, 
Epinephrine b curtEraiihlkatod | ventricular fibrillation^ 

Not a specific antidote. Mctaprotol; Dog 0 5-1 m %\% PO 
qHIi; .at. 12 5-25 mg/cat J'O qS- 32h With cjuiuMi 
0.04-0.06 mg/kg IV qHh. Propannldl: 0.OS-OIK. mg/kg IV 
over xvml iflunm If acute; fntncuie: 2-5- 10 itig/kg 
(dnga) PO qS-L2Ji: 2 5 to 5 mgftats POqX-l2h 
Supportive therapy may include Krrpliw; lidocaine 1-2 
nig/kg fV bolus followed by 25-75 pg/kg/roiii TV infusion 
(dogs} or 0.23-1 mgAg IV betas followed by 5-40 pg 'kg/ 

min [V infuctoQ lc*») 

0 02-00* mg/kg, » needed 

Dotage is 0.2-0 4 mg/kg. r epea t ed as needed for 

acroptiuzaiiori. Repeal in ctoeasimf Asses. <cut fej half) 
Treat cyuocu or dyspnea (oxygttj first if paticil 
Atropmt blocks only efforts. Airopine in oil 

man,’ Ns inserted for pnotoiESigcd effect dttri*i Uk night 

Awid Gimp «r .nr«.fi. vsara:*'i 1 OrgnopbnsphiEe inhihuon 
lerd,* ti.» iv tmeverublc; iTfpariCteiatwiiiaie tends k> be 

reversible 

5*i whrlioo: 20-50 ipg/kg 1M or fey alow IV lDJ-1.0 mg/kgj 
injection Imuinum dw is 500 ng/kmnl, repeat hkAnI 
1-3 limes. Do auc ire* apdfi if no effect, 2-PAM 

•JlcvHui akotiiuc effect and regenema^i chobneaterase 

Morphine. «ct-Htykbt>li me. and pbenoiltLizine tnnquiliien 
me con Emndk atod 

1-4 mg/kg tM„ PO qSfe. To block nfoohnu: effects 
ChlorproouxiiK (up to 15 mgAg; may tower Hum 
(lireahold, u*e cauhoiuJyk burylehalmesierw my eonv 

ccemfl^ to idnetive (ctincatiy urkfer 

invesugatloii k fiuids; metapmM qf jwnpunofol to treat 
esiRldc anythruas (nee Ckxolne): phentoiamijic or 
sodiar-i u4roprusMde ir blockers cause bypc^cr-dcn; 

lidocaiu tin lieu of 0-bkKkm %o> comroJ cardiac 
tfffiylhmiu: set Oiomlale) 

In water (0.1-JJ g for small ininulsk Albumin (see Alkab 
or Needs i For acid*’ inagntwib o* ids' (see Ac*tl.i) 

52 uif/iif for * days: (alao sec Arseaki 
Give 5 -5 mg/kg/day wub canned food, "(teat 7 days for 
warlarn-type. treat 23-30 days for vCOODd'pHKCMHIl 

nbcoufoUnt nvfcntkid^- SO itterapy U more effkadcHu 

(h« IV 

fflood tmuTufiiosn, 2-5 ml A c 
20-30 mglkg PO of 20 mgftg IV stew I y 
Dogs: 3-4 mgfkg IV also sodium eitrae- and sadanfn 
Atewtfale ia«4er mefiwmngfoblaefwa-pcoducipi ugeiai 
Cats: 1 3 tng/kg (note durt mclhyfenc Wuc may cMUt Hein 
body fenutlm in the absence ot iKdwmpgfedweniiai 




TfeUmeflt of Toxicant* and Drug OveRhnn 



Table X Toxic Agents or Drugs %n 4 Antitkrtut or Troatnwiffg Continued 


Toxic Agent 


Systemic 



Dotage add Method lor Treuteiant 


Cunit 


[ \ mitie 


Dccontntanti 

LVifigenU: laicmic (Na, K, .Nil. saiLi) 
DetergcnU: ulwnic i chbndei. imbdu i 

DLalofuaccoo* earth 

[>igital» plvvinidtv ol^iklr^ and flufn 
U.k*l> 


Dinwct UinitinpheitD)l 

Dupir Hr.>irink 


Rtkvlew glycol 


f cnUiJvr 


R IK* J^k 

Rttoncdale It. ontpoued IUttO H Sigma) 


NaMigminf mcthyivuttaic 


httn^hi*mmt ^kmde {1'ctmkni, 

Roche), artificial rtifhrMknt 

Methemu|lohin I vodmin ml rite i% 

lued to form mtfbernoglutanj 


Sodium th»i r il;;in - 


No -ptTii'v .inlM)' ' 1 '- 


PiMikaxi 11 rrl dlkvidf 


Dipheny ]h ytbmutn 
Propranolol r ft M. & a } 

Atropine sulfite 
No 'pKific therapy 

S» know’ll aimdmt 


E rhsvol 


4- Melh) ip^iuble 

Sndnim hicartHMHftr 5 *4 

No specific wts*ic 

Oik nun hnnjIiKdMlc 
Ci I- ytrery \ mu no*. * tin 


Acetamide 

Pcfliohurbilitl 

NOTEi All treatment' mt 

griMKralh <D*TWuiljnf 


SolvUofi 1 : MAX) for l :2000 (! tuL = 0 2-0 5 mg/niL) Dose 

is 0,005 mpfl L| t St hllo* with IV lajeclian vt urapne 
( 0.04 idg/kft) 

55) uihiiKKt: five 0.05-1.0 IV 


uihitton of sodium nimic. do*agc m I ft mg/fcg IV 1 1.6 

mfAgj Sodium flivaie it wed in hutu&s to convert 

hemoglobin sp oxidlred hemagkihm which hw a very high 
affinity far cyanide. 

Follow with sodium thamalfatr 20% snlmum at <k«jgc of 
W -40 mg/kj i 0 L 5 -O _2 tnUl$\ IV. If ttewiturol u 
repeated, use only wdum thiosulfate, Sodium tfiKmilfnif 

[ .iL ;J: t j.ll l , itnucyanjnr fantuikM. 

VOTE: Both of the above may hr given Himulranemity as 
follows 0.5 mLAg of combination consisting of 10 g 
sodium mcruc, 15 g sodium th»sulfate. distilled » Her q.s, 
250 mL Dinajte may he repeued ivu. If further 
manneot is rtquutl give only 5^ jwVhiikm of fodtum 
U 11 ■ t- uJIt.c al level erf 0.2 rttLAg 

Other rtcrapici thm may be -i .rmi hydnnyvobalnii 
I investigational. not available ir. United States) dicohah 
edewt (ftm nomoxtc suble cnmplci with cyanide, not 
available m Uoiled Slates); amyl mirate {in human*; me 

not documented in dogs sod cats j 


MiLk or water followed by demulcent |o*k r kiti*. gelatin, 
starch, egg white) 

Soap (cabiej diMol^txl ut 4 time* it; bulk, of hot v% ; ; «afcr- 
Albumin !scc Alkali) 

No treatment md cued unless pvbnnmry. Then suppmmve 
Dog: ti 5-2.0 f PO in divided dotti « in senous ca*es h m 
diluted mlinicn given IV hy ilnh tfa p (BCfi cntard ii 
euenliill 

IP 

25 mg/imm IV oofil mairol is, e*taM lifted 
0 5 L 0 rngHtf IV or 1 W <m needed u- &imrtA cardiac 
anhythmu* i l.i \ 'i comm] tv e>neniial) 

0lO 2 -O.tM mjg/kg u needed for dnliunjic ronUtil 
A Imp i ne may cuotnbute to hypcrtbci nna w>«J may he 
autraindkaied Sapporovt tiert^y 

&iippstrtsvie therapy sbc«iM ibcludf fluid iberspy. ireabneia for 
acute imot failure; experunenlal tbera|tUH have Lncludci 
niarm r nbofisviii. .isonrbic tcid H^Jcrovidc iksm .iiasr, and 
jV.jn.rty IcrileuK 

Sec Mcdimol acu) Rthlroc Glycol. Mimmid lethal do« of 

ethylene giycot h 4 2-6.6 ralA| (4.5 « in 20*lb dogi and 
) 5 mL for caU. Give IV h 1 L ^ M.4 mL/kg) of 25*A 
Kklutioit. Give 0-5 (2.0 mlAg] q4h feu J days. To 

piwil or correct ftcktof!-. uk sodium iiic*t«Mc IV 0,4 

g/kg- Activated chartuoi: 5 g.4| ordly if within 4 h r»f 

ipgfhiinA 


20 ragjVg, 15 mg/kg at 12 and 24 h. 5 mp/kg at 5 l> h 
h mlAg (dog) nr 6 wig/Ag lea*.' IP q4b feir 5 tirnuocmv then 
tftti fuf 4 iDcet inammi 

Supportive thempy may include iwstmem for etoctrotytc 
duonkn (moralur); votnning (ml k melted ); H-receptor 
blockers for gustritu; sucralfate and milgCMCt (as needed) 


4 - ID mL of 59 k-ItK* ffdiriifm- CalcMm (mdk. hmewate? w 
pjwikrtd clulfc mittf wah given po 

0.1-0.5 m|/k$ IM hourly feu ■seveml huun (tutnl 2-4 mg/kgl 

or dilated f0.5^L0» IVj {danger of hemotyusi. 
Monoacetm » available rally from chemical supply h««s 
Animal m*y be if anctamide i> given befrn or 

snnoltaneniviy with Confound 1000 (fiperiinaital) 

May protect agiinsl uhal dw (eApcriinciMaJ) 


Tiii4r ctmrriiwnf on fvittnntt% psigf 
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124 * Appradicef 


Table 3 , Toxic Agante or Drufjs arid 

but ArfMlt 

Pcniucm A incuriflukia m ihi^ldy CuudL 

^iirhapc, nuT^ji 

Penrwrnval ml 

T I# 

lYTfolemri di^illoles faliphuliL 
I ^ - !| ^ .1 I ■ ■ :■■ 1 

Pkiwl> .u«l cresul* 

phrraidiLiijrine 

ttwiplKWI 

Hhwlite iMjdiurm enemas 


Antidotes c T r eatfn&ni§ Continued 



No ipealk mudulc 


No *pcei tic ant tdotc 


No kno^ii aniidmo 


McthampHctamine (Dtwuyn 7, 
Abbott ] 

Supportive therapy 


Calcium l ucofttiK - I0%i 


Ptiii iVMMJuiij, and hot&Un E r ample *< nf 

phymsoxin* ririn ahnn mhig, cnnia 

hlU l!l)s 

Pyrertirinis, pyrrthrruils aJlrihnn, 
(tsvabnik. resmethrin. w e d iria. 
pemettoln. ryperronbrin. icinunethr •: n. 

try fluftinn „ tra cattciteirt, i»«ik-tli:v 

Red squill 
s ■ 1—1 -n sling 


Aretiicuin* not 11 liluhlc 
tflnnvrcullv 

V 

No ■■ *:■.: Ik UfltkduLtfs 

Nip specific intidntrf 


Atropine *ulfH< propranolol, 
puta^iLim chlwule 
Aresi veTii.il mil iconuAcixisI 


s i| »fi nitrate 

Smoke inhuil^tioo Supportive -i-. 1 :[■■. 


Snake bile 

RiKilesrukc. copperhead. Hralrr 

mofi'i'Mii 

1 I :.■ -I ak£ 

Sjmlrr btic 

BLnck » u‘iin Inciuuotuil 


Blutvh Ret'lust: 


A nui'cnim f Wyeth V InvaJctn 

CnXjLkkr tFort Dodge) 


Aretivcmm (Mtcranas fukiutst 

<wy**> 

Antiswniti i Latrudeclu* mactans l 
■ lUceek Jc Co-i 


I V'..i : 1 il ti- sudhjm iDimtnunL 
Norwi eh- Raton 1 
Uapsunc 


[bull «nd Method fov ImM* 

Aiefsoimai'iisit hu bocpt irenratiiDilcd to coolml tnmeo. 

.1 ihi-M.’h lowered scijwc thresh dd imy cause Hriiurrs IV 
mdboctftniDKii or dta/epum aim may be helpful 
Treatment should fww on supporting hepaik failure, 
prevention or iresttmen* of seizuiH 

Gh* olive 1 1 other vegetable oils, of mineral sat orally 
After I ft. hour. give wxiiuni mllstfr . 1 - caiMa lamii 

and Uvngc are v«*nindicated Jor ingested volatile 
nolwits but petroleum ditlillateb lan? used at tamer >&v it - 
fur more- toiLe agents 

.Y-acetycysteme indicated far renal or hepatic djuitifi 
Soup-and-water u alcohol lav age of .kin sodium btcarbuouic 
0 ).$''1 < dressing*?, Give activated charcoal indtor mineral 
t *i uroliv 

tm 

0.1 10 0.2 rn ;■ • k ■.- IV; abo inmxfuwo Only available m tablet 

form 

Cnppcr sulfate ( 0,2 to Wl splutirmt w potassium 
pcrmangmtfe (IJODO sututioni fur lavage Twpcouoe 
iprefenNy old niidiEtd) in gelaun capsules or floated no 
hot wale 1 . Give 2 ml 4 times at 15-trunuiL intervals 
Activated durrtwl 

Dn inn give vegetable oil cafhank- Remove all fa: from did 

Supportive iherapy should largei correct iot> of ikcirolyte 
imbalances. Ueatmcte of bypocakeimc icutty. md 
admuustnKMi of magnesium sulfate if cgJcium therapy 

L'r H-, reul LOlllroi k'l.li:-. 

CJ to 1.5 m A; |V sJowl> over 30 muauacs; monilur ECG 

fnr pvolmgalion of Q-T' interval or bradycardia w r.: 4 hcr 
dyufc)thiniji. If animal has not mnpunded in IJ hr. 
aJlcmatLve therapy ’Iw-yW 1 be implcmcatod 

iadicuul for ipccilic .«iwitid. 


Supportive therapy may niclwle treat mem cif m^liylnit. 
acrupme in si ■ specilic amidoie. indie aed only to control 
paniympailieuc tipuli Huids. ami nsuacle reliums tudi 
a® melhocaibunul 
Sac Digitalk 


Supportive iherapy includev utalgesia 10 cutwoJ parti 

UthnplHbe iWlit ittefWridtn? Nil t ■. ■ ■ hkUitfpluwd ahs 

cciwmi ndienrod due lo pncrmial rentiiy ’* nb -orsirparut 
senmnh; methsicarKaJitnl if omsde ipNMi evldcfu; fluid 

tbOTfn 

Normal ^Isree fat lavage Albumin 

Supportivu Lherapy should target The teMbratory system and 


iredmenl of carbon mnimide pni^ng: osyjtcn therapy; 
inurnuticTift puariivr- pnnuir ventilation *iih pusiii hr end 
eipikitofy prenore with positive inottuptc support, 
broochodilaton. ituiIrmrI for cyantdc poisoning if 
imftcalctJ. and frcaUffBnt of cerebral erktha 


CulltiMi: equme origin Adnttntsicf 1-3 vialt, IV, nJowly, 
diluted in 2350-SII) ml., of .Jute or Imetmed Rutger 1 * 
idvDuri Aho adtmiuaer antihlstamiDes, I ■'*»« awmtilt 

o/r LiMiftiiaififirrnf 

C-iUhou csjume ongin. May b uhci? ;> with pn viper 

lL f i 1 1 '1 l r 1:1 


Cautim: equine ongin \iTm:in sin IV andduted- Sifpruvc 
thef^p. should tree hid muuk retaante lilantrr 4 nc or 
1 :Lc 1 i 1 ■ h. . ■■ .dim>1 . 11 .,i. l' 2 sic.s, caleiimi ^.u.iiLik: )■ t severe 
muscle cramps lyg 

i: mg/kg IV. frelkwed by 1 r igAg per w q 4 h 

1 twke daily It* 10 days ito minjani/ic iia-ruiik}. 

Olhei" supportive ihctapy Includes hyperbaric ruygen 
(hetaps l ii 1-2 aurosphere- rtv ^ce 4»ly for 1 days k 
colchkutr. treuunent <■' illravucular hcttyil. fluid 
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Generic and Trade Names 



la&to 1, Garwric and Trade Names 



Tffldt Name 


G an ( tic 


Tmie JVafMt 


Atartotwc 


Ac ctcaflimn 

Acttamriaoptira 

■V : I.Ll r irih -f'f Nil 

Acetic acid 


AccrtA iLaimdc 

i i a; acid 
Acetykjre^ior 


Act[y] uilifTf lk acid 

Ace promazine 
Acunoniytm f> 
Activated chmcn*] 


Albendazole 

AlblffOKTifi 

AlfeBlM 1 .1 
Alkipurinal 
Aloe ven cream 

MpfiA)Lu n 

Aidiean* 

AlumJctuin h^dnuk 
Amikacin 

Aminocaproic Kid 
A n i nojfn-nt jcrrtdc h ydft <y cn 

■Ml i->i.- 

Ajnmapbyllinr 
Aj n i nopromaz j m? 
4-Ammopyn<tori c 
Anilnu 

AmiDiptylmc HO 
Arnlopidnx besyJate 

ATnmi*miiD ihk’nJc 

Amnn,iciJlm 

Amtuicj(lm sodium iah 

Amonk 1 11 uv c k vul aeut acid 
AmphctwniiK SO* 
AmphoIcncR) B 
AoiphiAcncin B lipid tump lex 

AmpftiHefxcin B lipid ccmpkx 

Am pUmmcl n B 
AmpuiNki 

■\it. j-.. ,1 ir in hydrate 

Amptalbn udivm sail 
Amfniiuni 
AmnnuiK 
Anlaznlinc ftS 1 ! 

Anuvcmn Coral Snake 

Airiivenm C total udae 

A pj morphine 
Amoebic acid 



AlcHuloJ 

Alipamazolc 

Airm i’ ium boyliir 

Almpine wtttt 

4uwi«jin 

Aim*hnJ£lucose 

Aj!iihnitri % ci i 

Azathiupritic 
fiat i train 


Precise 
Cjurra is yn 
Datri 

TsIemC Bartcun 

Vinegar 

Uuinot 

Liiheuit 

M u corny *t, M uc oil l 
Aspirin 

PmMACK 
Comic fen 

Req iLi Aciukoe- ALfiia; «fe 

Appendix 4 

Vdtetn 

Froirenul. Ventolin 
Mfenta 
L\ loprim 

[Rrrmawlc. A km 
Xinu 

A mpN l m I. VLkithGE1 „ 

Crtmal ine Bioalfcl 
\MlULytJfc-V, Anukjit 

Amkar 

Ceniruir 

SuvnopfiyUm 

Tcrruneprozinc 

Mi Laban, PbinUjuand 
AniitnE LJivil 
Morntx" 

Ifiejt lamA', 

ic^mcihiiNiioei 
\; ¥>xj ’ Hrofn Amoxi-Tubs, 

AantM 

Cliv amo* 

Benzedrine. tJdcobnr 
FuilgLHHK 
AmhcJccl 
A mbisome 
Amphoicc 

Oimipeti Poiycdbf#. 

PrtMi p—> Palyflex 

PohfW^ Pnncipca 

On 11 lipen ■ N, An up- £«]»< ine 

CORID 

litre of 

Opcon- A 

Anbvenin iMicnuvh fulv iuc y 
Anuvcnia i Cnm] kJae I 
pulyvakot 

Vprn Mphpit tahlcli 

Aurabieap, Crtnoeie, Cctun. 
%> lEjamji C 

Eh par 


Is icitfucm »b%Ick diMilicyUte 

Bu lofen 
Barium lulfite 

Bcdomethaionc dipruprunmc 
BeoraJ kmium chloride 

BeOufociiine 

Bf(wntfha*nnc 

Bel lanediol dhbritk 
Bsiacndyi 

81 smuth uubcartHmate 
Hi:muth ?utwaJ k y 1 idc 
Bleomycin 
EkituJiirn aitituiiD 
Brctyl mm 
Bretts tt \ vca*t 

BnHTihc^ inc * 

Biumidc, puu»Num or sodium 

Bromocriptine mrsyfate 
Birniclanidc 

B .J. .1 ’ ll! .1,:■ 

Bupii scainc bydrocWtiridc 
Bupnnorptuiie 

Bu%ptf 1 1 ' 

BuKUllan 

Sidorpliaul tartnle 
Caffeine 

C atcMmin 
Cakhnti carbonate 

Cakhnn chtantfc 

Cak-ium flM \ 

Cakium [liuunatc IOC 

Cukium Ucune 

Capun powder. 50* 
CsrbajTiizepiK 

CarbenmEUn 

CartxnicilUn indanyI 

1 'adliinuatTle 

Carfcmaail 
f-c ami tine 
C.u iv.'lc L 
Cefaclor 
Ccfadtt'os.ii 
CclawMimktk 

Cefuolln »odKtin 

Ccfonicid 

Celopewi'Mc scdium. 


Aloulol Tenormin 

Ami sodan 
Tracnum 

AmrocoL tk-Atn> Tab* 

RJdflura 

So If am) 

/jehmmax 
f moral 

AUJAC VI. (b*camcin 

neomyciQ-polymixtn, 

bmp m 

1 >1 L ..J 

Barotrast 

Bcdoveitt 

ifephaun 

CctlUUH 

CcWi me 

UredkilHK 

Pulcolax 

AMFOftQL 

PepaoBrwnol 

Blenoune 
Brctylium sc^'i lalc 


Parlodel 

ft ijj nei 

S-.' iluban 
MarCamc 

Buprene \ 
fiu*par 

Mylenw 

forbu fisjn- 1 offetitio I 
Cifcrgot 

Ca k i mar. M i aeaJ a m 
OSTtO FORM. Toms, 

Ral aide 

CAL CIRAI, PLUS 

VVt>i-|-hhUv 

ClljllKUd 

ralpboon 

Onhtic kR 

Epuol 

Ccocj Hi p 

Geopen 

Wildrnl 

Tystm 

Rimadyl 

Cedar 

Cefa -Drop:-. Ccfa-Tiba 

Mandol 

Ancef. Keiwl 

Vtonectd 

Cefobid 




Hidden page 



* Appendices 


T«bl* 1 Generic 4 no If ad# Mamts Continued 


Ofluric 

Tr a de N*i»fr 

Generic 

Triad# Nwn 

Fttnotadaie 

Pepcid 

IpruniiLudc 


E , rakiHb/uk 

Paiooir 

Iron dextran 


ftoLinvl liiItjLc 

rr 

Onfct 

lioriurafta: 

Atinw, EiKiiae 

1 ■ c ntam y l /(trupcndol 

1. ■- 11 Vci 

l>nni trade 

Dtrucnii 

ieotluun 

4 soft, Spu(l id, TlHUlul 

Lbufmipainadc iodide 

Datit id 

(tttk" c> amiftTraie 

v.ir Bhie 

1 wpmpwt wde/p nxirkaperdr itt e 

Titrtujinr 

t effutte -l. ,1 .1 it* 

h'naul, f^ffodcA 


Isuprcl 

Htgnitim 

Nrlipogtn 

Isovortude dinitnie 

IsonJrl 

n»wHDie 

UrlhjMs 

Iwtrcuitom 

•V;t ULane 

E m iff •. 1 1 . • ' 

NUKLOtt 

|iOSMJ|TOR- HCl 

Vuodiian 

1 fttanbi/^e 

Dtflfccan 

It:. Uttutok 

SpnranoK 

FI ucy taint 

ArKClIXd 

Henhcvtin 

HciulgiCtd-?0 

Mudjipt «i mu* 

PTnnncf 

Kanamycin 

Kinlfn 

MunKlhMiflf 

Rucurt 

Kmtliti |v l 0 n 

K nupecTiU 

Humxin nv^u:!)ine 

EUiumime 

Ketami ne HO 

Kctajecf 

S-PlMHOuntdl 

Adrucil. Elude*. 

Kdocuniool: 

Nminl 

RunUtbH 

Pimm: 

KcfopiJrD 

K :• 1 • 'Ten. Gtadnf 

1 in ... r .: .ir 1 

Dilmmr 

Kctuhilac 

Tor idol 

ilnrtnpiuteii 

4 Xufoi 

JLjUtUfOfiC 

< 1‘pliMtiiC OimnuMc 

* - . lit acid 

KcimoI Ptniv Veuitkrma 

l^ucuViifin 

S-ribixncirin, VMellcov«in 

folinic acid 

Wcllftwori n 

Levallf«rpEr<an 

Levo- Dmmonfi 

rvIlk'Ee-sLLmuliliaf hormone 

FSH^r PMS 

Lexurniiule 

ljpercol + Toulon, TnmixH 

imcpi «lc (4-mclilylpyT*/ l>Jc ) 

Anti/ol- 

1 ^cv'iwripNctiurtrTK 


F uni/<4 hJ one 

Fwu Aerosol Pluwdei 

Lcvodiyniiine |T t .l 

1 jrxnthmid. Symhnnd. 

funw 1 .|!;‘ 

Lidi 


Tltyrcrtyn Thyronine L 

tienumvdn 

pi 

Gatkiil Gemuon 

Ltiktt.a» 

AdrUcihi , Ltda - Marnle , 

Gcnumkin SO 0,1 '&■ 

Gawin, CaniM.il 


XylocaiiK 

OttpitUc 

<jllKOtR.il 

Litne water 

Vie masque 

GIlKl^CHl 

Glucagon 

LifMxKnycici 

Linooctn 

tllucast 44 ft- npblEialmK 

<]|uCf»tt-40 

1 mthyronine Si 1 

■ H Cymhtn.’ Oytorocl 

GJyccfin 

Qphllulgan. Op lira 

LLmitopril 

Prioivil 

1 iJyLTryl pHian^ilr 

Grocolutie 

Lithium codKinptc 

Liihw Lithucabi 

GJ) CtfUl HHUHKClIlf 

C S y etrol mo n uae elate 

Lopcnunde 

Lmwhum 

(jl) wfiymlatc 

Kofamtl 

Lorucpam 

Ativan 

Cold KiJj’im lE omalale 

Myotbry y rws 

L ji te id i ling h cwmu ne 

LH 

C>i fissitilni^n -rflr^rrtg hortiWor 

CytawUi 

Ly^w £ vavopttHini 

Lyr*F«' n 

Granuluote colony -^icmibting 

Ncupu^n 

Mulaiib ID* 

S&lfe«ykM 

factor Hi If rasttm i 


VlagncNum . isr- tc 

Eivit-Q-Mi* 

in 

Fulvkin P/G r Fulvitso LJ/F 

M.i .-1 ...• ,n.mi In iIj 1 Mile 

Gcliiuf-M r Milk oi MagOHik 

GipifcHnM 

Amntudnn. Kotatufis j n> 


Mylrnia 

Hakfui Jol 

Haldol 

VUtgiKjLiuiv iiUfric 


M.i-lii'-.- 

Fluatttarir 

Mannitol Hr* 

Ovnitrul 


Hep-LuC^ 

MarhuDuiracin 

Zeooquin 

M ".i. .1 1 

EUlacin-K 

Mchmdti/ok 

Tclmintk VWf* 

Hi-.i -i.ii h ji« 

Helularch 

Met Idanc 

Bctu« 

H} ilnny eihylMJivh > 


Mcv fo f< H4tm« ac id 

Aitpel 

Hyalunmate 

H ylnrtjm. Hybimn 

McdctEimkliDc IIP 

Uumdur, lomiflot 

HydMLa/i rc 

Apwote 

M 1 ; J. u 1 j ...t 1.111 1' i^ty i ltuIi'h 

MCT, Fnrtafcn 

HydnhriMlialst? btlitfindr 

fjywxlun 

Jr 

Medfro yptopmemne acel,tte 

Ltepo- Provcon Pn. vera 

H> diwwti sonc 

Actkort 

MegciLrol acetate 

OVA BAN 

Hy Iptt firti sunt sodium im inoU 

Solu-l'uFVf 

Meglomtnr ammutuK 


H> l»£M [term id? 3^ 

Hydftt '■ % ethyl' lai . h «heEL-.siafc h | 

M ■ i. 1 ■ ■ ■ l _ i peroxide 3% 

hWlunomiiM HO 

Mj'Latncun 

Irnmitichle 

Hy drertyurca 

liydrea 

Melphalan 

Alktrin 

H^dtaxyzane 

AUajn, ViManl 

Mcpcndntc H( \ 

IkwtnrtJ 

Hypertonic udiire 


Mwphmiyloin 

Meufikitn 

Ihupoifcn 

Advil. Atoirin 

6- M erca pk i puri ne 

Purnrihnl 

I-. Li >. :r il 

SiuxlI 

M e Laprtrtc r cai rl till la t_- 

Alupent 

ln»..b'. oil diprufitCkfi .i-* 

ImiAd 

MeiArxnliKU bitannie 

Araminc 

[ 1 1 >. r ■ : 1 dJdMaitn 

Prim a* in 

Methazolamuk 

Ncpta/si'tic 

Imipraminr 

Tofranil 

Mcchit illin 

Celhenin Stifsfbcslliit 

1 :i L .-1 ii L Ui.:^ 1 :i 

Indue sit 

VLcihiniaule 

TifHiule 

Inujl'tv NPH 
l-iw.ll 1 : Pzl* 

NPH rtrtm I NPH 

Hi. nvlhioniw 

MethfivFocm, Odonral, 
Pcdatfiredt. time re 

Iflwlm. tegular 

Regular llnin. Humulin JR 

:M w h* k ug'f 

Rdhi sitt 

InuilijV tilt r . 1 4 i sfc 

Hurtmlifi-LJ 

Methuhexual sod nun 

Adria, BreviuJ: 

lntrrfcr«i 

Atlimmuoc 

Mnluirtule 

Pole* 

lodir e 

Lugol 

Metkn amine HCl 

\ .IvU i 1 

luheml 

Omnip^pe 

M Ethoxy It unrae 

Mitcftne 

lupy/iudol 

JuiVite 

MethyLud hilote 

Cilructl 

I[)km: syruj 

Ipsatal 

Methy lene bJue 

L'mteor Bklc 

[pf i-mfu 11 - 

AuontM 

M c dry Ifbcn idalr 

Riultn 



Generic and 1 ’.adc Names * 12 $ 


Table l* Genetic ana Trade Names Cotrtinu&ti 


Hen eric 


Trad* RImm 


MnJiy I pi Gdniwkme *odium 

MlCCItUltC 

4 ■ Mclhy I ft> I a/idti ^ M>iutiun 

Mcchyhdfoiiy I methane 
Mrthy hcxbHLcrune 
Metric loprarnKk' 

Mdiijlniliil 

Marrmidajnte 

N'f 1. .115 
Nli:. ■ ii ./ fJc 

MidmoUm 

M ilfecim cm oyimc 

■ 

Milrinone 

Mmi i i nl 

Minxydinr 

hi. nmydn i Milhrumy cin» 
Mfuhmic lo,|>L>[_>Oi 

M iloiniiitirK 

Mivpfr r ■ SO. 

Mycnhacrcmwn cell will fraction 
NafLillin . 

Nalhip hiiic 

Njbdixk iLid 

5 iilrncltnt 

Nidivphim Ift’l 

NiUmow HCt 
S illlO,’ UHK 

Vifidrolonc ii-.t i>’\- -i 
NspniiCT 

N ititinw i n 

■ 

Nrnfiiycin 

NrtHli^minc 

Nctikncia 
N ■; IosaiuhJc 

NsliU'l :t*)t 
N itlt 

Nitml urjznne 
Niihifuninitn 
Mtmglyvertn 1% aim mem 
NilRiwiMside 

Miztfktinr 

Nr ^iiicphi inc 
S i r> 

Ny^tal n 

(hnqimMJi: 

OfhiflffiUC: Ell 

I . I I. Ill 

Otiuillin 

Uu/fjTJin 

Oitnpii> Hi rw: 

Oiyntrlhnlin 

Otynuiphwic 
Ox y UNracyel i nc 

OxyUjdn 

PflfKreaUi cniyirw* 

PagHUfOtiuin !'■■>■ n.i'. 

I'.r i -.-i ci,- ie 'neaive rntumc 
xpenk illumine 

Penicillin G aquetuiv ipumsiiitm 
or mJiiiiul 

Penicillin G benzathine 
Penicillin G prutuine 

F'tnI.jUidint i&clhir nutc 

1V ertosan po | > * uHii i e 
Pcotaysoanu 


Srtu Mcdrnl 

Arilijti 1 1 Vcl 


Reglun 

.■ ■ j''t ’ ■■ 'i 

Plan! 

MezUn 

(Tiequc 

CuEtatite, MufliiilJit JV 

Vffwd 

Intcrccpnr 

PmnioT 

B; Jr#-, 11 

M r>.v in 

Cyaxci 

M tthracin 
LjsinJrcn 
N . . I' 11 : -I\L 

Asrjmorph PtF. [>uranhvph. 

Ii.l.-1:n 4 I 

Hqil i'.i 'V l.V. 

NafriL Untpen 

Nobtin 
N r^Gruti 
Rfv« 

Milium 

Narcon 

Tnai 

l>cji Purabulm. Oxnbuhn 

tiqinpiTTKii, M ipmuyn 

Cituncm 

Biosnl 

Pttmr i gmiiu Sci^lin 

H ic leader 
N i i'- 
Un pi 
Curaihim 

I i.ii 1 M Furadwiejin 

N ir « BmJ. Nrirol 
N muprtos. NipriJe 
A r id 

Lev ep I led 

(.‘bitiEOTiTu Nfltnxin 
Mycoloa,. Nilsiat 
Prilosec 

Zolran 

Orbui 

B .. 'i •: IS Pros lap hi in 
ScTfl* 

Chuledy] 

A m-dx'-l 

N tuiltt ifphac 

IbTiimvrin 
r&ixifi. Symocinon 

Virttitise 

HUsukm 

fuprimme 

Bkjillin Pen nape n 
Abb -:illin. C|}9iiL‘i|lin, 
Dept* Penicillin. Wycillin 
Peniani 

Tiilw m 


0*H*Hc 

ItaUMM 

% fc ihy ipMi] it i so lane 
Meth>ipre(Uiolone HLrtJ(€ 

Prill an rfi lUne 

r 

FtinniSsi+nljl 

Plunmjiybtfti rami lie Htl 
Phen Uka rune 
Phenvlhutuune 

r 

Phenylephrine 

PtunylpTipiirinlanime HO 
Phenvtum 

r K i) .■ >.-i ji n-,i 

Phy i mw n wb(*i 1 1 # yux>a di utic n 
Piltsearpifk 1 I r t optidhalmic 

SJituUnn 

Pijpr* ill in 

J' :v: 4tnnu 
J' :■ 1 - «!t 
l\il jmii m 

i's.il -sii'kledi gjy.■ ■ ■■-.: 111 iogS yeacis 
Potisvium chlondr 
PVjtavihiin cilrale 
Niumm toI€- 

P itj-ss. .ii ": iodide 
lAvtavijum prrnunganBic 
fllOOOi 
I" )\ nlucie-iadine 
Pt a I id 11 n mw e h km de 

]' V. I i 1 . .1 11.1 

PtiiAKirt 

Prvd r i v. 4 ;ir« *cela(c 

Pmlfti nlc-aic .idi in phi-gphiile 

fVTii«,«li,*ie indium dnteinaat 

Piimaituine PO, 

PnnLHknie 

PmciiiiMnidr 
PnvhlufpefJuiM 
Pnimeiliaidic HCI 

PnyparaCAirie 

/' v< thtM _ t-f rimm at nrJ 

I’rpfefi'i) 

Propnjjiol(>l 
PlK^py IUwsjracil 

Proili^l Jtulin F2 

P (Humane uJIeHc 

Pmti pyljnc 
F i i dorphcdrine 
Psyllium 

piTJiTitd panu-.r-- 

iNridmiifimne hKimnlc 

l’yritdjnirc mnleule 

PyniTicrttuntmc 

QuiftacriiK 

iJumKliir 

Quiiudine -dfee 
K^niridnse HH 
Rilirnpin 

Se lenibm 
S< kgiline 

Silver ■ ft.':»Ji:v 

Skin So Suh iSSS> 

Saidium hicjeticinafc 

Sodium chilink 

s- idiuin chloride sb 

Suditim Lhioride 

Sodium iodide, miiihin 

Sotlitim a mate 

Sodium pfoofphjlc 

Witim piiysiyrene s.uiluruie 


Trade Nwin 


MtmbOKBl 

Medio I 
DapoANfedn^l 

Trvnlal 

t>Laturh. LuminuJ 
IStrnryluK 
Rcpj tllK 
FUna/ol idin 

N co- S V ftepiLri nd 

rvvKnm. Onude 

DiUncin 

AnufifiiMni. i. ‘<itne 
VeUirK 


Piprseil 
Prpa-lkhv 
Fell dene 

Aereipnn rt 

•Vtk'qo.ixn 

Kann-( I Knv C'idi 

UtCKM-K 
I .r ii K, Twin K 

1 Vi t*K c i u m pc rmui $ uu Ic ■ 
KMrfh ' 
fictud i nc 

1>i«k il 

Mmipris 

f’nrtisaie- 3) 

S*ilu - Dclm OmIcI 

MyvjUne 

PiwiHtyU Pns unhid 
Ciwttpmtec 

A icvpn Mqmgan 
RemsnL Phenerf^n 

■' •' ji .'M t 

Bovii-Phj. fcqsiim,, 

I n in nun Meg ul in 
Pipivm, Rap mi vet 
Indcral 

Lit Idly ■■-■ 

V. 'c-acti! 

Sudutrd 

Pihcrall. Mctfloiupil 

Nemei. Strong id T 
MeiJ men 
NikjiuI 

I Mr.irmi 

Aluhrinc 

i ■■ i: LU |LI. o 

(jhiifi -A-:\ 

TjIHik 

Rifamue Mi,nucl*nc• 

AniptyL 

Si Ivadmr 

Skin Si Safi by Avan 

Meet Sod» Mini 

'h. . I :'lli i .I, Ayr 

Mum 123 


FWi fTKisfiho Soda 
Ambctiue i k P-< -j Red* 

Table itusifUiirf « firth™ «: ? poge 
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APPENDIX 





Dmt 


Fr t q ye r cyS 

Aoi 'x>m: 

1 IKh2t« m£ (D» 


With each meal 

Vrnunnan 

2 ni* 

J mp/Vp 

IP 

W«kl> 

Aoiidduh 

0 075-1 IS mp^£. max 3 

i m „ se: , 1 v 



rojt (Vi 

056-125 mg/hg (D> 

PO 

M 


0,05-0 1 mjAp, max, 1 mg 

IV 







os- iri 

1M. ST. JY PO 



11.115-1,00 tog/lg 

IV. IM, St 


.Vttami miphcn 

IO-I5 iti£/kg H01 

PO 

ft-12 

« kh axle ik 

Duse teufd iMti Eilitf i >f 




hmUh 



Acctiual^n ihJc 

A..S-10 miAj i > 1 

PO 

ft 


50 trig 

IV 

Oik itiine 


7 i. <Cl 

PO 

ft 

\OClC 1 %• '■ ■' 1 -IH" .i. l 

125 mg/kg <Di 

PO 

12 

AcclJ lej -111 : l 

V-6 tnMv ferf V>-rtJ n -i 0 

NcfoUtfAicir 

12 


140 mg/kg 

IV 

1 ■ i. dOVf 


70 1 II - ' 

PO 

4-ft >, 5-7 ireiruitenfr 

Accly l ,i 1 ky lie Kkl 

5-10 n^g.lg i [>j 

PO 

74 


lUl 

FO 

I2-4S 


6 mgAf tC i 

PO 

48-72 


SO mg *o 


4S 


0-25 iDi 

PO 

ft-12 


10 20 ■ i-'.; i <0 

1 ft > 

4ft 


1 50- 300 a - : J ■ kp 

IVneix detw; if mher 

PO 

24- AH H] Jjvs 


OlTLiCuiiglilaMfc A HKd 

|0 ingAg <JT| 

Pt) 

12 


6 ni^A^ (C i 

PO 

44UT2 

At (i rvwnwin l> 

0.015 mtfkgifh 

IV 

24 X 5 Ja> s 


0,5-1 l> tti^'ih- 

JV 

* J wk 

Kcii n aicd dwfoul 

1 gtf mL water: givc ](' mL 

PO 



uf slurry Aj; 

1-4 g/kg ■:. r_n . i'.’- i 

ft 10 mlTkjf 

H> 


Aeycktv* 

m 

200 n| 

PO 

6 

A lh«£ rnWcHe 

25-3E '-i ■.■■'■ !■ iL>| 

PO 

12 * 5-|il days, depending on 




infection 


50 I I - - - =■ a t 

PO 

24 x 2) dayt 



PO 

12 X J JU>S 

Altaleml 

n 02^0 05 mg/k| tDa 

PO 

12 V Plilnys 


50 ;,-1| 

I'D 

ft 

AliJafEair/oitr 

2 i-n^'ly 

i 

(7 

AllopunnuJ 

10 mg/kg 

PO 

ft-12 ft* y\} Jjvj. then e^cry' ^4 

Khuc 'era cream 

Thicknc's* of I/S to 1/4 ioefa 

I ipkally 

A :< ^.ri'eral day? then 12-H 

m 

AJ| ". i Kcr 

1 capful to 1 -2 quart! -if 


mm' 


water far Final pnv nr 




vpt’ij jeiovj : unto wc( 

ems owl rah well 



Aiprajulam 

0.125-0.: 5 ragteu rCr 

PO 

12 

Aluminum cvkiiulti 

H> 30 otgfcg 

PO « ilh mejh 

ft 

A luiiii LrkMkni hydfmide 

2-3© mL 

m 



VMK> mg/k n 

PO w iiti mcah 

8-24 

AhJimnuiri 

2-10 mL 

PO 

2-4 


hyiJritMdc 


liMt i tHumued hpi fifths utg /uff 
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Drug Lk^jjfc T tbits * 735 


Tabl# 1, Recommended Dose and Regimen* Coniim-sd 

Drug 

Dmt 

RHfltf 

Fr«qu*ncyf 

ApjimnrpihiEH: 

ii.o:-ii 4 mf/lca (Di 

JV S IM 



0.08-0.1 Q0| iD3 

IM. SC 



o. mg 

Cimjimctivjil ■ iK' 


Aprindtu 

1-2 m|A a. itua lOU mg (D) 

PO 

(3 


0.1 i. ■ » : vi-ii ( : J 

f¥ X $ nun 

re pear q 10 mm .v needed 

Apmtjfii n 

SOW taUlkrein lmbihLlor unite 

]V, JP iprd'rtled) 

6— 


(Kftr H/V.C 



A^LOftwu *;h1 

5[*»-1 S> NI nif/dnj (Di 

ft> 

24 


25 125 mg/kgAiiy (C» 

1*0 

24 


5[> i&tgftg (C) 

PO. SC 

ft *. 7 ucalmcnti 


i L. N v- %m me toi 

PO 

h-24 h 


KX) m p c 1 

P <) 

1-24 h 

Asparjjiiiuiie 

l OjQOO U'nv (ffiufl D. C 

IV 

Weekly li ■. part ul a ■ ■-.■■.i 1 


in. cm) i.'nr Oyrge n 

IV 

Weekly pin mf a pn^nei’Nl 


4(JO IIA F (Pi 

IM 

Once 


(0.(100 U iD) 

IM 

ihKe wk x I-? UHimmrts 


10.000 Linin' 30 

EM. St 

tscij 1-5 wk 

Aspirin 

in mp.Vji fDi 

PO 

12 


6-10 mg/ltji fCJ 

m 

4S-72 


25-15 mp/kp (ft i 

PO 

1 


4CMUJ rtip (Q 

K i 

4!C72 


5' n <D) 

!■ > 

t-12 


11.5 : .. >■ ■ 


12 


25 nif/kf fCi 

PO 

2 limev'wk 


lft2 mp (C) 

PO 

2 ijmcM w % 


5 10 mg.Tig i D) 

PO 

24 

Ah-T i /• -|i 

0.2 up in | mg/kjK ll> 


24 

\icruilol 

6.25 V> mg iD\ 

PO 

12 


0-25 -1 (i (iipAp (D> 

PO 

24—12 


2 5 in^s (C> 




S.OM11 mg 

PO 

24 


2 i i kg 

PO 

34 

Aiiptmerole 

VnlujlH 1 l -; ■■ ■ . ic _ i ■ \ \ 

I.V 

As needed 


IIKilchiliiilinE ■. i : i : i _ 



Alotaqiinnc 

1 vA mg/kg with fatly meal 

h ■ 

s * 21 M* 

Ait juj j turn htiyble 

0.1-0.25 mg/kg 

[V 

InimtUly. 5 he ft 


0.15 mf/kg 

iv 

io min liner 

Alnjpiino 

01322-0.1 m rtif A f 

IM. SC, IV 

.4* r : -.VJ 


0134 mg/kg 

TO 

6-8 


IUH4 

IV 



0.02-0.04 5 mp/kp 

SC IM, IV 



0D2 wip/kp 

SC 

PRN 


0.2-2 mgfkg 

1 74 dOK IV At nT4 SC. IVI 


Amr;tni Hr: 

0115-0 2 mt/k g ( D i 

PO 

12 ; V mgjAity man 

Au/«*hk»£luiO‘iL‘ 

1 st wit; 5 mg i n>i 

IM 



1 hij i ii iii t>. Ci 

IM 



2nd *V 10 mg * i>f 

IM 



2 mg (mi dll I>, Ci 

JM 

Then wee weekly deejea%ing w 


] mg/ke ill. O 

IM, (Ik it 

once ttKmihl}' 

\ ^aubb'f STinc 

OJ mpAg f t} 

PO 



2 0-2J mp/Vp (Di 

PO 

24-J& 


o Mi 3 mg/k| f<’j 

K > 





4 4K 




24 




24-4S 


0 5- L 0 mg/kg 

Pn 

;1 (jper in 






2.2 mp.4ji ihf VJ ing./rn 7 *!>► 

Pti 

24 -IN 




24 x J 1— 1 days, then -IB 


2 mg/Vg 0) 

PO 

34 

Aj.iilhtuinvem 

■r 

5 HimgftgO?) 

PO 

12-24 


J > mg/kg (D) 

PO 

34 


lil ftiE/kg (D> 

PO 

12U (5 Jiv^j 


7 45 mg/kg <Q 

PO 

12-24 


5 mg/k ; id 

PO 

4% 


!2 25 mp/kg 

IV, IM 

8-12 

Uaelnlrn 

5-10 mg i; |:« p 

TO 

E 




lidfif cimlifittrd \m fntUmirty; jHijft 
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Drug Du&age Tablei 


737 


Table 1 Recommended Duse 

and ftegim«n # Cmiimmd 



Dfttl 

Dnat 

Mat 

FriquucyS 

•T^iMum F.DTA 

100 mp'kg/day = total time: 


5 duv^ 

■ 


iiuLc Milutitm of 1 |t 

Vcr^milr/l<W ml. D,W. 
divide mo) quanrnv mL 
ini*’* 20 ulU' ■ ••. 1 ddK 

S3. 

b tin: 5 Jayv 

L Amm ^likLHt^Llc 

1 in U2 > kf 

IV ^slnwljji 

A* needed 

in 

tf._ ].5 r l k 

IV in 555 n/w over 20-30 min 

6 P imcrvjLK 


10-15 ml 

IV infuwifi 

24 


50-150 mg/kg 

10-15 nig/kp/fer <Dj 

150-25#' n^/Vg 

PC) fiat*) 

P-12 

f.ak~i-iiiri Ilk:L uk 1 

□.5-2 f (Dp 

W > 



130-300 mg/fcg iD) 

PO 

8 


0 2-0,5 | (C) 

PC 


C’jLptUl [HJWdcr fAYyr 

2 UH|VgjJ *inn 

TupicjJI>. Jr! r . : rinse 

2 1 ■ 1. ! . , k 

Ciptopfil 

0,25-2 mg/\p <D] 

PO 

8 12 


2-3 rug fC r 

PO 

a 


3-6 25 <0 

PC) 

12 


0,5-2,0 ■ ■ l k - Di 

to 

k-12 

< arhii ma/cpi ik 

Ntii nxi^ri mended for dugs 



CaihciudlLti 

15-10 mgAg 

IV 



15 - U t> mg/k $ 

IV [M. SC 

ft K 

Outetmilliri iLul^n i .l 

■r 

10-55 ivu.K.r 

PO 


NiHlium 

t’jrbimgjjitlc 

5 mgA\k 

po imdiKucn | 

K i.i-S^ ■■■ sd ht 


5 m^Vjt 

PO 

12 

(.^rhoptalin 

JUD itig/lrr [Dl 

IV 

.VJ 


2tD m^rrr (O 

IV 

- wk 

Cinrtushik; 

50 i .•.•!• 

rv 

6 wk 

i iimiuw 

2 t <D} 

TO 

8-12 


220 mj/cf [Dr 

1V, R J 

24 


250 501) mg (C’l 

PO 

24 

1 'nj'pnilcn 1 

2.2 mg/kg (Dr 

Pii 

12 

• i - l Jir i- !j 

t ► ii 1 i: 

PO 

24 


0 5 1.5 mlJIcHt 

PO 

24 

ClMM EJll 

8-K» mL (D) 

PO 

24 


4—10 mL {C r 

PO 

24 

CcU In 

4-20 mgvkg 

PO 

£ in fuHlieJ -.i .;:... 

t 1 iilrou! 

20-35 nig/kg (Dj 

m 

£ 12 

Gtfamiodek 

t-40 mg/kg 

im. rv 


Cdaaolitt «n;lmm 

5-25 mg/kg 

IV. TM. SC 



20-23 infAp 

1V. IK\ 

4-4 


£ 22 

rv 

1 2 during '.urtjery 

Cdcp i me 

50 inpAj: 

IV. IM 


Cell x tine 

5-12.5 1! 

KJ 

12-24 

COmeUiAtk 

20 ir.L' > g 

IV 

ft- 12 


20 mg/kg 

IV 

SiII^Il 1 1 i. .1 ii i : 

Cel*»pef»/i>ne 

22 RigAi; 

IV IM 

ft 12 

f’tk'rtlLXLrtl? 

20-80 mgAg (D 

IM IV. SC 

4-12 


.(>-1(0 mgAg [Cl 

IM. IV 

S 

CtMcLn 

30 mg ft j 

iv; sc 

£ 

Or'evKllin wjd]Lim 

15-HJ lug/kff (Dl 

SC , IM IV 

6-B 


6 4( rng/kg iD| 

IV 

ft 


] l-3o mg/kg it'r 

IM IV 

8 


20 40 mg/kt (Di 

IV 


< i ; ^ -i: mntf 

s -t0 Tug/kg 

PC) 

12-24 

CiftunJinK 

15-30 mgAg 

1V L 1 M. SC 

b- 12 

i ■ 1! 3fc>l nr 

2.2-4 A mg/kg 

sc 

] 2 24 

CeftirmtiTiv; 

25-50 tngAjj 

IV. im 

8-12 

Cetera,* mw 

15-50 mg/lcg 

IM. IV 

12 


25 

IM, IV 

Single Ut a I ms n I 

Cefumxirrv 

l0-$n 

TO. IV 

S 12 with food 

CeJ !i nisi \:! 

20-22 aqgftg [ L> 

TO 

12 


22 : 1 • ••(■ r (C r 

TO 

24 

Ceptulctm 

20-60 mgA $ 

TO 

6- J 2 

Crrhalondi no 

10 mg-'kg 

IM, SC 

*-!2 

£ ■: halsiChl i 

ll>-44 mgAg 

IV. IM St 

4-H 

( rpt'ijrnjfulQte 

<> tti mg/kg 

IM, IV 

6=4 

Cepfiapm 

10- -o mgAg 

IM IV. St 

4—K 
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Tail* 1 . Recommended Dos* and Ftagimen* Continued 


Drug 

OcFSCf 

Roitut 

FttfMKyl 

Cepl if ad t fie 

10—MJ 

PO IV' 1M 

6-8 

i :lJt iiinc 


InpK'jil 


CtUTLiSii. *d*t V Hid 

1 -K g/kg a\ duny ; 1 j; 5 

m 

A-\ needed 


ii l water} 




<5— [ J! :nLAg iMJxfKrftsHJiij 



Oi^vm rnbwii 

0 1 0 2 mg/kg ID' 

PO 

2+ 4*. 


24 its p-nr. (Di 

po 

24-4IV 


2 0 mg/m ! i D > 

PO 

7 duy* 


li 25-0.5 •!C l 

PO 

44- 72 


20 i ■ l" (C J 

PO 

14-21 dayi 


tl-2 mg/kg 11 

Pw 

24 for 10 k vyt, then 


il l nig/lf 

PO 

24 with prainbutic 


0 1-0 ? ing/kg 

PO 

Once (ivffj 48 with pfcdniwxK 

Chkjmmphemuij 

25-30 mg/kp |Dj 

IV. PO.. IM. &C 

B 


SO mg m 

PO, IV 

12 

(.'ll iiinlkiicpni)tic • 

l-J fcafelctK 

HO 

12 

clidiniuiri 




■. ^lorhe*idine 0 S'* 

Apply at'ler l leain»nig jikii 


A* needed 


Soiun i- *ei dieting 


12-24 

CKlcjrothia/jdc 

Hi—Hi i-i-.'s.l- 

PO 

12 


3CM0 mg/kg 

PO 

12 

tldorphcnn jiitinf 

2-* n v n u>i 

PO 

«- L2 


1-2 1 . 1 - to 

m 

M2 


2-4 *ng CC i 

PO 

12 

CTlI.Jirps ;■. r .ii!. l 

QlM 4 pig/kf (D1 

PO 

H-12 lot uinquiJiiqtiufl 


0.3 i «O 

IM iV 

6~8 


2.0-4 0 mg/kg (C> 

PO 

24 


fi-05-0,50 rii/Lg «Dj 

SC. IM 

6- 24 


1 m^/Vp i0) 

kevta) 

4 


D mg/kg i D} 

PO 

6-24 


1.1-66 mg/k k (D i 

IM 

6-24 


2 mg/kg D) 

PO 

gf-24 


0 5 mg/kg h D) 

IM IV 

E 2 1 or tetanus 


2 1..-.... i [ i 

IM 

12 

J . ?il irpropamidc 

ITMtl mg/kg/ctay (Ity 

PO 


Oilofifliat ycliiK 

25 ag/kf 

ro 

6-8 

hydnichlorjdc 




OrutecakiJend 

5QO-20U0 Uflig/day 

PO 


llinleMyramine 

2UI) ?m mg/kg 

PO 

A; iwskd, 1 2 tO> 


1-2 g iDl 

PO 

12 

Oiunonjc 

5M i i w m it. 1 1 nj 

IM 

kqwist n 4S 

jftmaJmrt>p<ni 





25 - E no 1 u 

IM 

2/wk for 4-6 wk 


StK> IU l L j > 

sc 

Twice yrk fear 4 *i, then start. 




prcgrwmt marc scnim 


50.,)-1CM Ml IU it)i 

St 

74 lor 2 dayv, aher follicle' 




sUtnulMing Iwtnwic 


350 ID tC > 

IM 

On days 1 and 2 uf csinn 

Cimdidini' 

5- 15 mg/Vg 

PO, IV IM 

6-12 <L>}« $-12 lO 


3-15 mg/kg 

PO IV. SC 

6 


5 mg/kg L>j 

PO. IV 



|[>-25 rnp/tg 

IV. PO LKI 

1 2 

QtirOlltm m 

I1M2 m£/k^ 

PO 

12 


20-30 iflt 

PO 

n 

t'lsapid.. 

0, 1 4)J mg% ( D i 

PO 

H2 


25-5 mg/CJi 

PO 

8-12 

'-'■J'lilr- 

40- 0 ntg/nP iDl 

IV 

qlwk with saline *ol i:iion 

Clarithrornyun 

2.5-10 mgiVg CD) 

PO 

12-24 

<’ Irma same 

] 05—0, Ml mg/kg fl>) 

m 

12 

Clindamycin 

5- LI mg/kg 

PO 

12 


22 "'■■>■!: 

PO 

24 


5- L0 mg/kg 

i v. m 

A 


HMtr mg/kg (Dl 

PO. IM 

8 lor 2 wk for loKopla^inrtuH 


12.5 flu mg/Vg lO 

PO, IM 

12 fur 2 wi for toruplusicoHii 


1 20-2^ mg/kg iCi 

PO IM 

1 2 for 2 *\ k for tcnopla^mimii^ 

(Ittlil/ITTIIIK 

4-K itUi/kg 

PO 

24 for ft wt 


ng 


h 




rr 
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Table 1. R®cornrwded Dost and Regimen* Cootfnu&d 

^ •***"——mr—§ 


Drug 

Omt 

Route! 

PretjuincyS 

C -.-tlnsfwf ine 

4-6 nig/ki; 

4 hr IV infusion 

242 (avoid extravasanioni 


m^/ig lD) 

Ki 

24 Mr 5 duy> 


J—7 itijj/kj* 

PO 

12 (adjust dose based dfl 


10 E ■. V ! ^ c 1 

PO 

monitoring} 


1-7 II k •.' iDi 

Hi 

' : udjust lilMC batod cm 


1-V'i solutfcn i> oil 

Dtop i n <■ > - 

wniiOfingl 

Cyclosporine 

1 **'".i. ! 1 . Il ,. . 

Cydutbia/ide 

0.5-1 mp/kp 

HO 

U 

Cy pfwheptd^line 

1J i : kj 1 • 

PO 

S-12 

hvdrnchlrr idc 

P 

. -4 M >■ . r 

PO 

12-24 

Cyurjbiiu: 

5-10 


24 for 2 ml 


10 50 ■ 1 i ■! 

IV, [M SC 

Once a 'a'k 


NX) mg/xr 

J v. IM SC 

24 for 4 Jav». 1 hen 

■ 


20 mjjv'cn- 

] ntrulhccul 

24 for 1-5 days 

i-i. •••:. 

■ 

13-3 1 mg/kjt 

PO 

Every 72 ta or 2 X *k 


f >mukg 

liquid 

E>CTy 72 lu or 2 X ml 

(.'ytoMm? armfrurinsukr 

ltn> mp/ni- 

IV 

24 for 4 day* 

D^arbruiiic 

200-230 iiii/m : 

IV 

24 for 5 days, every 21 day* 

L ■■ i> :i "■ imV -' n 

' 1 ■■'H j : ; II 

IV inp 

Over 6-S hr. every 2 1 days 


O.IM5 mg/kg 

IV 

24 for 3-5 days: rtail 3 wk 


0,7—1 3 mg/ffir 

IV 

»i«tlv 

LKin Lt Hf <. P1 

5=10 mgyVe '.Di 

PO 

12 


5 mg/Vp * y ■ 

PO 

12 

E'.II I, 1 1 k 

3-15 tRg (Dl 

PO 

8-12 


1-5 mg/kg {Dj 

PO 

8 


ft.5-2 mgAg (O 

PO 


Daphne 

0 3-1 1 mg/kg (Da 

PO 

12 for 4-6 *k 


* mg/kg iC> 

PO 

24 a 6 ft k 


50 mgftg iCi 

PO 



12.5-25 mi > i 

PO 

12-24 


1 n.- k.. Di 

PO 

8 for 14 days 


1 nig/kg L>i 

PO 

1 


0.7 1 mg'lLg 

PO 

8 

J - i: -'■ 

0.14-0 22 ii. t, ■ 

sc 

12 

Iplu* 

2-7 kg 1 #1 i jpsiile 

PO 

12 


7-1-1 kg- 1 #2 capsule 

PO 

12 


>14 Lg. L #3 capsule 

PO 

12 

1 .■.■! i.sqi-siE ..‘l- 

U4 < 1- 10 th dug 1 tu 2 1/2 

PO 

In food, twice daily 


(91-KW Ibdqgi i>p 




10 -■.•.■■■*•,- 

IV, IM SC 

2 hr for 2 dow. ihen 5 hr for 

mt' sy l.ite 



day 


50 mgi’k g 

IV 

Ov er 5 mm 

Vduh.1- ' i. 

w 

10-15 mg/kg 

PO 

8 k.i: 1 uiinc nc^. for bilinbuii 

Del tit- 1\ Ibsflrij 

3-7 If: 1-2 \*h t D) 

PO 

24 

Ipluit pdnJnhi>luA£l 

7- [4 kg: 2- 4 u& <Di 

PO 

24 

jplus 1.1 ,. . me* 

14-27 kg 4-6 tab (D) 

PO 

24 

hvjnvIilwJi! i 

■21 kg K-K i..b 11>» 

PO 

24 


1 uih (O 

PO 

12 

Uemrc lots c lit* 

W 

M2 mg/kg 

HO 

r 

F V- u y\ ■ ■ i . ■ \ ■ i ■, 

0.5 1 mg 

IM 

24 

acetate 

1-5 ®nf 



Dc prenyl 

See j 1 . 



Dermcap US 

1 - 1 ■ c per VI 5—Wl kg 



DcmKap ES liquid 

Up to 13.6 kg .give 0.5 nd. 

Up to 27 2 kg. give 1 ral- 

Up u 40.H !_■. give 1.5 ml. 



tVrmcapc 

1 capsule per 9 kg 

Ptl 

24 

Iknth. jp u us! 

To 4.5 kg, give 0.35 uiL 

To 4 kg. give 11.7 ml. 

lb 13.6 k| give 1.05 mL 



Dcsmoprevun -■ i : .i-. 

J *i£/kg mi 

SC. iv 

90 min hefnrfl t&urgery 

iDOCVPj 

03 lUiAg iiiiluM i:i 5o iul_ 

IV 

Inlibal over 13-30 min repeat 


saline) 


■i - needed 


2M #op& 

SiiisosHi junciis all} 

12-24 


0.1 tog 

PO 

Topically 

12-24 


1-2 <Jmps 

]jntmDB»al r subconjunctival 

12-24 
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Table 1. Recommended Dose and Regimen* Cmmmd 

Drug 

Deut 

ftotiirO 

i 1 • i. m r . ^ 

i Jf+ftH ji Clift ikK ►tfifn jtv 

( K2-0.4 

IM 

24. .i .• 5 mg 

iKclalc fPOCA) 

Drwn : ciftik LHtfmnc 

25 mg 

fM = J mg'ibs 

DOC A n:lt jmtO for 25 dii^t 

p^aftiae 

1 2-1 -m $ pellet 

Si = 0.5 m^0ii> 

l>[ JC A released li'T-r 6 • : • • n :: •• 


1 3 mjj'kg U.lj- 

TM 

25-2* das* 

■# 

[VliU1VtbMW« 

2 

JV 

ihc’P. fw C‘NS ?rnwmj 


1 ii : k 

IV. sc 

B-12. then 


o.i ingAg 

i \ , sc 

Tt-17 


0.25 itig/lp 

IV, TO. TM 

iVU M hi) di i tCf-phalii* 


4-6 irtg/kg 

IV 1 s]oM |) J 

fur 'Jhvlt 


0.25-0.3 •.•. . iDt 

SCv t V 

Onot ihfli 


0 25 1.25 mg/lg 

PO 

12-24 


0.10-O.I5 nigAf 

SC, TO 

12 tiM 5-7 d- • v S [hen ugwi Aim: 




Vr itb mimuFwx-ortiiiMd^ 


0. l -0 5 mp/kg 

SC IV 

Then 


j 

IV 

*-24 


0. 23-1 U m^rt jL 

PO 


X^.jmcthiisojv' MaPO. 

4—6 rmgfltp 

TV 


IJtV; .11 1-:i i, S 

1 1 1 I..3;.- 

!M 

4-6 

rV\riMum L 

25 • • • k j 

<if 30-70: ! 

IV 

15 min before doiinruhuriM 


dbr-wa?. "■ i ■< doKOfubicti)) 



40 

10-2(1 niLTVp 

JV 

24 


2 mMkg 

IV 

74 i n 5 ( * D/W 

iJrMran 70 

20-40 i il m.-. 

IV 

M in 5S IJm-W 


10-20 mlAg 

IV 

24 w c ffm 

taVnujitphrljminr 

5- L 0 otg 

TO 

K with inn fwamssie 


0 2- 1 3 mg/kg 

TO 

As nndeil 

l>rTLlTtimiCf horphtqn 

0 5-2 mg/kg (l>» 

to. sc, rv 

6-8 

DeAlftM, 5()H 

2 ml As 

TO 



0 25 1 ,l]0 ml Ag 

IV 


tX‘A0i*M. L . S r * 

40-5IJ mLkg 

1V, SC. IP 

Ah. needrd 

(lUrlo^iKillin 

5-10 

PO 

24 

Ils&Kfpjin 

0.2-0 ft tnp/kg - 111 

IV 



0.23 mg 

TO 

* 


0.3-2,2 mg/kg 

TO 

As iKtJdd 


0 13 03fl mg/kg iC? 

TO 

> 


2-5 ffij/cflt 

TO 

* 


1=4 mg/kg (tO 

ro 

6-8 


2-5 mp.-'kp 

pa is 

* 


1-2 rngTig 

ftectii t 

As ■ : i..'. ■ |[H" vrt?un?A 


0.5-3 (1 

!V 

In mcrCTiKivh of 5 70 mg 


2-5 i ;■ kg 

IV 

As needed for siri^urrs 


0.25 ii-'-' 

TO 

6-41 


0.14)2 ■ .l- :■g U t 

IV *|ti*1V 

Ah [Hmncslhdit f« S. ■ Hi 


S l 22-f 3 44 mgA g I < 5 mg i 

(V. IM 

iTiinlph 


0.5 fng^Ttc 

IV 



0 15 rtigftg U>i 

K > 

S 


2.5-5.0 mg (Cl 

TO 

h & On dflu d)hs^in»pu 


05 i .• k • 

IV 



l 25-25 

TO 

S-12 


0.05 -fl 4 mgA; (Cl 

l\ TO IM 

24 or 4N 


1 m <c> 

TO 

24 a-s .i|ipcli[.. • i ;i .. r. 


?- lO mg 

TO 

I for ?i-.-i'i-.i c p!' 1 i, 11 . : ■ ■ i 


1-2 tug (O 

«J 

12 


0.5 2 2 mpl£ ilvt 

TO 

As nerikd for v v ■ ' i ■ "i anmetir 

I!h..Kf x tde 

5-1 ^ mgfTf (1 • 

TO 

lDividedS i: 


ftlilV i l :l V t 



Us-, hi ■ | ■. I -. .i 11 . 

2-5 mg/kp 4) j 

TO 



1 mpAp rt'j 

ro 

& 12 

Lhihkwvtis 

11-22 mpAg 

TO 

Ilf 3 *11 


76.4 33 mg/kg |0| 

TO 



11 rngAg ipujuiuM 

TO 



11 ffif/kg *Q 

TO 



r-M#^r«Nn/ fcr/Jirtrjfiif /ir/ff 
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rhftip Dnugic TiMh » 743 


Tibi# 1. Ricorpnwriitd toil and R#gim»n + CotHimted 


Drug 

Dmt 

ftawttf 

Friquenc^i 

r>tp>TI(LilTMliC 

4- ] f> mg/kg 

TO 

24 

Lh pyrene 

25-HK) t > 

IM IV si.. H i 

i 


25 mg/kg (O 


8 /low tote), : 2 24 (high do*e) 

Lbuodimp b!D FA 

fl, 374 wdrtinra 


t 4 vi^ ccunea lur 15-20 tmr 


1% wtotim 1-2 dmf* 

Tnpically 

1 1 far wk 

T>iw»ptie» J 

10 m^Vkg (0.22 mlJVg) (Op 

SC 

Repcd rti 2 -3 wit 


7? rifi/Ks (0> 

sc 

RepeM in 7 tlay^ 

Lhitn pyramid? H V, 

^ 15 rnf/kf 1L)> 

PO 

% 


> 1* kf. MO nag (D) 

PC 

6-8 

Dubi-iunine iodide 

6.6-It mg/Vg 

TO 

14 for 7-10 dsyi 

DiluJpftKl hodi .lot 

Ss* Valf Nm? acid 



H -Mcdmmmr 

See MrUnnninc 



Dcriiuiami dc Hi 1 

5-40 it£/Vg (D) 

iV infu^on 

1 min 


2A-I5 jxg/k| H i 

IV infucKin ■ mi■ ■«!■ 

l nwn 

[XlCUlltC .-.l.i IlMT,. 

25-2(11) mg h!> h 

TO 

15 

sodium 

50 mg 1C) 

m 

12 -24 

OHiipcrKjurh; 

2 mg/kg 

PO 

12-24 


250 reg/12 ml glycerin 

Renal 

1 fepra* x L> 


2-5 ii g/dog or cal 

PO 



0.1 0 X -ill:' 

IM. IV 

12 

Dufiafttiiv (K l 

2-25 ^|iVkg flip Jo V) jj-jf/kjf 

IV mittKMKi 

l mm 


if wvm hypoicti»taA or 




sbixi) 




2-5 mf/kji < It to doyii 

rv riftfuMufi ifl 5% DAV 

1 nun 


2-lfJ pfftf 

(V i n4 v*wm 40 mg in 54 JO ml. 

1 min 

J>uafmcii 

1-5 irvg/kg 

[V 

M needed 


1-2 drtjfft 

Subjinpmd 



0.1 ml or !(■ mg/m : 

(V lumhJKjJ vein) 


Ontp n HO 

J-5 mg/kg imu IV) ngl 

TO 

12 


m 

0.5-1 0 mg/kg [Di 

PO 

12 

Do a mm hem 

JO mg/lR 1 yff 10 men. 

2Vl mg/m- ftli: max. 

TV 

21 days or 1 <kyn 


cumilaliw 

20- JO rtppYlV i C ’ 'i 

IV 

21-2S da>> 

IVnycy Sm, HCI 

5- 10 mg/kg. 

TO. IV 

12-24 

0>t y luniiw? tuccinji; 

IJ-2 2 mg/Xg 

12 for 2-4 wfc 

TO. SC. tM 

K \2 

fetaaw cakinMi- 

25 izif/kg iti|» to 100 mg/kg 

ST 

Evm 6 hr lor 5 (lavs 

sir b® 

ili-MtJitsm 

lfl dtlf %i Of IKf m Ii ti-'i. 

(2 e mu) 



hdrnptmium (7 

u IMi n mgftg if ) 

IV 

\t iMi u.iv nf 6 mg 


0.1-0 5 mg (pupiJtc -l 

IV 



2 5 mg/fji 

IV 


Fir Kline 

1-2.5 mLAg. up ta 6 6 tnL/ 

TO 



kj’ fD) 

JJ mlAg. (Wluir 50:50 wilh 

TO 



Wakr (O 



Erdul^in uitivn 

4 3< mg/kf 

IV 

Once 

buliivil 

0.2-1 0 ri’.’-'k (Hi 

TO 

12-24 


0.2MJ.50 Mf/kf (C» 

PO 

12-24 

E AduRlrtC 

InJuctkm 2't-J^ 

1 ,5%- 3.04 



t-julcnna/ote 

i*s- dilution 

Topical ly 

11 for 7- 10 dayt 


10-20 mg/kg IK/* koIuIkto; 

Instill in Hi mill >inw: 

L 2 for 1 1 k-14 days. 


50:50 water i 

Pilule In 0.25J- Mllulinn 

Wash 

72- 9h 

1 n . -.'lio i- in 

1 0 pci nlgAji (1 >> 

TO, SC. JM. IV 

12-24 


2.5-5 0 (C) 

TO. SC. IM. IV 

12 


5-15 mg/kg 

PO 

12 

Efttdnnn 

2-5 mg iC) 

TO 

8-12 


1- 2 mg/kf (Pi 

TO 

8-12 


4 mg/Vg «r 12 5-SClr mg/Jof 

TO 

8-12 


2-4 mg/Lg CC| 

TO 

8-12 


1/4 lu 1/2 tablet r LJI 

PC l 

4-6 


1/4 uMci (Cl 

PO 

4 * 


irte 1:10.01X1(0.1 mp/mD 

Tdbic cmtM*IMrvd o # 
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746 * Appcikhcn 


Till# 1 feeomroendad Dose m 4 Regimen’ Cotrtmued 


Drug 

Dwf 


fffl'ljiwntyi 

Icncafkcl Mujnim 

20- Ml mg/kg il>> 

IK P0 


l p hos phnnofom m c J 

11.T nig/kg IO 

IV. PO 

it 

Km j/.iluli:k 

4 mjAg .t i 

PO 

12 (m 7-10 da y s 


2.2 mg/Vg 

PO 

K for 7-10 days 


8~2U mg/kg 

PO 

ft fnr 7 day* 

Furmcmtdr 

2-4 i mg/kg (up to s mg/kg 

rv, im, po 

ft-12 or k needed, kHuf to 


lor jcui.'.' rtitul iitdurc ] 


1 invest iknr pumibk 


0.5 2 0 mg/lg 

PO 

12 


1-2 

PO 

12 


1-2 mg/kg 

PO. Si: 

12-24 


5 mgAg 

iv m SC PO 

*-12 or each iw IV infusion 


2-5 mg/kg 

iV 

At needed 

Gubapentm 

*[ JO-121 *> my I :■ l 

PO 

1 

i ■ ii ini globulin 

1 gAf 

IV 

6-12 

< fenJitv' i/i 11 

ittK.KC mg/g iL» 

P0 

12 

t-.Tl.'.l , iM , l l 

4-K rag/kg (Dp 

iv. iM SC 

12.24 

(kntanucin SO, 0. 1 £ 

\pf4y light Coaling 

i < -pac ally 

12-24 

Glipizide 

0.25 0 5 jus; i' (Cp 

PO 

IM 2 


2-5- ? 5 mg/g (O 

PO 

8-lJ 1 jeadua 1 inerrasr to 




maiumim due -m aeded 




hued cm tenon glucotc) 

Glu:.. i “i?0 

o.ul midi:. (Di 

IV T IM 


Gluratr4ti 

Apply J/|t inch 

icficully 

2-A limrk daily 

Glytuirwle 

0.2 mg fkt 

PO 

Daily 

Glycerin 

1-2 mLdg <4 W* solutkm 

PO 

Repeat once it 8 hr 

G l yeery 1 ac n utc 

) (0 mg/kg 

IV 

As. seeded 

Glyceryl monoocctak: 

0.55 mgdg hourly lo 2 -4 

im 






Glyccjpy'fTtilanc 

0,005 o.oio mg/kg 

LV IM 

As needed 


0.01-0,02 ng/kg 

SC 

V12 


0.01 -002 mg/Lg 

SC, IM 

Ai needed 

f ilial s. h::hm 

1-3 rag 

IM 

1 5* w h 

1 .M -l. i.;]^. 

2-10 mg 

IM 

2nd 


1 mgdg 

LM 

VI a i n le iu nee i cans’ tsf wee k 


125 250 ngdf 



&u iblrar: ifstB 

50-inn 

I'M 

R*r l 3 arBimcDts 

re leu* i d g hormone 

30 j*g (D i 

rv 



!5 pLg (€i 

IM 

After msiing or on day 2 of 




eafruaF 


SO-inn .ml' u>< 

sc n 

If hp response. repeal in 4-6 




days 

Gunnioinipi^ 

22 ITfcf 1D1 

m 

24-4R m 

chotkWK; 

44 U (Di 

m 

O&m 

£j'arnkvylc tnfony- 

Kin pg/kg iCi 

sc 

12 

MimuiMiif 

V— to pfdg fC) 

sc 

24 

faeior 

lo-iw ».gkg ( di 

sc 

24 

i kema lupin me 




pmwth 




factor.. h 1 grab m. 




grarirKclrurl) 




(eimifulYin 

10-10 mg/kg 

PO 

24 {qr divide K 12) 


50 ire-Vi 

PO 

24 |qr divided 8-12i 


■ Mi nlgHg 

PO 

24 ior divided 8-121 


25 itig/kg 

PO 

24 (of divided 8 12) 


5- W mg/Vg 

PO 

24 


20-50 mg/kg 

PO 

24 

(imwlh Ikhimic 

0.1 l 4j i|:p 

sc 

45 fqr 30 days 


0.1 ft Ag (D| 

sc 

24 flu * ikysAwl for 4-6 ttk 

GudLfcncsin 

44-HH mg/kg 

LV 



33-£k mgAg 

tv 



MO mg/kg \ Dl 

IV 


Halo thane! 

Induction V* 




Maintenance: 0.5 I 



hemoglotn n 

10— Ml mlAg 

IV 

Odh 


i poly nwrjJtJ 

bovkfl^) 
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Table t. Recommended Dose jnd Regimen* Continu&d 


Drug 

D*Ht 

HoutO 


tdoiundme 

0_J% noluiiofl. 1 drop (Cl 

Apply topic illy 
Topically 

3-6 limev daily 

I 


0 5 f r ninanii iCi 

Ti > pi colly 

T- 

1't ■' 1- *•' 1 1 - ■ ■!|| Ii-r 

S-7,5 mg/kg iVi 

EM . SC 

14^21 

!i i f\ p i:.;i i . i ,i 'i .n 

2-10 «|Ag 

EM ir -i. iv IS inlusion 

ft-& 


3,0-fl Tig/V*; fl"l 

rv 

K 

1 mtpr anune 

0-5-1 0 m^/Vg ft)} 

PO 

& 


S—15 mg ■D) 

PO 

11 


2.5-5 0 rnj< 4 C| 

PO 

n 


2.2 4.4 i'.; 1'MV 

PO 

12 24 

Insulin, r eutrul 

<15 te 1 L /kg (D i 

SC’ 

: 2 ■ -4 

1 : irtiii ' Hugt ..1 h i 

--25 1;^ 0 ! S-0 50 IJftf i 01 

sc 

12-24 

i N PH > 

0-25435 i \&tby (O 

sc 

12- 24 


1 -? u <o 

sc 

13-2* 


3-5 U id 

sc* 

24 hJ effeti 

Insulin, protamine .■ n.. 

0.5-S LHtg 

St¬ 

i 2^14 

insulin iPZI) 

Jnmilin, regular 

1-3 U <o 

1 u/l mL JV fluid, 

1)11254] 05 U%flir 

} fcg: L L’-'. i-i !■■ I'^-ii ;- 

then 

s'. 

12-24 


1 [ i , 11: „i 

3-10 kg: 2 U.'ammal imlully. 
than 

1M 

I 


1 L/animal 

>10 kg. 0.25 Ll/kg Liutiiillj 
l hen 

1M 

t 


0.1 U\g 

0.2 L'ftg. ihcn 

o.l Vfcf 

1M 

1 

KturJy until ghjcurc 
<250 mgfdl. 


2-5 L a 

SC 

ft. to effect 


0.5 U/kg <D| 

sc 

1-* 


0.35 13 g (C) 

S' 

i-H 

Insulin. Ulinlcrnc 

Dog <15 kg 1 UAg 

SC 

24 lo e fifed 


Dog >25 kp 0.5 l kg 

sc 

24 tn cffca 


0 2.MJJ 1 kg {C> 

sc 

24 


1-3 l' (O 

sc 

12-2* 

l i*i:: i . Tfn b i human 

15- 30 UKw 

IM. SC, PO 

24 on alternate wnb 

TTrrnnHnwi*) 

0 5-5 0 ll/kg lO 

PO 

24 


1 U^fli 

PO 

34 


15- Hi: ‘ .-.,i 

PO. IM. S' ' 

24 on ulirmaitc weeks 


|E)U 

PO 

24 


0.22 13.<lcjt 1D) 

m 

24 


Add 3 Hiillim 1 U.i 1 L sterile unlutUiis.; divide slnui sr.1 aiicm 

needed lo pnnliNT 10 IVmJ, dispensing solution 

ilHii Alk|>:ub and freeze, [how .idd diUnc wtier 

Jodinc 

5D-I00 

PO 

24 

lotto srsdum. 

20 mgfkg [Cl 

po 

12-24 

pni11 - n 2tw- 
SMluljl-Hl 

Jc »hc*ol 

40 r ■ s/kg rDl 

rv, po 

iM2 

E. |- -.'I'-li 1 

0.25 > 11 ►. 

1: ilmlhct ul 


Jpecac tjtvp 

1-2 ttiUkjf, Up let IS 31 iL 'fJl 

3J mL/Lg dilute 11 irbb 
^flier t ; D) 

TO 

PO 

Repeal li« 1 in 20 min 

Ipoditir 

15 nig/kg 

PO 

12 

-\ r- r iLi.'i- c 

12ft iflg/l. W ilert |[>) 

PO 

Ad libitum for 1 days 

http IlMI'HI 

10- 21) mg/ljt ftdlirswd 

onl fenents sulfate <D| 

m 

Ctoe 

IwiHunnc 

50 mi (O 

Induction Vr 

Maintenance. 1.5-2 

IM 

Ai 11 davit of age 

Iwcnd hepicnc 

05-1 f) ml. *151 

IM 

*-r: 


1 lahkE fP) 

PO 

12 


0.25 0 50 mi. fO 

tM 

12 


0.5 tablet 1C| 

PO 

12 

frtti »riJ> 

10 Ml mg/kg 

PO 

24 
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7511 * Appcmbcci 


Table 1. Recomnfandfld Dos® and R&gimen* Continued 


Omg 

Dwt 

RodIbI 

FraqutKyS 

Kttuprufen 

1.1 ing/kg CDs 

IV. po 

24 tip uj 3 days 


O 5 mg^Vp It i 

PO 

24 

Kridn4aL' 

DlS ifrig/Lg (I» 

PO. IM, IV 

12x2 6ases 

(mmc thimine 




L~Asp ant g i n ^si 1 

lailOlfxL It 111!■.-J • 

m W ifll.A|/day 

IV 


MthiUiin 

90 tnlAg D} 

IV 



6fl ml flit fO 

IV 


Ladofemn 

4(1 mgAg (C f 

Topical 

24 

lACtitol 

250 mg 

PO 

12 

L^clukhc 

fl.5 v; 1, A y <L» 

PO 

8 Of 2-3 toft h'fHilvJjy 


5-43 ilklVik* 

PO 

% 


2.5-50 ir*U«H 

PO 

12-24 


fl.25-l.fi nil Ait 

5-10 nil. iMuifd 

Rc u Lil 



1 -J witit wjte: fC) 

1 ml J 4 5 kg i' D» 

to 

& fto effect y 

Len|KruW 

0.22-0 Ka infrks tl.'j 



LeiKtworin 

3 mg/lfo • P j 

IM, PO. IV 

PO 

WnJtin 3 tar of mcthoCrccalc 

Leriltorphaii 

0.02-cs, 20 mg/ts 

IV 

A*. a retied 

Loamiwle 

10-11 mg/lg [Pi 

PO 

24 far 6-12 -uvi for 


10 n; 'L (C'| 

TO 

micioTii^rictde 

24 ftif 7 days 


2-5 mg/kg 0)1 

m 

48 for imfntuic Uinuilatxm 


y.5-2.0 mg/kg <P 

PO 

Jx wcckJy 


7.5 mg/kg (D) 

PO 

24 


25 mg/kg (Ci 

PO 

48 for 10- L 4 days for Lung 




worms 


25 mg (Cj 

PO 

4t for 3 treatment* 


5 8 mg/k§ (Di 

PO 

Once 


Up in 10 tng/kg 

PO 

t'i-T 2 day ' for bnoLwnmn 


20-40 mg/kg (Cl 

PO 

48 for 5-6 traUKfUi 


4.4 mg/kg jCj 

TO 

Once as mvnurac ■Urnuhm 

Levuncrcnol 

2- 4 m^VOO ml. 

tv 

Ljhu'l' id iff eel 

Le no- a tt^j h etami nc 

1-4 mgAjg (Pi 

PO 

As rxfded 

i.£ s. ednpi, 

6.H eng/kg uuiully, ibeu 1.4 


6 


rrig> f k|, 



U * otli yruxirte ( T, I 

22 p.g/kjt IDJ 

PO 

12-24 


20 32 ng/k g 1 D 

PO 

24 


U.5 nig/jn : (D| 

TO 

24 


ICV^J |lg/kg (Cj 

PO 

Ifo-hjg even 12 toirt 


50-1 UO mgAg 1.C p 

po 

24 

i .1- ^ i ■■<. 

2 4 ii,j k.: (Hi 

tV bolus, then 



25—73 

I V i ntvsion 

Mm 


8 M j k._ mer 10 min *'Dr 

IM 

1,5 


0.15-1 J00 :ii-''k>- tl i 

IV bohi». then 



W-40 

IV ioFusinr 

Min 

Limt HUlfUf 

1: 20 diluOtKI (D) 

l ;40 Jjlul ion 

Dip, ainby 

w«tkly for 6 *k 

Lime u iMer 

5 niL/kg 

PO 


Linuuinyc in 

11-33 mg/kg 

po. rv. jm 

12-24 

[jAlhviomrc, T 

4-h ([ip 

PO 

8 


4.4 p-g/lf 

PO 

8-12 

Ltxincfinl 

A IMt 30 mp/kg 

TO 

24 

LjElti4im curtaarac 

2. 26 m^Ag <D) 

PO 

24 


10 mg/kg ill) 

FO 

12 

LotiafitUirt 

J5 mg/in' 

IV 

J 

Lomuslinf 

60 mg/m' (111 up to W) mp/ 

m2 

PO 

5-S wk 

Loperutudc 

IPI 

0.08-0 20 mg/** [ D \ 

PO 

8-12 


U 1-0.3 mgAe (C) 

TO 

12-24 


0.08-1 J 6 fligflig (C9 

TO 

12 

1 ulciWTd) 

5 mg/kg (DP 

TO 

24 with meal 


15 mg/kg (O 

TO 

'!4 wiih mol 

Luleiwim nutbem>cin 

1 mN/ji per o^Huprute- sijmI 

PO 



i*,»g 



Lutrinuifl^ hormone 

50 H (C> 

IM 

Aftef m«i:rR.f 

5 LH p 




i ysme-ti-VjlMfKiufl 

1 -2 hp'f-4 i 

,K lllvflnjUJK r: vat 

8-24 




Drug DuHge liMes * 7S1 


Table I. Recommended Ofli* gnu Rtgimen* Contzmisd 


Orug 

Dt**t 

Ha tat 

FfHjwncyf 

MjftnhJt IIP* 

Apply Li> linfkmH ol 1.4 io 

Topical 

t2 


1 f2 lath, wath nff 


24 

M i. i i' : fil l- 

2 4 mL/kfi 

po 


Magra^iJifl hydroxide 

3^JU mL iDi 

po 

12-24 


3-in ml. (Q 

PO 

8-24 


13-Vl mUfwr I-. v 

PO 



M mLtear 

5-5 V; the ahine ckiuigrh 

PO 

24 

i oikh 

1-2 rttliiflp 

PO 

24 

Magnesium tain 

<173-1 mtc| % Mg 

IV 

Over 2 4 hr. constant rate 


IJ.MLS s5iljii/i.,j/sJay 


nfuucxu thereafter. nvet 1 ■2 

hr (repent every 4-ft hr if 




necessary) 

Magnetiuin u f ii. 

5 13 ml. 

r%f. tv 


I 2W i 

Man nih *1 2CC 

1125 *5 g/fcgof 15 25** 

IV over 15 f# min 



«dtuiun 

IV ever 15-20 min 



1 3 mjf/lce 

1.5 lUg/Vp 

JV 

Oft* 


1 g/kg of 5-2531 solution 

IV lo maintain unrur flow 


Marfenfasdccn 

2.5-4 mgAj <U) 

m 

12 

Me be it«J azote 

22 mg/kg Kiih fmd 


24 lor 3 days 

Vk'. f .' -IV-E-.I V..IK' H( 

5 mg/m 1 I l > 1 

IV. IT 

,\i EKCdcd 

Meclizine 

125 mg (C i 

PO 

24 r | hr he fore riding 


23 mg < L>:i 

PO 

24. 1 hr be fate ruing 

Medofcmunic ik id 

!•’* lisp ji n .i v kg ijii 

PO 

24 


1-1.1 ntg/kg/day (Oi 

PO 

24 for 5 ’7 dav* 

■ 

Medenjtniitini: MCI 

QM-OMmUkg 

IV. IM 


Medium-chain 

I oC 10 with each meal 

PO 

dd6-8 

triply i. i (k 

0.5-1.0 od!0 kg (nut 1 ibf-p 

PO 



per meals on 1 0-2.2 mU 

kgAiay i*iih loud iI3| 

PO 


V 1 If JniA,y pnijc%(|nire 

1 - 2 mg/kg < C j 

IM 

Once weekly; slop 7-10 dap 

ihJtlitr 

10 mg/kg lp,l 

1M. VC 

before 

As needed 


Itk-iu mg/kg it 

SC 

As needed up lo three wij«n*o*ts 




per year 


nig/kg orietf (pt 

IM 

Repeat la 3—4b tuanfas if needed 


50-100 mg once (Cl 

VC. IM 

Repeal in 3—6 mwidM if needed 


ion m s fCi 

IM 

Then 


B-50 mg 


30 day* 


50 mg |C| 

IM 

llicn 


1V25 mg 


■V> d*p 

Mcp.'sln>l iu fhilc 

25-5 (} mg (O 

PO 

24 for 10 days. then 4$ tor 5 




treatments. then u needed Sdr 

gingjVativ 


2.5-5 0 mg (C.i 

PO 

24-41 for 14-21 days uniil 




r ;* r - *i ••.M'.-n Then 12 wt 


Proettnin T2 fng/kgAlag p 

PO 

For 8 days 


A tie ^tmv 0 5"' tn g/k g/ilay 

PC > 

For 32 days 


(D) 

PO 



5 ng/cal for 3 days. i\ : 




2 5-5.0 mg uiuML lor IO 
wife 




2.5-40 m$ (Q 

PO 

24 lot 10 days, then 48 uv 1-14 



PO 

dayt for endocrine alopecia 


5-10 ing /C 1 

PO 

4a for KM 4 DTStnutHs iben 




every' 2nd for , o?um pfulk 

akurs 


2.5-5 0 mg 

PO 

7 dtp to prevent estmc 


5 mg 

PO 

24 lOf r 5 days 


25 mg 

IM 

6 tmenlii 


i t-2.2 mg/kg cdj 

PO 

24 as noedod ter hehe^mni 


2-4 mg/kg iC) 

PO 

JlM.itlfcZK! 


Reduit lo 1 r 2 dose a! :■■ 


Once dai 1 v 

■■ 


day* (C) 




2.S- -5 1 1 mg (('» 

PC) 

24 :iw 5- tO dsiy\ then oore 


weekly 

Trtkfr ’Ttmtimird r*T Jb/lnnw( ^jfr 
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Table 1. RecOfMieiMfid Cute ana flemmer.* Continued 


Drug (Joint FUmtat 


Mcjjf hlA^I C 

J mg iO 

K) 

Ctmiinurd 


5 m^/cui 

5 0 mgfc»t 

po 


2 5 rngAlt 

IX> 


2-3 IDf^vtf 

PO 

Mdglyilaiflc stiliniutukr 

1£j 0 mg/kg (Dj 

LV, M 


214} hijAh. (I)i 

tv, sc 


5-30 mi 

i\ IM. II 7 

Me ijMtojmiiK 

fwE* 2.5 ii j: k. doHcx. fDi 

m 

dihvdnodikmdc 

MeliHumn 

1-2 me (Hi 

St 

MelorKam 

0 2 «ng s <D| 

PO 


©J mgfig 

PO 

Me i' i •-.n 

0.1 (TigAt <T>) 

PO 


03 

m 


0.5 m&Ag 

PO 


2—4 mg/ni! [Dr 

W; 


13 mgfrrr <D) 

PO 


03 4}JO mg/kg J J? 

PO 


2 eagfei - " d i 

PO 

Meiud^l 

MCI 

4-lo mgAg iD) 

IM 


3-10 mgvkg iD| 

iv: im 


1-5 inj- kg (O 

IM 


23-6 5 mg/kg (Di 

LM 


2.2-4 4 mgfkg <C) 

IM 

Mcrphfnjtoin 

10 mg/fcg (D| 

PO 

M^tvaidLhf 

Locj] m nltmiefi <u needed 

Ln.ul 

03 ml (1-5 mLl of 2A 

): padunJ 

2 1 

J[M0 mp/kgAkiv LtO 

PO 

glycine 

6 M(TV'iipii’pdii!**• 

50 mg/m- mr 

PO 


2 mfi/Vg 

PO 

Vti.'II.H’l'i'lfl 

2D mg/kg 

IV 


40 m^/kg 

IV 

Maaiiminc 

10 20 i 'i iDi 

PO 

MfHrt 

JtW of cydnph11s(.'ham »k 

P0, W SCJM 

Meiaimicd 

■ y h ut omc «f 

cydnplKMphamKle 
iTCMmrni; ’■ Ii ■ 

* ilfi repeal dose 
(24 Iff ’ '.IV . 

2 -10 s (D) 

In ntuutclKd JixxJ 


2 4 g (Cp 

In mnistened food 

Me 1 a pts4crcD0l 'U1 fdK 

o, \2 5-0.65 mg/kg 

PO 

MrUnnnrx4 

04)1-0. 10 mg/kg or 10 ui£ in 

I V ilowly 


250 nit- 5*S OAV 

IV 

Ml : 1' ■: II u 

2 ttgAg iC} Jj fuller*-up 

PO 

MeilUL/oUiiruiic 

studies needed > 

1 -2 n i g/k | ([ 11 

PO 


1-2 rog/kg Cl 

PO 


2 4 ttigAg (i i. v ikne 4 6 

PO 

Methenjanne 

mg/kg 1 

5tK> mg;'*Tf 

PO 

1 | j 1 ii ,i- 

250 mg/cal 

PO 

VtcTh mil rmie 

10-20 mg kg | U) 

PO 

i .. ■ i- i i.- .1 . 


PO 

\liih , II i: 

20 ftigAg 

IM., IV 

Methiinii/cJe 

5 irj c*'. onJiKlftml 

PO 


2 5-5 0 i' :■ . i: 

PC .1 

dl - MetliMHime 

.l-rai/Tki: (D| 

0 2-1 t ED» 

m 


11. 2-1.5 g i adult tala unl>} 

PO, added to food 


Frequency! 


24 lui % duyv then twice weekly 
for days fur skin problems 
24 for 4 muiiK then weekly 
fdf 4 for ultima 
24 for 3 Jays, then weekly for 

10 fur chernn.il contncepciuti 
24 for $ *4 

weekly for IE month* 

24 for 3—1 wk, with aitopurinoi 
4&. wilh ilJopurinoj 

4^-n 

24 hr apart, repeal m 4 iiHMth* 

24 for 3-5 days 

Loading dose followed H > Cl. I 

mjiAg *vny 24 taor* 

24 for 10 day*. ihrn 

24 for ' wk, then 
48 

24-4% 

Daily for 7-10 days 

Daily for 10 days, lbee 48 hr 

48 

As nee d e d 
As needed 
A* needed 

B 

fcsery .50 set until Ii rehears 

atom 


24 

24, in a protocol 

I 

tt 

6-8 

5 


12 34 
12-24 
4-6 

To effect 
12 

8 

12 

8-12 

12 

12 

12 

<M2 

fM2, Mkmrdty 8-12 


t 

24 
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Table 1 Recommended Bom and Regimen’ Continued 


Drug 

Dmt 

tonal 


Melina ar bund. 

Lnilul. +4-66 lD) 

m 



24-66 mg/kg 

po 

K-12; dimmnror ithrr J Jjys of 




no response 


44 mg/kp 

IV 



35«22(> jnpfli ffl. t^2 diK 

IV 

1 QC -If. ■ IU= !iS‘ Ljf 
■ 


;Ml ■. until i .1 r-,n .6ft 
{fctTtrs and otmiimif < wen Lci 

c tccol 3 30 mg/Vp/day i 


[ten .*ociing 


|m|ial 44 fW H.'/kg ■ t>i 

PO 


Mrtbuhetiljl 

2.V*- Mj]uLioti. LI 

IV 


M«hCiLTC 4,lU* >*4 

23 miW ot 0,3 o 5 nig/nr 

TO 

24 r < 2 -} >■ wtekl j 



IV 

W^dUy ns ii Tniuictil 


2.5 m&m : <l» 

PO 

24 


5 ro&W <D) 


tin 1 ami 3 [4 0 wvrkly 


0.3 O S rnp/K* {Cj 

IV 

maniE. 




■ ?n day 14 wirh 3 mg 




paedfllaw PO 12 hr 


2 3-3 ) rng/ar 

PO 

24 


10-15 mp/nr »Cj 

■‘High (W’ 



4-LO mg/m' (Di 

Pf ! ' l V tM 


Ml ihniMIlltM! HCl 

fl 1 D ft mg/kg (D? 

IV 



2M-I**l |ig/lf or 

134 



40-441 |Lp4g 

IV 


NtdfruyffliiMJK 

■ i 1 1 ■ iOfl: 

MtuiUaWcc d.3%-| 4 C * 



Mt'liH-opolifflinc 

0 1-10 ! j:■ k : lUtf 

PO 

S 

>■ ■ i 'i ■. i !. 

■■ i.m- '■■■'■■- in fwlsi 

JBi 



Mi lb -; Lcllukuw: 

n 3-3,0 p (Di 

104 5 g iCl 

PO 


Mrthyk'he hltii 

1. ft ftllg/kp f 1 ^ lOlutiiM ) 

IV h -slcpwly 

ks i-.-. : m iKeded 


1 mgr**II ml. 0. vi- Nad 

tv m 30-40 mm 

■Syunmg imunrul ai 25 min 


100- .M3f.> mg 

PO 



1 mg/lig 

IV. ifcnvly 


Meihj | i-.i :1111 >\t 

5-14 D| 

TO 

S—12 


?-4 mjt/lg ill 

TO 

As needed 

Mrth 

0.3-1.(J mg/kp 

TO 

■ 2 

McnIvyljirciJr intone 



2 wt kv 2 6 1 ■ i' ■ ■ i 

acrtjtr 

. ■ ■ 4o mp i ( ■ 

ST, IM, i nr j .;%i v il 



4-12 (Di 

SitK'ofljtfocd'v ally 

7 Jjiy^ 


1-23 mg/kg (O 

[M 



t mp/lg iD) 

[M 

1-3 wk 


4 3 mpAg iC > 

st;, im 

] -24 wk 

Mdlh . Ipf^'dS: illllW 

M> .n.- 'L>i 

IV 

LiiaJinf, ilvn 

sodium wmada 

15 H • • 

[V 

2 lir 1 n. - Itien 


iO .11.-. K.: 

!V r SC 

6 f<» 2 JU) *, ilic n taper dost 




over 5-7 days. 


30-35 tiig/Vg *Eo 

IV 

Once 

4-Mclhy Ipyntynle . 4 £ * 

20 •il^.llcg 4 1> 1 

rv 

l ■uadLnjt. ihcn 

MtlulilKI 

13 :m ■ kg (Lit 

IV 

Al 12 and !4 hr. Ihen 


3 mfftje (O) 

IV 

AS V> Hi 

Mt Uiylli-Musichiik; 

L-2 ri'pAf iL>»: mat. 23 mg/ 

PU 

24 Jot 4-7 


da) 

1-2 Inp/lp, rm.\. HI ;nj/diiy 

TO 

24 


0 ?-l .0 mg/kg. (D j ; mai. 30 

PO 



ropAtav 

TO 

24—44 


3-23 

\ ■ 23 nig/ear 

TO 

4S 

Mi :. i'i ,i. ■ 1' 

&.2-0.S mg/kg 

TO. SC. IM 

n 


o 01-0 02 mg/kg/hr (D| 

|V rlfuMim 



1 0- 2 0 mg% 

IV tnfuMmn 

24 hr 


(] 2-0 4 ni -'L ; 

PO 

ft, min hetoac meal* and at 


0.3 mg/kg nO 

PO 

beJdnue 

Mftnpn'lftl 

3-50 ii :- il ■ 

TO 

t 


05-1,0 nig/kg (I)i 

TO 

H 


2-15 -i •■ . ii 

PO 

I 


12 5-25 0 tn ? . tO 

TO 

12 


Tahtf i'twitiJtfiS h m fttlfiiM. Irtif fHijtr 
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Lhug Tables * 755 


mu i. Recommenced Dose and RetpofT [mime 


Drug 

OtwT 

Routt? 

Frequency! 

MaiiiMi 

3 )i^ (Dl 

PO 



25-300 fig/kg (D> 

PO 


My«ih*Hcrul cc 11 

1.5 mL 

1V; deep 1M 

24 x 1 day of trci 

wall eitmt 




Nadclnl 

0.25-0.50 mg/kg 

PO 

12 

NaTcilIm 

10 mg/k§ 

wx im 

6 

Nulbupfaj nc HC1 

0.75-1 JO mg/kt 

IV 



0.03-0.10 mp/kg (Dl 

IV 


Nilmtai (no* 

1-4 m^t-VjJL (D> 

sc 


Utfeu'ied in USA) 




NaRjiphnie HC1 

o.i nifAj i.oj (mu. 5 nig) 

IV 

1 Eilg fw every 10 




morphine 


0.1 mg/kg iCi iniiii. 1 nig) 

tv 



0,44 mg/kg 

tv, IM, SC 


Nakucnc HO 

2o mg 

sc 



2 mg/kf 

IV inf«Efl 

1 


O.QL-OJM mg/kg 

tv 

To o 1 lect. m 


0,04 mg/kg CDS 

IM IV* SC 



0.05-41.1 mg/kg (Cp 

IV 


NiJbcxcu iTnciiuii 

0,01 mg/tg 

SC 



1 mgAg ibp 

sc 



2.2 me/kg 

PO 

12-24 

Namtulonc dee^ivuie 

1,0-1,5 mg/kg (f>) 

IM 

Wnrkl v 


5 nig/kg i D) ( nnw 200 mg' 

[M 

2-3 u* 


«4) 




1-3 Iiipkjr (Op (pu 200 

IM 

Weekly 


mg) 




10-50 mg 1C) 

IM 

Weekly 

“ ' rir 

Nafireifctn 

1,1-2 2 mg/kg a>) 

PO 

24-4* 

NJUJflycin 


TcppkaJJy 

.MJ 

A aceiyk y4eine 




NcrvDjrba/iric 

4,5-9.0 kg: time *1 capwlc 

PO 

12 


9.0- 1)A kg WO #1 tii^uk* 

PO 

12 


13,6-27 J kg itw-* #1 

PO 

12 


capsule* 




13-6-27,3 kg t>ne #3 capsule 

PO 

12 

Neomycin 

ICk-20 nigAg tDl 

IO 

MI 


7 mg,'kg 

IM. IV. SC 

24 (MpkrofcHiac) 


10-20 mg/kg 

Rectal (dilute iru vraicfl 

6 

NMriifminc 

1-2 mg (Di 

IM 

Ai needed 


5-15 nig. (D) 

PO 

Av needed 


0,05 mg/kg (l) i 

IM 



Less than 5 kg — 0.25 mg 

IM 

6 


(to 




5-25 kg = 0.25-0.5 mg (Dl 

IM 

6 


>25 kg = 0.5-0.73 mg (D) 

IM 

6 


l-Kl ligAg {Dl 

IM, SC 

A dm mi ■iter i*ith 0, 




alwpine 13 


40 fcg/kg (Dl 

IM 



20 |ig/ku 

IV 


Nkulinanudic 

f5fTJ—ICSOC1 mg 

IM 

Om, then. 


200-300 mg 

IM 

4. then 


200 mg 

PO 

24 fnf 2 wk 

NlfJanmiic’ 

J57 mg/kg (D> 

PO 

Once 

Niftatipine 

Diwyige nm ceaWnhfd 



Nifurtifi*™ 

2-2 5 mg/kg (D) 

PO 

4 foe 3 TTirmlhv 

fi»< available in rJ>e 

H mgA g 

PO 

24 

United Slain} 




Nikafluikle 

7,JV=3|,2 mg/kg 

[V. IM. SC 


Nferaftjnnioin 

4 mg/kg 

PO 

641 


4 mgAg 

PO 

24 

N alfoglyeerio 2% 

5-30 inm {P) 

sc 

4-12 

ointment 

1 M-2 inch (D) 

sc 

fi4 


HJ mg (Op (nwt. 13 mg) 

Topically 

6-H 


1/XIO IM idi (Cl 

SC 



0,5-10 ugfcg f3 msAgi 

IV inlbkid 

1 mm |uk 50 |ig/ 

N itaHcnuic 

50 mg/kg {Di 



Ni^judine 

5 mg/kg (P) 

PO 

24 

Norepinephrine 

■D.'D5-0.J0 |igAg 

IV 

I nun 





bi tartrate 



liuWc tiWitnufd an f&Hmwrtg iwiff 
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Table 1 Recommended Dos& and Regimen* Continmd 



D"i 

Dw«t 

ftusteS 

FfCquencfS 


5 nig/k* 1 C 1 

IV 

Picovaf for .ii ■■" > ,i. i-u l 




rrauiiin 

Haiwreititc enrvine 

W 

1 liibLn 


1 n food (cm sl : > pi II. i 


1-2 r*p 


Ui food 


0 5 -1 (I isp 

2 isp/10 kg bnd^ w^ighi 

Pi ) 

In food 


( 1 Kp^ri js k| of food 


In tbod 20 nun be loo; feeding 

■ ' ■ . , 1 1 

——14 J lahlel^ (O) 


In loul 


1 1 ■ ■■".■■. (O 


In l(«d 

PjuELumniujii : 1 i,U 

0.1 mg/kg t0.i 

IV 



0,03 riij^kj; (!>) 

rv 



OCKM.uO mgfkg (D> 

IV 




Vi ih mcthoxyfluLJJhr 
vV iih hjluLhiuit 



11,044 ll]£'kg 

D. 11 i-i ■ 

IV 

IV 

Then 

PjfcjtonL 

0 , 05-11 (& mg/kg 

PO 

H-l 1 


t5 ptiL df piiiu^fic (.nrw^ind^ in upprox 2 mg o| mitrphimct 


Raf till u iioyx 111 

12?-165 infet/kii 

to 

12x5 da> s 

(aauiflmHiiiif 1 

Paroxetine 

1 ■ III 1/4 of 30-ni| 

TO 

24 

Ran siiiiLMW 

1CV- ;M1 nsf/kg 

IM 

24 

u-PmiiL il Inman.: 

JO-15 rug/kg 

TO 

12 


125 mg divided 

TO 

24, then 12 



TO 

Before fecdinjt 


l s nig/kg (r» 

P() 

12 uith TooJ 


33-lUI mg/lff/iky (U( 

PO 

Divided n«) 4 hr kir 7 dav*. 




wait 7 days and repeal 

Rcctsullin t: ..... h 1 •• 

2JXOOCU55.O0O LAf 

IV 

4-4* 

[K or N*> 

22 .oon Uftf 

IV 

6 


20.001 J- 55jOOO I'Vkg 

IM. IV. SC 

4 


4O0DU m,$ 

TO 

6 on t-iupty SToniith 


20,000 55,000 l. r .'VjS 

IM, IV, SC 

4 

' ElK lJIlll O 

50.1 Ml 1J%. 

IM 

5 da>A 





■' 1 - ■- 1 -1 G 

B.OUMOCUnO l:/Vg 

IM SC 

12 

■'. : 1 ki V j'.iUv. 11 

10-XI mg/kg 

TO 

6-S 

■' l‘ .1 ' 

15 rnp.-’k g (1 >) 

SC 

2J loi 1 day) 

.. .;l • :i..'... 




4 rtlt/kj; (D) 

IM sc 

I wk 

Petllazi.x: Hie 

2,2-3.3 nyg/itf lC-.i 

IM, tv, SC 

L'|i oi nay 4 


1 05 3 X1 ing/kg (D> 

IM [V. SC 


IVlXotarhlaJ 

5-15 

IV 



2-4 mjAf. 

IV, PO 



10-30 mpAjj ill* 

IV 

2 txduv remajFnn§ m effect 


25 ihg Ag (Cl 

fv 

hVwonan | • <• - -. :. >. 

* nag/kp 

IM 

7 tluys. 

iVntouD flinc 

'■■r 

Id mgAg (Dy 

PO 

ft 


I-6S-3.3Q mg/ky. fDl 

IM. IV, SC 



tng 

PO 

24—1H 

Fvtmlirum. while 

1-5 oiDc*t 

PO 

24 

" 1 1..11 '■ 1 : . 

7 J mp/kp 

1M M 

24 x 2 day% 

iscituoMkie 

15 mpAg 

IM, SC 

24 X I d*y v 

illtrttutfcafllilii! 

2-30 iDh 

PO. IM, IV 

btadiit| dose on 3 mg/kg 




. k il i: l ill v. 


6 mg/kp 

PO. !M, v 

kwy 6 


2-4 mg/kg 

IV, TO 

1mow cot ua .dsusi dove 


2.2 mg/kg ii>i 

PO 

12 


(-2 mg/kg CD) 

i 5 > 

8-12 


1 mg/kg fCi 

PO 

1,2 


4-s m io 

PO 

] 2 for Jtuie h^fvncrishin 

12 

PhiTu ix vtxrntulKnc 

m 

0,2-1 3 mg/kg (Dl 

M i 

MCI 




5-15 mg (Dl 

p! j 

24 for detrusor anrftcria 


tO in® 

PO 

M2 


05 iXf\f 

IV 



0 25-0.50 jmgAg (D.h 

n - 

6 8 tor cmkHoxenua 


23- H) .0 mg i Cj 

Po 

24 


0 25 (Q 

PO 

8 


tmbif 1 ■tmnm&f <*11 fttiftmutg; ptofr 
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TahSy. l, Recommended Dos© *nd Rtgr-twi* Continued 

fr—■ ■■ 8 i, ■- . s —i ’ „ __ 


H 

Onset 

ftHMl 


Pr^JfiLwluivy 

40 mgfnr <D]c 

PO 

24 for 1 ^ L it*m 

pTnlniMmc 

ni^nv* ilT\ 

TO 

4$ fm lyim|)hontu 

CuMlrturil 


0.5 mitkg (D 

TO 

12 24 ft* hypenmphic 


1 -4 mgftg i.Di 

TO 

oaheopithy, puniiieitb 

1 2 divided for immune'mediated 


2 IrijP^m (1J) 

TO, IM 

b^sitcdyik a>cniia vt 

ihrarobocyLopehia 

12 for urticaria 


1 1-2.2 

TO 

12 until rcnu$&ion. then ugnei for 


0 5 mp/kg {!» 

TO 

ihunne-mdulal 4 id 
dueues 

12 for 5-10 days. then taper for 


4 inpAig {€) 

TO 

canine atopy 

24 -with cyclophosphamide fer 


2.2 6.6 '>.••■[' i('J 

IM. TO IS SC 

ftiiftr infectious pcmnrmLs 

24 enu ully. then taper to 


2-1 mg'kg <C> 

15-50 n ; L- P) 

IV 

41 for imrnuiHnuppcesuDA 

Repeat t» 1.3.6. or 10, then 

1 ■ ■ J i -■ I- ii.- jccuc 

0 1 0.2 mg.'\g 

FM 

every other 48 for shock 

12 

rtrdxiM.i Jorw untlium 

13 m#lt* 

IV 


fbotx&wt 

PKv ik\ v «>K i ne wxb tun 

2-4 ::.■■'»[■ (Pt 

IV IM 


sUi-viaulc 

1-3 *»lAi to 

IV IM 



1L- V l mg/kg (lyy 

IV 

Repeat ib 4-6 for tfmek 


1 -2 itlg/kj! 

15-50 ingfcg 

IV 

IV 

Then taper ib 


1-2 *nj|Af 

IV 

*2 

Primaquine TO- 

0 5 mg/lij (Cl 

TO, IM 

Owe 

i M<H available m the 

United Sun©') 

Pr:i h!.'-'H. 

35 mg^g i D) 

PO 

k.hi 1\M day. fhen 


10 15 mg/kg D 

TO 

& monitor For additional dote 

JfojcainumiiJc 

25 50 ^g/Vi/nun i D i 

IV infmkin 

adjust mem 

5tt> 1000 rn jft 500 mL 5* W 


6-fc ni?< r kg i O) 

tv 

W to effect 

Over 5 min. then 


6-20 mg/kg |D 

IM 

4-6 


8-20 mg/kg (D) 

PO 

6-8 


6 6-22 ft mg/kg 

PO 

4 (to S if sustain Dd-rcicasc 


62 5 hit'll 

PO 

preparation ) 

6 


S-lt mg/Lg rCj 

IM. PO 

6-8 

Pnx tikirpcra? ine 

1 mg/tg (Pi 

TO 

12 


0 1 MKV1 m s ,k f i D) 

IM 

6-8 


0.1 n.-V- 

m 

6 


0 1 } tng/ltg {!') 

IM 

12 

Pnxhkupr flui nc/ 

luipnitfiufikJc 

PiPrUMitis? MO 

2.2-6.6 rug/kg iD) 

IV 



3 2—1-4 -n.'.'V- 
1-2 mg/kg 

IM 

IM. IV 

4-6 


2-4 mg/kg 

IM. IV 

4-6 

PrunietluzifK HCI 

0-2-0-4 itt-n. LkiMt 1 

IV LU r PO 

b% 

propantheline 1 hnifttuk; 

nag/kg) 

0 5-1.0 iiij.t,.- tD> 

PO 

8 


072-0-25 nig/kg 

PO 

B up to 3 day*, 


0.2 nig/kg 

PO 

643 


7.5-30lO mg <D); uzc 

PO 

8 


dependent 

PO 

24-72.; up u» every 8 

Prupturnazfrie 

5.7 mg (O 

1 1-4.4 mg/kg 

i v. m 

12-24 
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Table 1 Ra commend ad D&se and Regimen* Continued 


Drug 

Dml 

Routt* 

Frequency 

Pvitikiriifiirunc 

0,2-10 mp-Tip {Up 

PO 

JMl; administer dtiikhuUncrgk- 

to*m i Jl 1 



flm 


"\5 - Vj mj; (Dt 

PO 

12 


<5 fcp. 45 mg (Di 

PO 

6 


3-:S kjt: 45-‘*Dtlg <U> 

PO 

6 


>25 kjj. *41-135 mg <1 >j 

PO 

6 


1-5 mg {<’i 

iv 



0.25 ingAs 

PO 

24 


0,15-0 .10 mp/Ljt 

IM IV 


P^riLmirw iiulule 

12.5-25.0 flip 

PO 

6 

Pynr»ct Immune 

1 mgftg ip'l 

PD 

34 


0.25-1 mjj/\sf{C) 

PO 

24 


Wllh kulfni i- ■ .1. M frft m§/ 

m 

24 


kg i LJ> 

W ‘ll ‘; : i ' ■;■: i 

PO 

i2 


siulforamuk at 15 mpAp 

CD and O 




n, 5- j 0 itiffli ■ 

PO 

12 fai 14—2^ i lav *•. 


1 mg/kc i D i 

PO 

2 4 far ] 4 2* cUyi 

5 U.r»- tjsdy lor flitmpprxm 




curuum 


2 rll ■ ■ . it'l 

PO 

24 far 14-2S day* 

Quin al ri nr 

6.6 i. j. '._ iDj 

PO 

12 far 5 days. 


11 (Cl 

PO 

24 far 5 dflry* 

OuUIJlLi EL' 

mg.lg iC> 

IV 

K 


10-20 mfAcg iO 

PO 


■ i.,! lee pi .Il - :i..:l 

6-20 

IM PO. IV slowly 

6-12 


6.6 22 mg/ltg 

1M 

2-4; 8—12 '-i.vl.i.m-v! Tclere) 

Qu undine 

6 2V m'*. H D j 

PO 

6—H 

p-|tyg»JjlCTUfOU(» 



275 mj| tftinidinc 




gwIjf^lACtttfan.jtc = 167 mg 
qirinidint bate 

1 , K i- M l ii. MJU JlC 

6-2C1 inwk^ t * i 

P» i 

6; H • '■ vi ri Ji-.J cufw} 


6.6-22 

PO 

Every 2 hr until antyrthmu 




runlrulled. ibcn 6—8 300 mg 

qumidme •ufi'.Jie - 250 mg 
qutnidlne bav 

R Js Cmeihl«HUIK 

Nrc is;i u 



RaoitKliiK hci 

1 2 mg lg ■ 1 ■' i 

P( i 

12 


2 4 it ; I p > 

PO 

M2 


02 lugAg 

iv, PO, M 

12 


3.5 m^ltjE iO 

m 

12 


2.5 mf/if it 4 

IV 

12 

Retinol iviuniii At 

635-SOU ILVlp 

PO 

24 

Ribavirin 

It r'■■" L !■" 

PO IM. IV 

24 X 7 daj b 

IC 1 -.4 .1 • > :i 

10-20 iDi 

PO 



s- |o n^i jiy rci 

PO 



5-10 mjiAg iCp 

PO 

24 X 14 d*yi 

r ? i ■" j ■ • 


PO 

K-12 (DX 24 fO 

Rirts- i ^ v>lm .' i 

40-50 rnLi'VfJilay 

iv t sc. ip 

Fc: mainicifcaAce 

K- rtifi . tin 

15 ag/kg 

PO 

24 

Rurm 

5{l m. 4 . 

PO 

I 

ScijfWiminc 

O.05 m^As IU h 

SC, 151 

6 

bydn ihmumk 

Sakgiltoc 

0.5 m^Vj 

TO 

24 


1-2 mp Af- 

PO 

24 

SeUrax“»ti 

6 rpg/kg 

To pica.] 

30 days 

1-2 X 3C days ajwi 

Once 

Selenium 

0,1 rixr«f 

IV mfuvitrti 


Selniii'us id sodium 

0,3 mg/Vg. 

PO 


wlmne 

Scntu 

5 pnLt4i isyrupl 


24 


|/2 tsp/viU wrth [oihJ 


24 


(fnwlea) 



Silver nirn I.- ^iilllian 

v.i ■«■ wei tlni^inp 


12-24 

IJ.5'+ 

Silver tuljariia/inc 

Apply liytlT - ■ ' .1 n.- 


12 for several days, ihcn 24 


Dilute 1. L walh witer 

IPjtk cleaned c» 

12 

Skin So S^fl tn ,4v<no 

or 

1.5 Ol/pl w^lcr it 


Uuf a* si dip non- wedtly 
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Tabla V RecomtMncttd Dssa and Regimen * Continued 


Drag 

0«*t 

Rcrftt 


.Sodium jurrthinmalaic 

OS n.- i. <l>j 

1M 

Once a uk !' '■' ■' * 

Stxhuiki bk'tifNinjif 

10-15 mg/kg 

TO 

i 


50 : '1 •. /kg ( | . • .■ jippiOA 

2 gi 

tl.3 >- vl ikpj k itargci 

TO 

S 12 

Di a for addu i.* 


0.5-1 0 tH.5% 

. i - ■ i » l nEqiH of 

NaHCO.J 

IV 

Di ;■>■ for aejti-iei 1.1 


2-3 mEq 

IV 

Over M u 


OjfiS-S R5 £ 

PO 

M .i ii :n pH 1 LI up Ti ~,*i 

SiNiikiui lIiIlm fedc 

1 S *Afcy 

TO 



14 g/day 

0 5-1 0 g/daj 01S 

40-50 mL/kg/duy 

pc* 

PO 

]V. SC. IP 

R divided daily 

Sodium chlorkU < ' l x 

\pply l/S inch 

topical]) 

u-6 limes daily 

0 0 < Muro IM) 

fridiuin chltYidc -.5^ 

2-K ml 7kg 

]V 

11 - be IO jhed hi ill balanced 
dfVillilkitdk 

Sodium HtoJfrdtt JD^’i 

0 5 Lp'thy i C p 

PO 


M^luciun 


20 40 mg/kp (D> 

PO 

1-1’2 for 446 uk 


2o rap/kg/dny -1 < 

TO 

He* 4-4 u k 

Sodium pbutj^iaEt 

Lhlulc ] 3 g hith 

11; L). give i o-20 ml. 

m 

■ 2* until vlTKiik jtc Milt 

Sodium poly viyreM 

r is e 

PO 

S 

iul (Hftutr 

g/kg in .1-4 ml. HO 

15 f m If Hi nil. «f 14 

Timhjlcdhitiw; (jr phiniv: 

I -> 

Dividt i] n % He 

Ktdil 

St.-HJiti.rn 

3MD mg/kjt fD| 

IV, sc 

^4 Il.ii f Ufk 

AiihtijiJTjcfiiiucr". 

jrtlKMW 

Stxliini .. .1 

1 1 i. p [ 1 1 

PO 



50 i in 1 Vl •• 1 1-,ii .i -1 m 

ujUjff iC l 

V-2J1 p J)| 

2 5 1 (C. 

LV 

ft l 

PO 

4 for fi ■ ,i i.il i.- 

Sodium, th inpcnlal 

3” 15 mg . 

tv 

To effect 

StuJium UmMulfui*? 

4t)-50 mg/kg 

tv 

S 

20% 

Sorthlnt 

.1 ml Jig 

PO 


Sots lot 

1-2 mg/kg 

EO 

12 

S.'u ii v i:,.. in 

3- ] 2 njyltf 

m 

12 

Spi r amm i n 

20 nif/kg iDi 

v,«tfpuble erllctiio .-. 

FT* 

12 


12.5 23 mg per dog or c#t 

TO 

24 

S u romp]JcHWkf 

1 -2 mp'V# i D > 

2-4 : ■“ k g -I.,;, 

PU 

TO 

L2 


3 m^/k • i Cl 

PO 

12 


3 2-5 m$ (?) 

PO 

24 

Spcftmotacfcffte/ 

2 mfrlp 

PO 

12-24 

1 ■. J| ■ K 1 ■. " 11 1. , 1 . 

Slanoml 

2-in mg (Di 

TO 

12 a* anabolic afent 


1 2 ing- \.C i 

TO 

L2 


r l J. 5- 2 t> nig {S ) 

TO 

24 for anemia 


m 25 mp/lg iO 

PO 

7 ilnvs 

‘■r 


3-4 mg iD) 

TO 

24 


25-50 mg/dog/w k 

IM 

2 ikiy* 


1 v - .1 

TO 

12 


25 mg C l 

IM 

7 days, 


] 4 ifcig- i C i 

to 

12 

S .spl .i. i ty*aic 

0*1-4)22 mL 

sc 

Hov 


Inert me mud doses cm I II ml. fup 

ncwctsjT) > 

in 1 5 mL in large dogs if 

1-1 to l wk 


0 5 mL 

U.M .0 mL 

liv?CT> tn the lofignt IM.il 

muiniainv clime jJ ooattnl 

St 

Week ly for 10-12 uk. ih tn 

every 1 -2 hk u ■ reaulig the 
dosing 

tilhir C t twhuted on joikrwinft P&tit 
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1. Recommended Ouse and Regimen* Continued 

Druf 

Dtut 

RhM 

PrtflMREyf 

SUptljdocQeirUH A 

20 |ig. f 2.75 »l 

IP 

3.5 dats ih tumt weekly 

SMVffloaycui 

10 1 i- ■’■ (Di 

IM 

6-12 

fdihJiLnllr|NotiiyLiii) 





’■ ■l t i i pk/ v-. i: . n iiu>. ► l 11 <! 

IM 

L2 


10 f 




10-20 mg/kg <Cl 

IM 

12 

Scyrki iWK‘Kif 

6.’ ■ ■ > 

PO 

24 

(n>iylpyrklnijuiii 

dwUiyh;;ii6jiiuH.n£ jnd 5.5 

PO 

24 

1 Itckk (ulus 

mg/kg *tyry1pyndmjuns 



dkitayI mi I'j.mmk ) 

i hkntie 

PO 

24 


Vo. 20: 1 uJWU> L ; . (D) 

PO 

24 


W 50- i tj|W25 fcg Uii 



SuecinvkNdiivc 

'07 i. , d>i 

IV 



11.06 stijA^ 1 <’ i 

IV 


Sue nlLite 

1 e/25 kg (D) 

m 

6 S 


2 <-0-500 mg (O 

PO 

SM2 


40 mp/Vp (C) 

PO 



6.5-1 0 f (D> 

PO 

K, C1 66 maw tfkr ci«et:Jrt|* 

SufcnLuid 

2 jig/kg (Jiiav clow 5 fjtjj/kg: 

IV 


Nutt ad urine 

22o mg/kg 

PO 

Ps.it 1 I realm ent, thm 


50-110 mg/kg 

PO 

12 


15-50 mg/ 1 : kgdj). wrtl 

PO 

Divided 1 2 for L 4 day * 


pynrocitanunr 




50 ' ik . .ji’h.[:' 




25 i"i. /kg (C l 

ft J 

\2 


ltd) ill: ■ '.v:i .: i 




50 TEg/kp 

LV PO 

12 

Sul ladia/mu 

50 mp/kg iC> 

PO 

24 

trimethoprim 1 

15 mg/kg 

PO IV 

&-12 


15 mgAg rlJj 

PO 

K—12 ftif 14 day* 


10-60 rng/tg 

TO. SC 

U 

.Still »diinct|ic>Kjiic 

25-50 mg/kg 

PO, IM r IV 

12-24 


:LtMJ mg/kg 

IS). IM. IV 



55 mpAg {loading} 


Pulluwed by 


27.5 i i -i: 

PO 

24 

S«J iLkJmirthuX me/ 

27 [■.■,■:>:: i D) 

PO 

24 for 14 days 

fMi unwim 

1>jj 1; 55 mg/kg. ihcn 27,5 

PO 

Once daily far a mu. of 21 

SplIugSMUiidine 

Tog/kg {D) 


day? 


H 00-200 mg fkg 

PO 

f for 5 days 

Kulf uimera* im* 

50 mglVg 

PO 

12 

-Sui Imi Kifu/w 

LOO mg/kg <kudjQg| 

PO 


Su5' .1-l‘M-i h-t 

LOO nip/kg {kodingl 

P<> 



50 

PO 

12 

Sul 1 UTThMlV'iUZDk/ 

(5 TEg/liJJ 

PO 

II 

inmelhufinni 




SuHAvaJiuinc 

If* 30 ii/kg iDi oini* 3 g) 

PO 

$-12 


10 JTtg/kg (D) 

PO 

& until rennulun, iSen taper 


25i) mg IO 

PO 

K ftir 3, diem 24 hr 


20“ 2 5 Ftip/kj* (C) 

PO 

11-24 


15 > 

PO 

62 

Sulfjsmmtok^ 

50 iUg/kg 

PO 


S u J fob r mi f4i i tule i a 

3 mg/kg 

(V 

Collect serum 30 mm after BSP 

MldtUJll 



mjevuun 

Suf*< »fcn l ( i 


Apply lopKilly 

S-12 

<Tpi[h-i|lrnii; MklirtHwi 




TjjIhj fc Jen 

i-2 mg/kg (Dl 

PO 

12 

TuifiiMr 

500 mg ID) 

PO 

J2 


250-5ik'J mg (CI 

PO 

12 


25(1 mg 1(1 

PO 

12-24 

1 c Itc^HiJs'il ft 

'-12 rnn^Lg iDl 

[V, IM 

24 

Tc 1^1 

66 mgftp it i 

IM 



11-15 mgAp fQ 

iM 


Temaril-P 

0,7-1 l i l- V l (i.i 1 

PO 

12 24 

1 SianNpj/lfi# plus 

trunepr^ine \ 



rraJin m tksinc > 




Tertimafine 

J-io mg/fcg 

R) 

24 

TcrhutJifu: 

Pol ■ i .•■.. 

sc. sy 

4 


2.5- 5 6 rag (Iri 

PO SC 

S 


I J5-2JO mg (Cl 

PO 

H 

Tfricr kJiik" 

2 5-5 0 -fIJ 

R ) 

12 


M 
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Table 1 Ha commented Dos® and Regimen* Continued 


Dmg 

Dwr 

HMit 

FnQMneyi 

Tf'UoNl crone cypknulc 

200 mm 1 D 1 

IM 

MonUiK 


+.2 mjA* 

IM 

2- 4 Jays 

Tc si <• r ■niftc cn uitin it 

1-2 man. WnipiDi 

IM 

fitcry 2—1 uk 

fcMpvicmnc 

1 2 mj( k g mail M) mg.May 

Pi J 

Once daily 

1 'I'trtf-; 1 l ■ "if ' 

Tc^UHimiiv 

1-2 tir.jc/kn iDs 

ScIM 

2-5 for 1 % k 

("*£ ■ | I.U; 

1 2. 5 inj 1 with tsilmgen )l' | 

: M 



S-III II : <C> 

IM 


Tetanus 1 i ■„: 

0J ml, dose) 

SC 

Wild'll jut iirtJipfiyliivi^ fur 56 




min 


Fhen give *n_«)n-1 nfUW Tf 

mo 50 ty t'Aft - 20.I1KI 

im rv 



UmD) 



TfUKidini MCI 

■ 

10-25 mgfkjt (Q 

PO 

8-12 


Mu 20 imp/kg ip 4 mlAjr 

lnlu« into picqrsl \]W« 



saline (D) 

22 nig/kg <D) 

h> 

8-12 


lO-SO mt'lg (D) 

PO 

8 foe 28 toy* 


5-10 rtf 50 tng fl)l 

PO 

24 


10 mg/kg. (D] 

PO 

1 fur 21 days. 


20-22 mjfkg (1>> 

PO 

8 fnt 14 21 days 


15 mg/kg (C * 

PO 

8 foe 21 day* 


21 Hl£% 

PO 

X 


15 fflg/tS (Dj 

PO 

8 


10-25 ' 11:'r 

May ■«*- capt-nle* «r jhjtwou* 

IV. IM 

8-12 


soluikm 



fcU amine 

10-15 mg/Lg (D) 

PO 

12 

Iftriunimlc 

2 mg/kg H O 

Si' 

he 2-4 l ■■ .w. i r 

[Tit Omen cb - j li!< 

23-43 kg; 250 mg m 

PO 

Fvtiy 12 fet 1 day. repeat iri 


>4 fl kg: 500 nif ■ D) 

PO 

2-1 wli 


(max HQiftgfkg) 


Rjtprai tii 2-3 wk 

nicifhyliuii 

5-11 mg/lg iD) 

PO. IM. IV 



4 8ii|Ag (C> 

PO. IM 

«-l2 

Hieojihyllme, 

Then Dui Jl! mgfkf CD) 

PO 

12 

■■• .i ’L.jii .... 1 

20 r»lj.rkg (Ci 

Pit 

24. Hi njgfcft 


Cynxtip: 30 mgftg (T): 

PO 

2 


TaWrt* and <5yw*f 25 mg/ 

PO 

24. ill 1 MU 


U (Q 

( Ti.i.-.f. I SA 4? mgAg tl>l 

PC J 

12 

TtiiitvaiuHE 

10-20 mg/kg 1 D 1 

PO 

12 k ir 6 a 


70 rcigAg f|>i 

PO 

5 2 i if 2 iia ■ - tiic-n 


55 mjcAg 

PO 

12 for 20 dj>i 


50 'll■’■'■ : t D| 

PO 

Om* (linK fw i i iys, t \>- -i in 




1 munch 


1 25 mg/kg (Ci 


Pstry 24 for 3 tbys 

Thuictuti - affledi 

23 ing/Vt 

JV 

12 for 2 ilayn, cnlirc daw s6nu 4 




he given m ¥» hnr 

Thurault 

1-2 mg 

IM 



IW- 250 mg 

SC 

12 iinhl rcgmuon of symp^tims 


5-50 me D i 

IM SC’. IV 



1 [10-250 mg/kg 1C i 

SC 

12 until nrgrpssjno of \ n.|". .-i. 


10-20 mgAg (Q 

IM SC 

ft-12 until Mgn\ ifc.ae. Itien 


i 0 :u:_:". | tO 

PO 

24 for 2 1 days 

Thumylal sodium 

4 Sr- solution: 31- 10 mg/kg tip 
to 20 ..: 'L i '.D 

2*4 solution iC): vante « dbg 

8.1-13.3 mg/kg 

4.4-6 6 nig/kg 

JV 

In incremental doses 

Ilik'diylperMinc 

0.2-0 3 mg/ki (D) 

sc 

8-12 

] *ii"" tuniK 

40 rti^m- 1. 1>| 

PO 

.'4 for 4-5. tben every c foy* 


25 mg/nv iC i 

io 

*4 fnr 1-'. thtn every dav% 

■# — *m 

Hhvtvpeti'ai v >■: i : -ilr 

10-25 mgAj; 1D i 

IV 

Tr effect, clepepiffin^ m dnmwoo 


15 4 me/km 

IV 

nf . i • 'li. • .• 

Alw iranquihtjiiuai 


11 mg/kg 

IV 

After >;. ■■ 'k pre medic at ion 


Tahir i ^irfncW im fWfuH mjg pape 
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Tall* 1. Re comm ended Dos* arid Rcspntrf Continued 


Drug 

OfHt 


FfAtfutAcyS 

1 ' i ; •. .i 

U-2-U5 ing/nr ll)l 

[ftU M. KVfiafV IV 


ThiondiurifW 

l.l mg'Tg D) 

pd 


Thsmid 

^ 4H 

IV-(i mg/kg/day 

FO 


'niyifUKTpfiifi t’SH) 

5 R ■ i (Dl 

TV 

ColUx-t tartUne «ip4c and 




posl 1SH sample a; 6 hr 


i iLlftyft’i 

m 

Collect basehne sample and 




pnsi-TSH wnf4c al H-12 hr 


12 IU 

St 

24 for 5 day* 

l -TbyriuiirK * T,. 

22 p-g/kg (l>i nr i>. c mg/m- 

po 

12 

kvothyro^icif) 

20-30 i ■■ t : i' ;ia 

i 

24 or i: divided (tidy 


22n&ki riOl 

PO 

12-24 

Thcsmllm 

13-25 nig/kg 

CM IV 

A-5 


55-110 mgflkg 

IM IV 

4-3 

[Vifti 1 1 i (W; ivyUarMiC 

As i .■ 



1 ■ i l. II ii , i ejJilltl 

13.2 filjj i_- i L>j- 

1M 

Ho m( exceed 26.4 mgAg mith 


9-? 11 .V mptf fO 

IM 

irftc* dtncv 


eng-k r • h.i 

IM 



10.6-1? 5 mg/Lg iCi 

IM 

Do w* crceed 72 mg/kg wtth 




rvis doses 


VI3 mjL,'l;£ (D> 

EM 

Fnr ^urgene 1 longer Hi an 




30-60 ms a 


143- lift i ■id 

IM 


rimda^rt+c 

44 mpt/kf (D j 

Pf> 

24 fuT 3 diiy* 


15 tng/kj( (Q 

m 

24 


15 25 mg/k; m? 

po 

12 

1 Vlrpl H Ift 

15-20 mg/kg 

PO 

12 

T^hfi[)iy:in 

4-4 mg/fef (D) 

SC IM, IV 

12-24 

'Uu.-uiUKk 

1"f-20 Fflg/kf Hj 

PO 

a 


50 mg/Vlf i *nuLI Ol 

PO 

3 

l ■ ./ ■: ■ .■ 

i5-iu> rtigig an 

PO 

1 1 2 4 


2 mg/kg (Q 

rv 


1 d!Faninl 

5-in mg/kg tDi 

M PO 

24 for 3- 41 liy* 


5-20 ! .• • (DJ 

PO 

24 

Tiilu^ih 

267 mg/kg 

PO 

Kqmi in 2^4 -x\ 

Tretinoin 


IViph .1 1 

24 

I'umcirviUine 

ii.25-2.iJ mg <D) 

PO 

24 


0.25-0.50 rag iC) 

PO 

24 for 7 Jays. 


1U 1-0.22 mg/kg 

PO* IM. SC' 

24 —IS 


. -4 mg (Cl 

PO 

364ft 


IM.II mg/kg It > 

PO 

24 

TriainLimikHM: 

§.1-0.2 ihjt/kg 

IM. %C 

24 

■cHooide 

InirjlcsKK^I l2-l S mg or 1 


Hvcry 2 wk 


mg !ut frtjy Ii n ku i af 

tumor 



TnaiTKirn>kinc 

4- £ mg tt)i 

Subtonjuncti val Jy 


. M ' i ' • 'Ii' 

4 mg tCi 

Stll-* .■ l (islfC ;i f 4l|v 


Truutitrrche 

1-2 mg/kg (III 

PO 

12 

Triennnc 

10-15 mg/kg 

PO 

12 

hvdnthlori k 

■ 




Tf k’lhy SctKl-h :■ 

30 

lniravtskti Lariy 

Every 3-4 vrk 

Tneibylpcr^iDf 

OJ VO 2 wig/kg 

IM 

fh\2 

Triflunpera /me 

Dj03 '"■ f\ :■ 

IN 

n 

1 ■ i: 11 1 :1 - - ! - 11 ^ 

0 1-0,] mg/kg 

IM. PO 

VI 2 

Tri Ilu iidinc ■ ;■ 1 1 1 h ■ Im if 

0 ! H 4 vnluiiFHt 1-2 drops 

Apply legally 

VH trines daily 

Miluliim 


Apply it Ily- 


Tri lodrthynomine- ii ) 

4-6 |i g A ; m 

PO 

K 


4.4 tAg/kg iC) 

PO 

1M2 


-"20 kg 15 mg i [>( 

PO 

12 far 4 days* then. twJimx d«tc 




hy fllbC 


20 V g 15 mg i Hi 

PO 

11 for 4 dij's then reduce dom: 




bv 5irt " 

1 mi-. !■■■■■ I-. 

1.0 2 0 D 

PO 

12 


11-44 mfkg (Hi 

FO 

a 

Tri metln cviu^uniiJr 

3 mg/kg tDi 

CM 

342 

Tnmeih^nnV 

13 mpAg 

PO St 

12 

MJ t',..l. .1. IOC 

15 1 .-■f.L- 

PO. |V 

V12 


15 mg/kp rlH 

PO 

t-12 for 14 1-i yv 

1 . i inelrii.vulr 

10 mglLjr iDi 

{V 

24. 6* 21 Uayi 


|liKurond(c 
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7 6$ * Appendices 


Tabl* 1. R*a mmrrsitri ri id Dom and Continued 


Dng 

Dofrft 

fast** 

FiV^uastlf 

Vii...i tin D calcim il 

0L« V_o v 

m 


I - 25-dihydjr>*v- 

' lLlP i.il ]>j) 

1M 125 1 g/day 

PO 


V i. .n 1 1 F. 

70 II .kg iDl 

[VI 

11 ■ ■ ■ H. ■ 1" T1 ' 1 1 


IHlMOOJI <[» 

TO 

2-1 far 4 wL Itif rtttlalfcM ptpl 


wma iv o:i 

PO 1 . 

12 


10-20 iUAfi rt_-> 

PO 

12 


40U-&00 It 

PO 

[2 24 


mg/dajr <l>i 

TO 



loo tn^cias n 

PO 


Vitamin K. 

1-1 1 ■ : k :■ 

S. '. PO 

12, rethcv-'k or. .gulinUm at .' 

(.tiylonadmne ) 

5 mcAj i C j 

IM 

day 1 , end 3 wk tor 

t2-24 


2.5 ti ,_ ke - i. -.1 D) 

SC (several sinisi 

: ■ ...i. ni 


0.25-2 A -ryi • 

PO 

Divided H-J 2 


5 mgjVt Ijrtv D) 

SC (several srttsi 

' ■ •* ^ m •* .0i 

U-ihl, ihen 


5 mg/Vg 

PO 

Divided +-J.2 hr 


2 -.7 rag/tg i •.: .i 1 D| 

SC 

12, ii i.L cmgululuin i i. : Tnr 




.1 •• l>cpiiL>parh> 


5 mg/kja {large Up 

sc 

12» umij coagulminn normal 


IS- 25 nig ImthII rv 

IV 

24 for 1 dav^ 

w 


15-25 mg Oarge C. 

JV 

24 fur M uk nil 1 o< mitftdrttofl 




m>muL cfieiA 1 2 day* ifmi 

Et^rd^v . i-. . ■!■ :n i L - i 

Warfarin 

\ mg/kg/dav 

sc. ro¬ 

5-7 days far ihort- .,k* li ng 




rodertedg 


3-5 mg/kg/dt) 

se. PO 

4—ft 4k lor loog-arfinf 




mJermcides 


fl. -0 2 iiig/kf (Di 

PO 

24 


o<*v.! in mg/kg tCi 

PO 

24 UMiatAm pnHhmmNfi time 




2.0-2-5 limes i- ■ 

Xybzine 

l.l tngAg D) 

IV 



1.1 2 2 mg/kg 

IM, SC 



1 l !1- > h * (|>| 

IM 



0.44 mg/Lg (C) 

IM 


VrihLmhinc Mi I 

my 00 |ig/kn (D> 

SC 

1M2 


f> (1 mg/kg i D4 

IV 



0.25 ^-5 mg/kg 

M'. 1M 

12 


0.5 mgAf it - ) 

IV 


ZdTriukaA 

0.15-0 2 mg/kg 

TO 

24 

/kkwiklirt 

5-20 | 

SC, PO 

K-]\2 

Znw i'. 

5-10 mg/kg fD) 

TO 

12 


1 00 nif (D) 

TO 

1 2 far 2 month*. Oien 


50 me ID) 

PO 

12 

/.IM 'l:.-| 1.: 1 .1 II 

3, .7 mgA f H 

TO 

24 

7.inc m lr t ■ 

10 ■ I; "'- ! iDl 

TO 

24 


5- lo fiiivV h 1 >► 

PO 

12 


"hfrdatifd h*ym BrjcHhp D, Snd] AvumjF F orvwUrv. rii. -\mrniV tniciul fihNfnli[ Pmn ljfcp*wl. ( f). 21W; Flumh IK'! Perth's VrfcniuTfc Dni| tlfyruJfa**., 

it k>wa Stator L'msrriHy Prey., fcVW_ Etaafura ID iH Ik Kiri's (iifirtt Therm* Xlfl. Pfti|a»i4rl|sHuB. WB Snui^kix, jmi PJfuiguf S, h^Uirun 1ii-d.ii. llc.ulwti inf 

\hmnjn Inrcmal MtJkim, 4/E, PtiilMlfijpfam, WB Sjwdvn. 1W 


ft* * A»f. € m OL AkHHE of i knn tAdkHe* chm l*r *ini|« n rvttanrodn) f-n tamh At cfci* muJ tlw tat 


| PC I = ini; U Ml = lElR4fPU^ illar IIP =■ ^tTafvtikiii^iL, M = j£n, uUtfm 3BJ %. II ” itiLhsM-ac Infill. IV ■ ihUirtciKUM SI! 1 ■ SBuKlll. m- > «■ K) ■ ]hU*LTUvnJus 


INijmNcrv nefw lohrar^ rthmiw* inriicatrvl 


- ric^ui 4i| llSDi = (icimjA thi$ Lh^. 

Vanahk ifcpjcs rrlfcii lii+lmnf nvi^ md irelur-Musns 
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Table 2 Constant Intravenous Infiisior Rates Continued 


Pwi _ 

N< tfeptncphrinr 
hiurtraif 

<J* yli*: iii 

S'i. ■!-■ ' 

IwiiMf 

i'iffSt 'I i I iL :l 
vadium 
t'\ .. i- 1 .1 .i... 

Pttcny Iqihnne 

Pi j.- u.i. dlluidc 


phunplljtr 

PtuLirn amide 

Sodium 

hKarhnniUC 

ViLmiiR H 

■ II ■. :■ ■- 


Laaditig Qdu 


0 l>4—0 I i i_'lg 

* -15 : i: | to 

tfffccl) 


(v * ii.-. nver 5 
min 


Main^nihcs Dp$a 


0.05-0.2 cig/kgfmin 

5-10 L 1 uVtf !K) ittin 

rj*»g) 

2-5 IJ aver JO i un lealj 

006-0.1 rtifA.fi/ftjT 
11.2 : m^/kg/hr 


1- i n: ;rtg/imn 

In IV Climb: 2$~m mEi|/ 

U tiiH to t Kteeti n. 5 

(MH -0.01 for 

6 hr 

2V51I ( i.gA: i, . 

50* of . ji.L ..I ikJ mc 
(hnwl on dettcit> IV 
ovet 4—ift- t»r 

2— * nUL m 

inibnictuncc fluid rake 


DIIuhN 

IkMmsc : 

5* DcJiiEtihe or 0 N 4 0 

5®i Dtmjw w G.O'S NaCI 
5* Uejttsv* of Q}t% NjH : 

.V* Ikitiw oi ft?'* NaCI 

ad> iv noLJ 

NaO 

H!WS N*n 

S c * Deibw or D.<M NaO : 


SuUiif* hit Tjhde* I iSfiml 2 aK dhe AjftHL 

IV ^ inu^itnouh- 

1. AibrnnhErab^ of jo IV drug i* inhemnlj jb^&:bi*d aicJi jpt±M nil cif offt(v Setumr familiar *idi d»e cowibRdk MkAU and riJu of <lmg adnufti^uatun In 

ffflcfil dakiLcd nolulMuih thuuld br uicd uriUhiJi 2-i houfi. lb tidkiilju (hr mat- ol HjjkI hliHMKfdhm to a palinl. 

Vk Dd 4 mfu*<d irnpltp/lvr Dns^ dur - finf/ltf* X ihm X hodry wfjcphr Jbfk X qw of mfu-taor 

b C*UuLilr luul iikmurH uf iind> iu hr jdnbimrfnrKl during the Ijifw itifmkih. Fluid Aw fluids ■ Aw iinlAgi KnJ} *cif;hl > Uftw of 

ilAnkifi, 

c ^ikl the cdEielatd anminl of druj un the iriL^uJjlod u mourn of fluid To iv .i ctflvfflml vulumc Iff., Mill ml/fiiMlTuullipk the -r.il Liila led Aw 

prnpotiKifuifeeU. 3>Ug eJkwt Aw l nit I = VMA* oil, j- p, vshti'P A ■* the i%\& hi he cakblpKil wd if Js tht wit io he ^Idrd to MAI ml. if fluid, 

ct Tlv pirp^rpij wdutMuii ahnuSd hr idnuinjAUrrnl a4 ■!» nrir decided in P 

2. i\Acnrij| dpup iNliijr* ^luiukl prcrkidc mump dii^ drup »iih tAbcf dmp^. 

.1. Dw feu drug; Uieul 1 |kJihaLtfLr-v ik? fled. tatn£lLfc- 'AiCh HidLnlfE bit.^dX'lnite. 

*. tefflol tf M.ilun-irt dmadv. 

■ 

5, IVu^ *ill bind » -v cnyfl plartk: of IV Lirtr* flitulu fturi ti» wnh Appn>\ifVMdy Mi nit of prepared 4 itJ.ujUo«i and uw- «Jxnt tniuum lso&. 

i* frvHircl ^icinn I rod lighd 
7. SILplH pin!; klivolnriEioci hi rsiptcvd 

fc. Eifei/Ji^ ouNjoiii nuy uw nevrunsi and ikmfhiag TrHt CAlrAv#^a4rd arm wilh 5-1 fl uphenM-JArainc prqporcd m 10-1J ml. frW Kat’l. 

y. I sr kc»TT cJom' in call. AjJ||u»I iW huwfil lmi JLtiiitrJ pmluJ LbimriupLulin Civrw ll 3-fciitJ tu 2.5-fdJ i:Aurrjsrl- Lmfert^ Jl« cam hr Afekunihiertd IV Ctf, ftif 

AhACD)MiidCd ifxnv*u.Ui|j/ CLUkgvJfiipiiihy.. w J|ipropfU(f hlond r^jicrtnerri pnuJgtT a XNini untubMinn 
PI l «■ dm g feith -riirmic iLHitinfi. Uu tith mfu^KAi pump only, dtaiti due u»i>jnhk lu^icu) may octut. 
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Abbreviafkjn*. fix prescriptions. 709t 

ANJcimin(tl inln.invi, 203-205 

ABPP i hropirimj net. 3*4 
Abseessev, canting. 12*1 

Absorption. drug* 6-7, 6. 7 

anti mK-mbi.nl efficacy Olid. 142 

change* ijj. in cardiac disease. 2* 

drug mtcraciicms involving. 22. 221 

foodA clients cm, 19, 111 

in pcdiatnc animal. 30-32. Ill 

in plasma cuntenu Lilitin vs. time curve, 4. 

S 


percuisuK^ms, 655-65* 

specie* Mid breed difference* in. 33 

m small i me shut. 496 

Abruption bait' life, 7 

Abimplidn rale coa stunt. 5. 7 
Acarbose, 644, 733.1 

Accumulation. drug, N, 13- I*. 151,4 35 
dosing regimen e Ur.iputulkin and. 37-3H 
Accumulation ratio. 63. Art 

Auemaiiriaji, 3J4i 3*3. 73,3| 


AceprtniiaJinc, adverse effect* of, 4*1 
j> preinesdietic medicabun, 423-42* 
dn***e fix. 413t. 454r. 7331 
for feline Urakigk ^yihlrnmc. 549 
Acetaminophen. 295-29* 
tudeioe with. JusacC Iur, 413t r 733| 

douge frx. 2*4t. 73 3t 

hcuwtLilofcn.' disorders due to. 5b. V*. 

hqulokuiuty of* 36. 46, 47. 295 


a^orbtc acid lor, 295, 4K4* 
into * kali cm with, 7I9 i 



.AcrUjotjumdc, 5l9t. *22 


dosage fix, 5211. 7331 
site of action of. 5/6 
slruclure of, 318 

Acetic acid, for Matasrrzm infection, 233 
fix (llltis c* tern*, 197 
fix otitis media. 17B 


Acetohydruxarnic acid. 733i 
Acetylation, in drug metabolism, 10 
species djllcfmcn in, 36 
Acetylcholine, 45*, 473 

in control of sarw±y cslibet. *07, ntx-i 

in g&dnc acid secretion. 4«9, 489 
in heart rate regulation. 5*7 
in vomiting refle*. 4B3, 45* 

Acetylcysteine. 733t 

a* mucolytic agent. *13 

with ant imictohu! therapy, 1*2-1 *3. 1*4 
lot iceiamiiihfilTcn luvicity, 46. 47. 295 
Uw wine liver failure. 5tPJ 
Avery lul icy lie acid. Sec Anpifin 

tn-idj, 

AvhkxtiydrM. due to gastric miiMCtftory 

drug*. 4X9-490 

Acid. Litriue dextrose. lux scored blood 
preservation, 100 


Acid ingestion, 7l9t 

Acid-bxvc status, 75-94. Sec also Mrtuifotu 
eeidom: Mfwboftr aikuto-iK 
JiMio.se-induced changes tn. 8I-H2. Sit 
treatment of, 87-8* 

evaluation uf, R2 

maintenance of, 77-78 

Avidihcatiufl ol urine, ads erst effects of, 54* 
ammonium chloride for. 5211. 5216 
drugs for, 526 

fix feline UniksgK syndrome, 548 
Ac hJosis ] i icEahoi k Acs- 5/* ti p*4 k nrnti ■ •<: * 
respiratory, Bit 82 

pjlhophj-smldgy of, 78 
treatment of, *K 
Acral lick derma lifts, 4*9, 673 
AcrouscgaJ \. 650 

Am lie head*, antibiotic -impreciuled. fix 
osteomyelitis, 1*0 
ACTH. See Conn vttopm tACTHt 
AeUfHHiiycin 13 (rbcbiKsiiyctDl. .Ml, 7.33t, 
740i 

Actinomycosis. 209-210. 621 
Action potential of cardiac muscle. 555-55*. 
556 

Activated charcoal. 499 
dosage for, 4*4|, 7331, 738i 
preparation* Of. 7(8t 

Active tran^mift, drug tiKiserncnE by, * 

in biliary c iteration* II 

in leilal tubule*. 10, 11 
Acyclovir, 239. 24 1 , 73 3l 
frx ocular herpetic infcclxin, 247 
ADCC uxttihody dependent cell-mediated 
cyiotoKjcilyj, .151 

S AtknmylmethinimK iSAMO, frx liver 
disease. 502 
for tittcuartbritis. 301 

Adenylate cyclase, in mvixardul eontrachlity 

regulaljun. 554. 355 

Adeifuan ipolyvulfaled glytMtjminc^ljcanvp 

tkitage for. 2B4i 

frx osteoaithhti*. 297-299 
fix vcptic artbncis. 1*1 
for urinary tract infection. 189 
Adhe^inv, hiiclerul. m jjj4riniHe'-tinaJ 

in urinary trail infection, 185 
AthTumstraticxi. muEe of See frnirfe of 
admitUiiroui.nr; specific routes. 

Adicful diMirder*. 6444SJ9 See aha Nyptr- 

aJrtnm onk i%m JApuJxniJipirtli iwj. 

o- Adrenergic apanisK See also ipenfic drug* 

ms JcnxjtsUnU, * 14 

for hypotonic urethra, 545 
fix hypovolemic dtack, proMcnt* wiih. 8^ 
■a -selective, a* ptesuiesthetic medEcaeion*. 
42^427 
for diarrhea. 498 
for pain, 418-419 

ES-AdrtoergiC agnmvl^ See jImi speolW (Img* 


p-Adrenergic agonivts (Cimliniifd} 

o> bronchodj lator*. 603. 6(M. 606-607, 6(>8t 

as intXrtipcv. 578-579 
dijgoun j ntci jLiioii x ilh_ 575 

for dilated carduxn)apathy. 5*3 

u-Adrt itcrgh. brockets See aho specific dnig*. 

for hy pem mu’ uieihra, 54* 

P-Adrenergic hloclcrs. See ahu sjxiitic duugs. 

a* antiorrhythmuc*. 571 -572 

for aerial Abnlblkxi. 587 
frx behavioral ni^idiricalian. 4** 
for diluted cardiomyopathy, 5*3 
ntntmtidty of. 52 

Adrenergic rtcepna in cardkivascular system, 

554. 555 


tn (jiijihc motility, 494 
Adfermeixlici^mphtc hxmcxie See 

CofiUotnypin (ACTHt- 

Advcxhents. av vehicle* fix mpuc*! diugv. *57 
gaartuimeitiiinL 499. See oho vpecihc diujiv. 

Adrcrac drug tcbcHhxi*. 41-58 

cytotoxic. 4 L 42 
defined. 41 

teducing incudcm.e of, 57 
repixting of, 57-58, *99^701. 700-7^7/ 
iype A. 3. 41 + 42 
orgams mo*t vusceptihlc lo. 42 
type B. 3. 41, 43-44. Sec also Hnperunsitw- 

tty. 

organ* m»si mvccpnhlc to. 42 

Adunudwiiyfu infectforu *19 
Aerosol spray v See Spruyi. 

AettnoltUttOA, drug adfftifltftHtfon by. *13. 
6I4-6IJ. 6l5r 


Agar plate mclbixl. fur culture and 
vuweptibility icMing. 130. 130 
Age See abo iifnatru- unrm.ih; 


Ptdiolrn animah. 

drug disposition differences due to, 29-34 
icvjxmse Iju pain and. 407 
Aegiewnwi, anneixt mi hants for, 467, 4*o 
bomdturptiKs for. proWenis ^ Ltb. 467, 

4*9 


d^llHlUcnie-rcrljlcd. 4*9 
hi cats. 471 —172 


phnuduiu.ii)* for* problems uitti. 461 

inward new dog, 4*9 

Agr*nckvyu>si>. due lo meUtima/ole, 63i> 
Apiculture Department t V ,S y, reporting 

universe Nnlogic pniduei rcKlxxi* m, *99 
Airway srnonth muscle, control of mne of, 
602-601. 603 


bepann s cffeclv im pmUferaticm «f. 11.9 
Akathisia, due lo phenodua/jne*, 460 


Akmc-Via. de ruled, 407 

Albendazole. 270-271. 733t 

for giaidiovt*. 264^2*3. 507 
fix paraviik lung 619 

for piuUiluul iufectHms, 25*1 
Albumin See also ftypmilimmmrmw 


calculating deficit irf, fix plasma inlusiu<n. 



^ . 771 * . 

CoDvriontea materia 
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Al humin tCmtimedif 
hnrmunal drag effect* i M ving, 5^ 
m waSM distribution. 76 
wm m, m l ■: .irint animal. M> 

in | il-.Ij.iU it irnnui, 32 

wnh diuretic ihcrafn, i pirns tk wndvome, 
S?3 

Alton uL mp, bfflit. 733* 

AleMqnlv fvtic ito upecdk .! . r.t■ 

an germicides, 25L .'W 

to surgical inti'£|hiv 256 

AlJiKU/idt. 73 31 

Aldehyde compounds, «i ^crniisKks, 25 S, 152 

AjdoftKl S;ir , 11- ;>.i I ■ i: , dTcCU (ML, 120 

in repiLnsii--; i?j renal clcen >hic inirspnn, 

?b. 77, SIC J/7 
rucchaniHin at action «(. 3 15 

stmt lure (il JJd 

Mu- V --t .i. i-M .r. 5/7 5I9t 523-524 

MiimbriiHt-itHliktil 523 

AIIjuIlw i \l> ii'-'iin h 453 

Algimc acid, to gixtrottuphagcal reflux. 504 

Alkali i _ n •!:. •i'-" 

AlLdinlrMloh ot uhnc, jicti/oljinulc fur. 522 

-li i i i'-i >n« ii-i- li-M - , 52IL 526 
A.itiiini/aliiin therapy. foi chrome renal 
failure, 5.Ut, 5M 
AIMi vi uttuviesrnm 7l9l 

I ».,■ ■ :^l*, metabolic, SLl_ H2 

due to furruemidc, 524 
:ulh ;'Rj‘i i!':i ot, 7H 
tmlmcnt of. si 

res-pii 11 iry, IK H2 

I. 1 :. pii -vwlogy uf, 7* 
treatment ot', KN 

Alky ituing agems. 336-3.38. Sec j]jo Ami 

rwarcr Jnrjjfi, r Af/m wh* u;w: * pec i tic 
dnafs*. 

Allergy. Set ih- 

Altapurifu«L i'.i ..i:. to, ?2li. 733t 
lor 4k set. 59flt 

fo- urale .ii 11 ■:11 .i -, 52 Lu 

Ally I ami nc antifiMigak, 231 Sec aba 

Yrrttirbiftn, 

A Luc WtU cream. T3H 
Alopecia, dru#-induced. 53 

due tft amiiffiin drugs 736 

psyvhugcnk, in cuis. 472, 672 

Alpha igonktc See it-Adrenergic agrmUtv 
Alpha blocker* -See a to specific dntgs, 
lor h> pc nook: ircdira 547 
Alpha Ken, 73 Jl 

Alpli iijihihiTue>, foe di iNiics 

i: i • 644 

A^TiAjIjIii, 45VI 467, 7,34* 
far cm^-t pftouws, 470 
Atlc nutria Jh'ffltifu, drug iuttccpulHliliu of. 

23J< 

Alternative health a genie, ad\ ,.t*c rtamiHh to. 

42 

Aluminum caibunr^, 5.14a 5.36. 73At 
Aluminum hydro*idr. a? antacid, 4V, 

■.> phnifihanu binder. 5 *6 
dosage for. 4fiJt. 5341. 713i 
Aluminum magnesium hydroxide, 7,33i 

■Mi . i: n In i 245 

Arttcbuuv 508 
Amikacin. 154, I6H 
a«ii - i therapy with, 63 5* 

I I .I i I penetration by, IK2t 
doutpc for. | 54t, L77l. 7,Alt 

to -."n ■ -m lyCtto* lid i- i- . 209 

to pyothi agut, IH4 

for miyicjl pmptiy biir. 219 

liri . i. ri i: - |r<K;l - V .■! i .HI ■ | S7l 

in pediame animal. 33 


Araji L aC in ((. nj'n. 

niMmum inhibiiory enneemratk"^ f«r 

Mikt'Utl urgimiiim Eut 112i 

relative cffieicy of, iJJ 
cirvctuni cf r 159 

nucccptibdiiy ttafl minpretuiiion fw, S >44! 

llenpcuiK moniKMVtg dies iw, 6Jt 

AruiJocide. 5 m, 523 

dosage fur, 52 11 

Ammo acids., oicnturl and noncs^cnluil, 7134 

|urrmeni Mtlutidti id, lliendiiab *nb Kk 

> Ammnbuiyric Kid iGABAi. 457-4,5* 
Amnncipfic kvI. IIS, 734t 

Atniapilyanudn, 3 51 » iH I5S-152. See abo 

specific drugs. 

adverve efredv rf. J2 t 160-162. 16t 
plasm* drag conccrriraflion* and. 14 
hnwchuil ptnrtralion by t82 
cmtral ntni . cyclem tocicily of 51 Sit 

drug ullciw lien. With. AeilnMIuwulir Mock- 

CTS. 476f 

pciHLilhn*. 19, 146 

efficacy of, hunt faclon affect in 140 
m aiucmhfec enrirnonttnt. 215 
for pcfikMUli*. 204 

foe pyoderma. I p *4 195 

f(M urinary trai l infcclioAv ]S7|, I ftft 

in pwiiiirk; animul, 33 

■nictliyl e fluid therapy wiih, ease study <\ 

70 

intdiantioii t:*f aetkn :j|, J58. 159 
ncphrobujcxjy of. 4Z 4X, 160-162 mt 
lurusCRibde and, 524, 529 
otmouciiy of, 51-52, 162 
parnricnl vltdiont of, interactions with. 2ln 

pijsMie diffusion of. S-6 

pEurmacol indies of, 160 

poNUntibkAit effect of. 66. 137, flH 

w, I Ml 

safely of. for ikvriopnig fetus, 190 
spectrum nf activity nf. 152l. 158- 160 

turtle In It: 0#, I ML, iS 9 

therapeutic mrculrcing <4 artifacts in 72k 
Atninupcnlatniiie. 4$ 7, 7341 
A m i n opb y 11 me. tSff7 

advene reactkins m, 6CW 

dosage Ew, 60St. 7.3Jt 

for bronchial di-vea-vr, 617 

parenteral snlvtiont al. mieractians with 21k 
to fKilitaie drug delivery, 615 

AmLnufMtciruLfifke. 549. 7341 

Atnllirwalky lie acid, 29U, 734i 

thyroid effeeb oC 54 1 

21 - Ammotlcroidv, Ifi6-^I7 M)?. 322 
AlBLudHlufK T 562t, 572. 7?4l 
Aiilirn^, 661, 7341 

reninl aervuu* sy-i_.ru- lot icily of, 50. 5Ll 
for demodicosi*. 674 

true ye Li, anAidepresunt i menu l ion wih. 464 

Aiftimpiyfine, 462. 464 
dtrsage foe, 4 . At. 454 l 665t. ?34: 

(nr feline aniigK ‘.yudrnmt 549 
In iiupfHufnMr dimiiutwn in Lain 471 
lor pain. 419 

lur dun [listun, 6651 668 

Amlodipinc. 561. 564 5*5 
dtuiage fur. 5621. 7.34t 
for hypcnenMOfi. 586 

AmmufiKun chkiridc- dosage !ur, SZLt, 734 1 

for urine aetdificarion. 526 

in feline Uruksysc lyndrome. S47 

AmoiKill in. P5H See alci 

Amnxti iilm-i-tttvuimui: m-'UI. 
bronchial penetration by, 1*2. I82i 
do* age for. I54t. 7.U| 
for artaeralpic infections, 315 


Amul 1 1 liB ■ f ’■ ■(■ } i n .! i 

tor ficiti fbvclrr in kvtKJa, 505 

lor kennel cough. 6)7 
foe |i} mhoru, 1.84- 
lor iiH|k u al prophylaxis. 219 
fur uniUry uacl Ijiftxtiunn, I K7| 

mimmimi inhibitory cnnccniraij[Mi& few 
wfeld t ii-i ii- 1 *for. 132i 
phartt.a-, i k l'. 'i ,-,• • «f, 157 
relative efficacy l4, IJJ 

spectrum at activity of. 152: 156 
suaorptibij ky leu ^uerpmmkia ftir. 1341 
AmoxicilLin^lavuiaruc »eid. ISS 

do-sags for. I54r. 7 3=6, 

fur wrtinomycovis and nncvditKts. 2W-2K1 

fur anaerobic mice non sc 215-216 
for pyodrmia, 193, 194 195 
fur pyuthcwnc, 1*4. 621 
minimum inhibitory ccareMniliom fie 

ulctlcd □ffuiiinqs |ar, 132* 

relative efficacy of, IJJ 

spectrum of activity of, 1521, 156 
vLMcepdbtIity (cs mlcrprctatHHi lor, I34t 
Amphetamine. 7 Mt 
in (ox kalian with, 7|9t 
AmfkwHcncm B, 225 -227 

advert effect* Of, 22J- 226, 255 
aer«a| therapy wnh. 615* 

donate foi; 232l, 734l 

dreif iikIctm ticwis with, cyicio'tpdnnc. 35* 

d-Lgovm. 575 

ihiazidc, 523 
fur blaslornyviKti., 233 
for candidiasis. 233 
lor coccidioidooirycpsts, 2 34 

f« iitypnxixcuMs. 234 

to hidcipkfcuwtwji, 255,. 507 
to shock. 591 

mecfiaruam ol action of. 274, 225 
ncpfarohjxicity of. 49. 22S-1 2h, 225 

(uftHUril MjfimuAii of, iMCnciiiri with, 20t 
pharmacokinetics of. 225 , 275 
pnrp-aratMMK of, 225. 226-227 
resistance hx 224-225 

cifjimpjn wiih, 171 

ipetiiiini ol ag^vky irf. 22Jt, 224 
vinvciuic activity roUtiOfishjp rf, 223-274 

114 

(herapeucur uwr of. 226-227 

topical, M>2 
Ampicillin. 156, 157 

bronchial pentriTattUfl by. 182. L*2l 
dosage to, 154l, 177 1 , 73b 
to wwer- line infmm. 215 

lon bcpalic cnttphaKspathy, MJ9 

to py rthom, 184 

to unnir> tract iSfcvUuisv J8?| 

mmiimnn mhihirmr cunccntnUKins fur 

P 

selected (Mgjnisrns for, 132l 
piUttwral volniioivs of, inicraetioat wnh. 20t 
■ k.r lesions ell* to. 52- 53f 
uiwcplibiliTy ivw toerpeeluii m to. I34t 

Aifepu illm-uithaLiuML 7 34t 
Amfwolitt9, 7,1*1 

fur ctxcldiuidoinycoiiUi. 50? 

to cocciditms. 261 

specrnim uf aai vil )r uf, 25* I 
Amnnme. 562t. 577. T ! : -4t 

fur dilated canllcunyapuih^ 3*3 
Amyloidosis, renal. 541 
Amibolii lierittli, to al m» upoulic aj|rnw 
as heflial ink' drugs. ] 1,5-116 

to mwmia uf chronic rnukl luiltitr, 115.. 
540 

dniclurc of. 113. H4 
thvrntd effects of, 5=11 

r ‘ 3 
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Anaerobic infections, 213-217 

aniiTfitCR^vuil select km foe. 214-216 

Ana Ijjesui Sec also Pam specific analgesic 
drugs and dj'i'CN of drugs 
after head trauma, 451 


defined, *07 


AwapP 1 for. AIM 
epidural. AIM. 422 
in pediatric animal. 33-14 

p;ii iL'iii-tiiwitrn! led, 41H 
Analgesic nephropathy. 48. 288 
Anaphylactoid fraction. 44, 352 
to ontiiiucrdtniils. 144 
in dicrtivkartcimjzinc’, 213 

tm ihijLcLuvuiiimfc:. in cals. 59K 


treatment o( 364- 365 
Anaphylaxis, 43-44, 352. 352 
dru^ induced derm ah >li hik manifestations 

of. 53 


due n> amphutencm B. 226 

Pi-1 mraiary mjnifcvlitKKi* rtf- in cat. 5? 
in^Unrill uf r 364—365 

Androgens See ulwv specific agent* 

thyroid effect* (4, 54i 

Artemi*. 107-116 


aplasl 1C. cyclosporine for, 358 

due bo sulf<mom nicy 168 


hrtiHilylk, anabolic steroids 1-.tr, 113 

due to hypiptarwiptiiitcniii, 87 
tin muiie< mediated. *65 
glucucunicuids tor, 326 
in acute renal failure, 532 
ut chronic renal failure. 534|. 539-540 

anwhtdic xlcroids. for, 115. 540 


erythropoietin fur, B 11 —RIZ 

pernicious. ]fl* 

"shotgun" lie malmic preparations (of. UH 

Anc Siberia. See also Anexthfticj; specific 
agenLs. 

after head trauma. 453 
defined* 44J7 


diiMK ialive, 427- 428 


general, defined. 407 
in pediatric animal. 33-34 
pfemedieatKin for. 425-^427 
AJK*UK 4 iCy 425—130. Sec hImi- An«f/v.Ti(/, 
specific agents. 
inhalant, 428-430 
he[wfcuor icily of* 45 

in pedtJifiL animal. 31-32, 34 

neuromuscular Nock err 1 interactions unh. 

47*t 


injectable. 427-128 

neuromuscular blockers' interactions «ilh. 

4761 


\«A\, 419 

in critically ill unitnuk 420—121 

iniDiinlMtn mih. 1224. 723i 
oKmieity of. 52 

■taa/idc imcraci ion with, 522 

AngioodriHa.. drug-induced, 53 

Angwicrvsi nnconsicrling enzyme inhibitory 

565-366. See oImi specific drugs. 

advene effects pf. 566 

for dilaud cardiomyopathy. in cans. 584 

in doge, 5*3 

for h> penertisiutk in chronic renal failure. 

539 

in glomerular disease, 54] 
fne ntial disease. 563-566 
renal dv dune L too due to, 48-49. 528, 566, 
56? 

Anhydrous Nm-*, .... vehicles for lopiLjl druas. 

656 

Aik ire v ia, vine *0 anfaClOCCf drugs. 335, 34il 
m chronic renal failure. 514c, 538 


Antacids, *s aniicmetics. 488 

fen gastfointcstimil ulceration. 492-493 

iron inieraciioa with. 110 
Antagonism. in antimicrobial therapy. 

146-147. 146 
Amu/olLne, 7341 
A tithe Inn macs Sec Henrtworm 

Ht Smitilh infections: specific drug* jJkl 

classes of drugs. 

AttUartilylflrOic drugs, 569-573. Sec also 
specific drugs and classes of drugs, 
class l 569-571 
class II. 571-572 
class III, 572 

■class |V T 572-573 

classification of, 568 

for diluted cardiomyopathy. 582-583 

mechanisms of action of, 5*7. 5*8, 568 

pTuarrhythmic effect of, 568 
Antibiotkv See also AnJrjtik rvNalcn specific 

drugs and classes of drugs 
defined, 125 

Antibodies. antinuclear, in infective 

clicks:unlitis, 303 

iiuintiniahcr.Lpy using. 362 

Inn i uni on of "rowdi factof ihci.ip) bv. 377- 
378, 392, 792 393, 540 

fikmos'lnnul. rtcumhnanL 598 
to insulin. 64 1 -642 


Anti body-dvpeiukivl cell- mediated eylutcu.ietty 

fADCTt, 151 

Anticunccr drugs. .336-347, See also 

Chemotherapy: upeeilie drugs and clav<'v 
of drugs 

as immunosuppressant*. 359 
cell hill Usenet for. 331, 33lr 

c I as si fie at sort (4. 33 I 

SThcrii for response lu, 331-312 
development lif, 333 
dose 4_ alcuLiiii hi for, 333-334, 3 3 It 
dose intensity vs. response lor, 334 
extravasation of. 335-116 

gastowntesoiLal disease dye io, 541- 335 

iliuocankotib with.. 325-126 

hemaitikif k divurdecs diie (o. 5*, 56t. 134- 

335 

body surface aien and. 333-334 

hospital personnel and nwoers' espohure to. 

33* 


Side effects of. 334-336 
skin krvkims due to. 53. 53U 336 


AnliehoimcrgiiJ ugents. Sire *lso spetiln- dru|:-. 

adverse effects of. 545 
as anliemclics, 488 


us bvoochndilafiixs, *n«t 609^6 L€ 


as preanestheiR medicauiTtv^. 425 

as spuincriyiks, 496-497. 497 

for actne diarrhea. 506 


for hypdviLHitractile bladder. 545 
for imtaNe tm»d syndrome. 507-501 

Am Lcholinesie rases. See ulso spec ilit druga. 
foe nruromusculaf block «5e revetsjil, J 79. 

473H 


inEoticaEion with, 72(8 


m-unttiutv,aljr bknketf nitrrauiHii with. 
476( 


Ainktsigultuils, 118-122. Set ah- > lpeciJic 

drugs 

drug id er a cb oii 3 wilh. fimwemide. 524 

ikjo/jde. 522 


hemmoIngrc disorders due ux 56. 5f4 
in collected hlsxsd, 99-.|<8) 


uvcfdosv in recipient due to. Itu 
imios teal kin with, 7211 
Antkonvulsflnts. See also spcctlic drugs 
adirrmcori real effects of. 54| 


AnikuftV uluncs 1 Continued) 

adverse Ptactian fa, 42 

drug mteruclions vsitli, 434 
nrarofiiust utjir Woeien, 4761 
for acule seizure management, 437-438 
for igcrcsMun. 4*7, 46") 

for hcfiavioral modibcabon, 46? 

for chronic seizure conUol, 438-419 
for pain. 419 

hepaJukitii-ify trf, 45-47, 46. 434, 419 
phiintuicokincik s of. 433-436. 415i 

prophylactic, after head irjuma, 451 
rectal administration of, for acute scrnirt 

mnnagrment, 438 

structurt of, 43f 4M 

foerapeulic mmuodng with, 436-437. 477. 
4M 

thyroid iffin of. 541, 55 
Anlidfpr: sano, 462-46*. See speeitic 

chugs iuul classes of drug*, 
cculml nersmis system it^ieiTy t?f, 51. 5|i 
lot destructive behavior. 470 
for skin diseases. 668 
tricyclic. 462^*64 

antklivttctk hormone vecretion and, 52* 

for pain, 419 
intoxication with. ?25t 
nhs*.luiniMn of utctuei of, 458. 462 
monoamine oxidase mhihficr ioaBKtion 


with, 464 

opioid truer actions with, 412 
rtntoiicity of, 52 
potsoning with. 461-464 
structure of, 46(1 4*2 
withdrawal from. 463, 461 
Antidiabetic agents Sec also fmuim: specific 
drugs and classes of drugs. 

oral. 641-644 


AntiJiurclic honntwipe l vasj ^pressin |. 52-5-52*. 
650. Sec also Drfwvwsrfo (DDAVPi 
adpenocoeiKrat effects of. 54t 
dosage for. 751t. 771t 
unnary free water lu« and. 7* 

Arfliemetics. *86 488. 4#7. Sec al?wr specific 

drug^. 

for acute diarrhea. 505 
for acute gasiriih. 504 

for jeute pancreatitis. 5M 

Antifungal agents, 272 234 See also specific 
drugs and classes of drugs, 
fuciisrv kadiii|.' lo failure of. 222 223 
for otitis extern*. 198. |98| 
minimum inhibitory conce iiee atiom for, 223. 
2231 

resistance to. 223 
synergism of. 225. 22* 
therapeutic me of, 131-234, 232t 
Antigen present a t mn. 350. 3fl 
Anligesuig«Lv, 6 HD 

Antihistamines See also specitic drugs, 
scntral nervous system toxicity of,5li 
forilkniti: rhinitia. 614 
for hebavinr*l modi heal um. 46i 

for pruritus. 67 1 -672 

for rrspiniury disease, 611 
for skin diseases, ftfi5r, 666 

11}. See Hislamme -letcpiiK xtila^orUMs. 

inioxkatiofi with. 7j9t 

topical. 661 

Anl i hyperten sive See al^> specirtc drugs 

and ddWs of drugs, 
antipsychotic inveradionv with. 4*1 
Ann indamrmti'ry drugs. 281=107, Sec also 
specific drugs and classes of drugs, 
for respiratory disease, 6 KM 1 II 
for shock. 304 
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Anti rnffammatury drag* tCtMtamsdi 

nonsteroidal Scr Nontttmidal anti-inflam - 
maitin- drugs f.YM/flr j: specific dni* v 
Ancllmkcmic activity. in Mood corajUMM*. 

3*2 

Anti metabolite*. 342 344 See al*u Araik con vr 
drugs. Chemnihrrupy . \pccihc dru^s. 
AmiflUCrofciih] s), I5fl-I?2 See also Anti* 

mu rrlmiJ ihrnjpy; specific Jni^s atltl 

cLu.se* of Jrn^ 

acrylic ht-.nl’, inipregnared widi, for unworn* - 

eliiix i 90 

ji/nHi>l therapy vkh. 61 Si 

•mimmur, 339-342. See ai*o Anrtcam #r 

ifrwg jr; CVmooKerdpY, specific drugs 

bactericidal vs. iu.1eTHH[ilic. 137-139. 

l3Rk 141 

i'las\ihrjlKNi of. I 51k 1$2 
tniefu far selection of, 125t 

defined. 125 

time calcvbEm fur, VJ4 (45-146 
from susceptibility data. 137-138. iSft 
di.tM:*, of, 1544-1551 
lor hacicnal cnimin, 50* 
for kMlenai overgrowth in short tvwcl syn-- 

drome _ 507 

for hypotolcnm shoe It. 89 

Cor pjjsovim*-associated bacteremia. 506 
for prunm*. 671 
fur skin diseases. 664. 663i 
mechanisms of actum of, (41, 141. 152 
minimum iittuhiukry cutn. mir abun* of, fur 

selected organisms. 13-1 

ncunmuMiul^ blcvkvis' uilcra*: turns with, 

476t 

relative efficacy of. 133, 136-137 
resistance to, 143-144 
pulv dosing and. 195 
loptcal therapy and. 145, 146 
standard* tor susceptibility le*l interpretation 

far, im-l35t 

(apical, 659(, 661-662 

AiUiimcrohuS therapy. See also 

Antimirntinaits); specific drugs and 
classes nf 

c he mmhcrapcutic triangle for, 125. 126 
combmatmo. 146-148, 146. 147 '. L47l 
cosi and coovokaoe of, 14S 
culiurc and *usccfxihlity testing fur. 1 Ml— 

L 39 See al*4> Cuhttrr and uucrptibility 

tinting 

dev i skins lo he made dunrtg, I25t 
drtcntunmg need foe, 125-126 

diarrhea associated wills, 20] 
dose cakuLalHa foe, 13ft, 145-146 
fmm susceptibility data, 137-1341. 138 
dore-dcpettdeik* vs Eime-dependency in. 
138. 138 

drop factor* affecting, 141-143 
du/jium of. 148 

empirical, 126-130, 126 I27t-!2KI, 129 
enhancing efficacy nf, 145-14* 146, 147 . 

M7| 

c* alujline response to. 148 

tor acute pancreatitis, 511 

fut tlscmolhcmpy-feluicd jnlcvtiun. 334-335 

for chrome broochifa, 6|8 

for chrome liver disease, 510. 511 

for empyema. 621 

fur ketuKl cough. 616-617 
for shock. 591 

host factor* affecting, 139-HU 139k 140 
in pediatric animal. 33 

fmcMnal factor* all citing, 159. 139 
phanftacofciiieErc factor* in, 142-143, |42i 
poMaiuihiotic effeirl in. 66, 137. 138 


Anuuut rohuil therapy < Ctmtinurd) 

pnnfiplct of. 125-148 

prophylactic, 217-219 


for denial procedures. 200 
for surgery. 21K-2I9 
in granuhnyiupeniu, 2IS. 334 
retaiive efficacy ol drops tn, US. I 9s-137 


rc*lJtlfl£4 to, 143-144 


pulse dining and., 195 
topical therapy and, 145. 146 
uugel organism dnHiAdtkxi for. 126- 130, 
126 

topical, development of resistance and, 145. 
146 


to&icii) due to absorption in, 145 
loakaiy uf. 144-145 

Antimony, 7341 

AtMimuH-annic agent*. See also specific drugs 
a* anti emetics. 486-487 
as spasmolytic*, 497 

Aiiiuicopljstas. drags. Sec Awicamrrr drugs; 
Chrmathtrsipy: specific drugs and classes 

Of dflJ£C 

Antimxkar antibodies. in infective 
endue arditu. 203 

Aniioh idartv 305-307 Set- also specific drugs. 
A no par a* i lie drug*, 267-277. lice alMi 

Heartn orm diieme. Hflmmih infnlions ; 
spcvitic drug* and classes of drugs. 

for skin diseases, systemic, 6651. 668-669 

topical. 662-663 

AMipIatclet iiEtnis. 123. See also spec die 

drug* 

AnUpruto/oal drug*. 1581. See also spec ilk 
drug* 

AmipniRtKs. See also spetihe drugs 

topical. 658t, Ml, 670-671 
Ant i psychotic drug*, 458-462. See jdvo 
specific drugs and clashes of drug*, 
adverse ef fect* of. 4* I 

clinkaj indkatums f«. 461-462 
disposiiiLMi 461 

drug inccroclion* with. 461 
pharmocoicsgic effects of. 464U4* | 

smiclunr-acLivify rtliliufi4u|i* of, 4ISO 

Aittbctotifhcki. tnpival. 657-659,, 65at 
Antisense trrfanoksgy, 399 

Antinepats 5 k also \nrurptirs: vpecihc 
agent*. 

factor* affecting. 254-255 
procedures for. fur surgery, 255-256 
for wounds, 256-257 
Antiseptics, 250-257, 25It See also 
Anirtifpus, specific agent*, 
characlcnstics of. hv chemical type. 251- 
254 

defined, 250 

for surgical prqwaiion, 256 

for wound*. 256-257 

target* for. 231 

urirury. fur feline urn logic syndrome. 54? 
fiemoiolLsgK disorder* due 10, 56. 56t 
Antiserum, for sej^h syndrome, 2(J7 
AntispsiMmdk agent*, 47'>=48d. 496—497, 497, 

Sec also specific- drug* 
for feline urulogic symkofne. 547-548 
Amidinwnhin 111. hs^iirin hi ruling to, 118-119, 

m 

Aniilhronihoticv, 173, See duo specific dnipc 
Anlikuid, hr Muli*m. 217 
for tetaiur*, 21? 

Anti tumor duitibiutic*. 339-342- See tbo 

Antipancfr drugs; Chemoikerapy; specilic 
drug*. 

ArHitussjvfs. 608i, 6U-6I2 Sec also specific 
drug*. 


Afltitutsivo t ( animat'd \ 

intuXM'alM-in with, 719| 

Anti-tiker drugs , 488-493, Sec id so specific 
drug*. 

Arttivcnm*. 724i, 734i 

Antiviral drags. 237*249. See also specific 
drag* 

limitations uf, 23? 
target* fut. 238-239. 239 

Anuria, debited. 90 

renal failure With, fluid therapy fur. 90-91 
Anjioty ucNv 466467. Sec aJ*u *pecilic Jnig*. 

for destructive behavior. 470 
Apla-stM. anemia, cycluspnrmr lur, 358 
due to sulfonamide*, 168 
ApufTKirphinc. 4M4l, 48h. 738 

Appetite stimulant.*. 482-483 
for chmrnc renal failure. 538 
Aptindenc. 7351 
AproTimn. ?35t 

fur iaiu pancrealni*, 511 
Ara C fcytorahiiw. cytmme arahuKKide). 

342-343. 74It 

AiKtndoaik acid, biosynlhrsis uf, 66? 
cats' requirement for, 667 
in inflommaioiy response. 282-283. 2$2 t 
2A5 

in [issue injury. 305. 305 
Are* undtr the curKentraliun curse (Wi M, 

4^5. 5 

NnavaiLahihry calculation fmm, 5. 6 

Arginine liiMjprrtsm ayitem, in liL-wfi fiuJure, 

559.559 

Arrhyltimia.*, 567-568, 568 
due lo cicafinde. 496 
due to dncfirahicin. 3,39-340 
in digitaEi* inlDikalkm. 576-577 

m dilated cardfeomyopalhy, 582 

in hypertrophic cordiumyopathy, 585 
treatment rtf, 5H6-JS7 

wiih gastric diUuukntfvolvulu*. 505 

Annie intoMcutidd, 7191 

Arsenical*,. Sec ai*u ipecific dntgs. 
a& .imhelmimnrs, 2681, 274-275 


nephrulu* idly of. 49 
Arterial pressure, mean, 586 

Arthriiis, degeneroti s e, 295-297 

(disease modifying agent* for, 297-301. 

30 f, 302 


gliKivnrtkmd* tor, 324 

feline dituflk. prugretuve. 368 

rtieumaimd. 367-368 


septic, I8J 

Arthu* reaction. 44, 353 

Articular cartilage. See {’urJi^rff. 

Anarn varum- induced airway rvaciiviiy, 
cyckr-iponoc for, 358 
Ascitc*. diuretics far, 525 


drug disf calculalum in, 27, 2.V 
failure of diuretics in. 320 

in chr-mic liser di*ea*e. 510-511 


^pironolikUMV: for, 521L 525 
Ascorbic nerd. 715i 
dosage fuc. 484t, 52lt. 735t, 76?t 

tor acetaminophen lot icily. 295. 4K4t 
for L'hriniiL' liver disease, 510 
for copper inucrty. 484i 
for osteuarlhrilisc 301 

inm interact Kin with. 110 

Asparaginase. 345-346, 735( 

(hymid effect* of, 54l 
Aspergillosis. 223k 234 

nv;al. 6(5 

Aspiration pneumonia. 62t) 

Aspirin i acetyl ul icy lie acid i. 2*9-290 
adverse effect* uf, 287k 29() 
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Aspirin ticetyliafecyfic acid' 

as afltithtomhcMic, 123 

in tic an worm disease, II2L 123. 595. 

59ft. 61) 

dosage for, ll2l. 2S4I. J62 l 7334, 73St 

for gkunenilar disease, 54) 

fur hy pertfofihic nfdiornyopMby. 585 

for onleoalhrilii* 297 
^.iviRimiAtiiul diM-nv due to, 50 

hcpitotosicitv of, 47 

foypervriMtmi) to, Jeulcntneocs and. 2*5 
uilimeuiioD with, 7191 

CttXOiUCiiy of. 52 

pharmaeiAmctK V of. » C*t. 36, 290 
in dog. 290 

phaimaeidsjgtc effort* of, 287 
plate Id inhibition by, 56, Z8H 
selectivity of, for cyclooxygenase isotnnrrs, 
284 

ipimnnigctniif intenoi™ with. 523 

ther j|tc utie nvinimring data for, 631 
thxmid effects of, 544; 
warfarin dterapy with. 122 

Association of f eed Company t frgimzatiom, 

nutnouticd marketing guidelines of, 299 

AsiemiZole, 665l. 666. 735t 

Asthma, in cats. 617-618 

BlucocoriLco+ds for. 323-324 
jpalhogeildufc ol, 605 

Antririgeim, as vehicle* for topical drugs. 657 
for hemostasis, 116. 776 
Asy stole. cardiac. 593 
Alcrwk4, *s anti anti vihimc. S62t. 572 
dosage for, 53*. 5621. 7351 
for hy pertemjon. in chunk renal failure. 
534u 539 

for hypttiropfcic cardiomyopathy. 5134, 585 
for inilral vaJve mlsuliiL icney, 5BI 
structure of. 564 

Ahpamtvt4e. 427, 735l 
Atopy, 353 

biologic response nnulihen for. 673 

fttny acid suppleiimrus for. 672 

glucocofucriids for, 323 

treatment of, 365 
Atnvaqucimc, 735t 

Atmeununi hciyiaic, 475 

cinxiaitt IV infusinni rate fra,, ?69t 
du*agt for. 474t r 735t 
Atrial fibrillation. 586-587 
Atnal nalruireuc factor, 516 
in bean failure, 559 
m sodium regulation, 76 

Atrioventricular nodal block. 587 
A Impute, as amiarrtis thitiic. 562t, 573 
u anltcmeliLi, 4841, 487 

as tronctiodilafra, AM, 608i, 610 
as prcitrteschetis' medication., 425 
dosage for. 4841. 562t. 6fWt. 735 1 
for digitalis mtusiciiiirai, 577 
in cardiopulmrawrv rrsuscitarion. 592. 593 
inkvtkauoa u-nh. 7f9i 

parenienii stiiLriions of. inter action* Wilh. 20( 

Aurtoofia, 354i. 33MCH 735i 

Aumlhi^lLKose. 354l, 359=160, 735t 

fur pemphigus. 366 

Aumthinmitlale. 74#t, 7684 

Aoioininiuoc discj^, cyclosporine ft*. 35R 

drug induced. 52 

glucocorticoid therapy in. 322, 323 
Amornimiv nervous system, ineyclK 

ailKlqrrsMinLs P effects oil. 463 
Auiraramftmrm, 104 
A/allm)|iniK, 359 
dosage for, 3541, 735t 
for chronic active htpmiiis, 510 


Azathioprine *C<mfst\uritt 
for irtiljiittittattjry bowel disense. 368, S0« 
for aiy asthenia gravis. 503 

for pemphigus. 366 

for pruritus. 673 

tor systemic lupus erythematosus, *67 

Azithromycin, I54 l 17IJl 73 St 

bronchial pcnctration by, 182 
Aziwfse-^ hmutoh^k danders due It*, 56. 50 

A/tmmain, 1771, 735t 

B 

B lymphocytes. in immune response. 350-351. 

35/ 

Bacillus CaLmetle-Gu^rin. 360-361 
inlravrsicular. ft* lower unnnry trod dis¬ 
ease, 549 

fimiltw, pifjfwrmi i infection. 5(*6 
RacHnctn, ISIt 17) 

Bachifen. 5441, 735f 

Bacteremia. infections associated wnh, 12 T t. 
202-207 

|73jStiv im-asMiu2lcd, 506 

RjLicnul infectious. 175-219. See also spec die 

in lections, 
jiucfubiu. 213-217 

anti microhm I selection for. 214-216 

associated with twieremii, 127t 2D2-207 

■ midu/oles for. 228 

L form, 2fI7 
of abdrauen. 203-205 
of central nervous sy stem. I28l, 175-178 
of external car, 1281. 199 See also Otitii 
mffflML 

nr gjstruiiniestinj! trad, 2481 2D2. 506-507, 

JOB 

organisms causing, I27l 
of genual tract. 1281, 190-191 

of hepatobiliary system, I 27b, 510 

of miMculmhcletal system. I28t. 179-181 
uf rrspifult*y tract, 182-185. 182 l IHJ. 
616-617, 619 
organisms causing, I27t 
uf skin, I28i. 191-1% 

of tnirmry tract I85-L90, I87t 
diagnosis pft 186-181 
organisms causing, l2Kt 
pruphylajEis of, 189 
recurrem, 186, *88-1 ho 
L reatmeiu of. IB7-I89. I*7i 
cirgamsnis causing 127M28i 

(trophy luu of. 2I7-2L9 

Baccrual overgfowih, 202. 507 
in vuctine punsrealK insufliciency, 512 
m inflafnmamry bowel disease. 508 

meifuitHlaucuk ft*. 4851. 507 
Baciemophiiges. 387 
Baclenuru, 185 

ftiu TrntuifH species, jmimicn*hial i«istance 

in, 215 

Bainhridfpe, quiNrd, 330 
BAL i dittiercaproi i. 354t. 7444 
fur gold che I Jlicm. 360 
fotUmiidiw* coil infeelmn. 5(18 

Btk)uik»pn rn sulfa. 736t 

Barhlurilcs See also specific drugs 
adrcmxofticaJ effects of, 54[ 
for anesthesia indutrti™, 427 
for hacterixl meningitis, 178 
fnr head trauma. 452 
in pediatric mutual, 34 
mtnxKaDnn with. 7)9i 
tliyrutd effects of, 54t 

Hiuium. imotkaticn with, 719i 

Btukinp. evccssisc. 469—470 


BTNU fcarmustinc t 338, 7384 
Beagles, drug dispositmn in, 37 

BcckHticthawifH:. 322. 6 O 81 . 736t 

adrcmvortiL'al etfrets of. 541 
Bch^s Hiral diviwtkni. ill Cats. 471 472 


in dop, 469-471 

ncunitransrmnerv in. 457-4.SB, 458 

Ere .it merit of, 468 472 See also itrttniin r- 

modifying drugs: spec die drag s ami 

classes uf drugs 

Behavioral marapu lari cals, in pain cdotroi, 4477 

Behavior- modifying drags, 457-472, 459l See 
also specific drugs and classes of dn.ias 
clinical applksitmiis of, 468—172 
for pruritus. 6T2 
for skin diseases, 665t, 668 
stnicluiTs of, 46(7 

Belladtmna alkalnids Sec also specific drugs, 
as antiefnetics. 486 
as spusmnlylk's, 497 
inlotkatiun with. 719t 


Hcna/cpril. 5ft2l, 565, 5ftft, 736t 
Bcnaalkonium chloride. 254 
ntotnxiciiy of, 5* 

topical preparaljurLs of. 658l 

Bcnraihine penkilhn. I55i. 157, 76h also 
Pcntdlti* sK 

Ben/eiriuniu m, oonoa kity of T 52 

BCRjdmida/olcs. 736l See ulw* spesillL drugs 

as iinchclmiiiLiLs. 26St, 269t 270-272 

BertTwaine, 7364 


henutokigk disurders due to. 56, 564 

BcsrodiaropjKa. See alwi specific drugs 
as unticoov uIsjjus. 444—816 
as anainlyiics, 466-467 

as appetite surouleiotv 482 

ms prot n al tart k medicaiion*. 426 
for aggtvAomi problems with, 467. 469 
for nuise phi.hi as. 470 
for pain. 418 

for separation anxiety. 470 
hepatmtsxiciry of. 466 

pediatric animal, 34 


mechaftiMti of aciima of, 444 
ncurofiiuscu Lar blockers imcriicuons with. 
476t 


thcrapeulic rmuntorinf duia for. 63t 
wutidruwal fmm. 466 
Benzoyl pemnide, 736s 
« anil microbial, 65% 66 9 -662 
as anti seborrheic. 658t 659 
for canine sehurrhea, 673 

for Aftddi.tf.~Mi i nice in m. 233 
fur pranius^ 670 

Ben/yl alcohol, central netvous system imieily 

of, 51, 511 

topical pre par at nms of, 6519 
B agonists, See 3‘Adnrrtff^rc ujpuftjrfj. 

Beta WockcTi 5kc U Arfwrfpr hfm'kf n, 
B-Uctam aftljbinticv. See $-Lat lam mdhiotk:i. 

Bctamethavinc. 4)7t. 322. 736t 

topis id preparations of, 6581 

Bethanecbol, 7364 

ua prnkinciic agent. 494. 494 
fear tiypoccMttractile hladdcT, 542. 5431, 344 
Bicarbonate. See a)v.i Sttdium hmulstmtr. 
m cardiitpulmcmary rcsuveittition. 4u2 
paic liter id M.4uiititis of, mieraCUufts W ith, 20t 
Bicarbonate dcficil, calculatmvi nf, 88. 5*1 
Blear bemad?-cartfcmis acid systetn, 77-78 
Hiftmazole. 674 

B iguamd i nes. Sec also spec die drugs. 

frar diabetes rod liras. 644 
Bile acids/salts, 5431, 503. See also vpecilk 
■tents 

hepatutoxiciiy of, 47 
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Biliary cKnUoA of drugs |(ML. 12 

■i |- :. i i: facum .,-27 

Biliary system, or^aniMtin causing i nfrcifons 
of F 127i 

6-7 

v 4m blunt (if, Nun plaxmn ^onircnttabon 
v s. lutie imu, 5, 6 
ch i- ;■ - m. in liver u-■• 27 

B i.. r i r i, revi stance to iliMitfcLiKtn and, 255 

Biofryeic response nuwJiSfTH. 349 -180. Sec also 
specific agehfv 
i Luiiticjiktn of. 351 

• t..- n.. .1 37] 

dosing it|krilUft i'*f. 354( 

lor pruntus, ft? 3 
for skin diseases, 669 
t m mo nrva implant. 353. I6rft-3M 
i mil hjjxkiu pf>icaim. 355 Wf 
t’nr ^loroerci l ar disease. 541 

imlkiJUkw I ' 1 355 

principles of ifieropy will:, J 5' t 

»ilh renal tnuinpUntiHtiiAi. 343 
in ncopiavia, 354 
i i v'tial disease. 353-354 
indication- fnar . 353 

i .\ : v '"i:. i.. i.: 35121, 395-■ !* 

B ii reversible I- i v in/ .. of proinfi »-1 

peptide Eirugs, 390 

Bimtchnolos), M V3K4. See ilw 

ttn mint lft'/pHi|(^¥. 

B itnin, 71 4x 

ftipyridtne* >Mfc jjlw vpecilk drag*. 

for iddLuC disease, 5?7-57$ 

Binds. dcpobnrmii iKummuvitliir blocker*’ 
effects m, 474 
Bl^kW>L 4B4l, Ml, 736* 

Bismuth. 7J6i 

■'■ ■ 1 11 r.i! lemtirn fjr*tcm vu.iry of. 5ll 

i H " i- .i i-.'i with. 7l9t 

BiMTUBti whs-alKy laic, dniMitf for. 4S4i 
Itir hnelenal emc mis, 5117 
for diarrhea. W, Sf>5 
for glistens*. 5W 

Inf ffr Jj'j h i/hth i*t infcciiMii, fl'S 

Bladder, tij-perv mlracttk, 543l, 544 

h>pooortneti Ir. 542. 3434, 544 

dbvtumyuKii, 2231+ 333 

Blcai :h Set" SodflfiH hypinh/ttriw Hu .■ hu 

Bleomycin, 341, 734m 

Blfwvl, 97 IflV See ilM fth*<Nt ^aHyUjnmfT, 

specific mm portents. 

M ii ii ■ ' i ■ ii r i m*i 362 

dirucal use of. III I-KM. Ui2. ID2t. tat 

wiketfoo of, W* 100. ^ 

donors id. 9^-^. 9*>l 

dru^s acting on, 107 123 

Itw acme (Wh nriK^, 511 

for bead i■-: I'u . 4J2 

for hnlhiUiM s, I 16- I I 7 
inicUhM-, oC IJ7I. 202 - KP 

Iits* of. during tucjcTj. correction ts*~ 94 
shock due to, 55KX 591 

■mirage f‘l. J[JB-ilM. tat. 1fl2( 

ph;, ,i .1 ■_!. , 1 .mg: - during. lut) 

wtitijtiiicv for. 105 

Blood bunking imioi, commercial. 99, Wl 

Blond compuncnis. Sec alw? tiUvvl; ■ iw'v 

LiJlItjhianllA. 

IH immuiKiMintuhnb. 362 

Nr he mod. ii iji s, 116-117 

dtwngc rd. ItKMtM. tat. W2l 
BIomI llota, cotincfnis, 654 

hcpolk. change'! in. m cardiac dnca.se. 2M 

in Li in Js ,c .1 ■ c. 26=27. 27* 
i■'!!'. n,n o| drug: mrtitWiai by. III. 26 
rehiil. Set Aioir/ 


Bkkd alUlyiPi, fte ncrj-KjM: e ■ . i< .m-1.. 
B]i M'fci groopv 97 9? 

Blood pressure rnc.i- ricri 5S6 

Blood ly^ng. laKmilork n performing, 9ft 
Blond Viilyme spctid aid hrwl differences 

in, drug diMritiuijcin diffocn^piv ani 35 

Blnrd.-Pru n bArrkT. 176 

antimiembdil therapy iinl. J 42c. 143 

mcmngrlic tread merit and. 177 

peemrahiljry of, diet cranial u-anma, 421 

ir» neohihe, J2 

Bidy coinpimLiuo, in geriatric animaC, 30 
Body surface hn. convepiion of tsodi weigtn 
to, TOfti 

dming bovd on, 16 

for iintjciiictfr dm#*. 313-334. lilt 
Rcfte. drug nKTreneat inm 179-1RO 
glucociiEitfc u-.k' elfcf Fs on, 319, 326 
Bone ccmcnl, nttminycli Us and IW 

Bum UlaJTOw, m^Jpfrs ,ioh erf. Sec 
4 1 «v f, h uf>p rr t j km- Sru I mprn W 

inrtspfarUitiEHl of. 105 

Borates, ingenion of. '?i 

fontetrUtt brwtfhiifpit ■. w indieotimdiitH. 

IK3, 246.616 
Beni gn, 117. 72fJt 
Boren, dilated Cardkirnyopithy in. 5S2 

Bfsachy cephalx- Preedit, drug dispusitHin hi, 37 

BfidyurhylhmiiiL, 587 
IdtMvcaicqing. 591 
Ft rain Sec (Vnrrn/ lumuir rv wm. 

wtr 

B-ran, 7361 

IJrccd dHfcrcPtc^. in cmlmm>o 7 ialh)i 

iiunifeMilKHiK, 5H2 

ui drug dispmiiwTfi, Vi 
in [.it pain, 407 

m larges Iimuct, 37. $7 

Bmylium, 562t, 572 

k-otwanw JV ifsfsj :. i’ ruic fur. 76^ 

Iw sentnculif liPtilktion 593 
BrewcrS yeast. 736t 

B talifanhiiti rudend■. i ■ Ic poi■■■■ 'i i n| II 7 
BmmethaLin. rMon icanon milh. ?20i 

tihuHikiltb, 73*1 

as onlrcnnvitlUHl*, 44t>-44>.. 44ft 
vi. 'v.' modi6i a: liW Vtitjl. 4,37, 4 v 1 * 
for clunnic uijuie control. 419. 447-448 
cniL'KidcstKm with. 7201 

thiarulrs tor. 523 
plurmscE4iihel ic* of. 435i. 4 ; 7 
skin Les*om due to. 5!, 53 e 447 

Vhcr^peulK pnofiilta^ng of. 441 

anifihiTE in. 72. 72i 

.data ■'v... 63[ 

tf rrqmvripfirH:, 62*4, 6rtf. 7,6 i 
fur estitaa ifiduciiofl, 679, 6ftl 
(tor hyp ntdicnncaulkicm, 626t. Wl4i4lt 
itiymid effectH of* 54r 

Kmnchpal dj.v6]fni|ii, Set* alts specific 
disease*. 

tk'm. hi. I smooth musck, contoi' • f tone of. 

NJJ-MH, 401 

hefur n’s cfliKtt on proliferation of. 119 
Branchial-alvcolar-bkwjil hamerir, 182 
B mne h ketm is, his 

Bionchihs. ojkifju >65. 61 ft 
in cars. 617 

in tk?|is, 61 IS 

Bronebnd 1 1 ators r 606-610, ryjfj* Sec also 
s['o.i::l drugs, 
v Miirtusipvc*. ft 12 

f l-t brnncbial disease, 617. 61ft 

lo facilitate acrmol drug delivery, 615 

ventilation-perfusion mt mu itch due to. 619 

with MliirocnNal thenniy for bacterial pneu¬ 
monia. 1S4 


B MpirfittHM: (A B PF). ’ f4 

Brucellosis. 2tt?-2lte 

Brucine. intoikMion with. 725 1 
Buffer, m commerci .l Ihtids, sst 

Buffering, in icid*lnie mitiiitonuce, 77 

Bulk flow. drug movement hy, 6 

Bullous pemphigoid. i66 

Burwnidinr, 7X4 
Bupivauune. 4LX, 419, 716t 
epidural idmin i strati on of, 422 

m i nucally ill anirwK 420-421 

1 trpne a orp hi IK. 416-417 

dosage for, 4131, 43hl, 7X4 

par enter al sofu job* trf, itrictaciions wrth, 20t 

phamucokinetirs of. 4ltt 
itccptor tfkclivity of, 409i 
ttfa) rf, after fan: d iru srtla, 432 
Birrow s solufiun, 657 
Buspimm: 459t tft?, 7?6C 
for ilolrwlivc tvhovkir. 470 
for inappropriate e-Ihii r.u.i-n in cars, 47| 

fur phobias, 470 

Busultan, 7 Xu 
iiilonnsok. 7>6l 

fiHkTfrfuwjl, 416 

as anbemeue, 41L 
with mkti chemitficrapy. 333 
with eupltiin, 344 
with niiniMurcas. 33H 
a> milu*sive 6U4U, 612 

cufiilartL IV fflliftirHi rale lot. 769l 

lil'.'Tssfc fnf. 41 M. 42m. 60ftt. T.Vtt 
ptfHtlclbJ ■ - ui j- -ii -. of, IMduLlkrlL with. 2d 
pharmacokinet k wd, 410 

returpto? vein, Li •< fls of. 

structure of, 4£J9 

A r Bulyt chNnde. 268l. 269 l 273 

BmyTTifdrcnoncs. 460 See also vpp -ihe drugs 

as awiemeikiE. 4*17 

central tietvogs system ttHtkiry uf. 51i, 419 

C 

C abergErline, 6ft 1 

lur c*4m^ inliklKNi, 674 

Ifl 1 pregnancy termination. 6X7 
Caffeine, inhniciition with, 720i 
CukifedinL A.B, 614 

for hyyk'fsto .rilVyruidiMk. 6>4 

Calcitonin. 7X* 

fur hypertaleeeui a, 94, 613 
f'akitn^, 61.4. 6U 
dosage: for. 334C 626c 736t. 76Kt 
for hypcnwiidiymidisin, ip dinuiic renal 
failure, 534t f 339-540 
(tor hyiwparaliyrtndtsm, 626c. 6X 
Cakium, as Inottupe, 579 

f«;- bypcrlnlrmia in hypmiftflficniikiLfli. 

649 

for hypoparatlryroidi!ia, f 13-63*1 
in cardiac muscle Klwa potenlul, 555, 556. 
556 

:ui Ciudropulmuiuury ffrtisriuinoii 592 r 393 
in commcicrial fluids, K5l 
m in vol anbri contractility regulation, 353- 
5 54 . 554 

in vascular smooth musck contractility. 

556-557, 557 

mttftnl solutintPi CtihUutUttg. lrili'ptrl do* 

with. 20t 

regu IHtkm of. g 1 go k cut*crid»’ cflnis (». 

>16 

pooibyiuid fl »nd in, 632 3,f.l 
Cakiun Mtate, Juhage f«. J14i 
for dwnntc reiwil failure. 534? 536 
Calcium caifwiiwtc. iw hiiIk id. 492 


n 
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Gidcium carfeoitaie i Confi nm-dl 
dosage itKr 4841, 534t, 736t 

fur chronic ftiul failure, 534u 5_V> 
for hi, popariithvmidism, 6.14 

m bene, a* acid buller. 77 
Ciik-ium channel blockers. 561-545. See also 

vjKviAL’ drugs. 
iKkcfm; effects ii#, 564 
as ,inti urrhyl hmics, 572-573 
cluneal Use of. 564-365 
drag inlm'tHHis with. 564 

564, 575 

for hypertension in ehmmc ttimI failure, 559 

ft >r rDfintwy disease. 610 

mcchani mu of mwm of, 56 ] 

pIkinlUKAiileliCi df r 561-564 
(.'ikium ihMnji'. 7564 

c^wvliwit IV lafiium rale for, 769] 

for bypticialceitiia. 94 

for iiypopaxuthyroidism. 634 
m cardiopuldBouarv resuic i UtnMi. 592 
Calcium til rale, 7361 
Calcium disod i urn E1DTA, 737[. 743t 
parenteral v^iniHin.% of, i meractiorts with, 2Qt 
Calcium glucohcptortiiie. for 
hypopwnlhjTtmliHm 634 

Calc mim ^Iul l iii.i Ll' , tunslanl I V infusion rate 

far,7GVt 

dosage for, 530,626c 737 i 
for hypcdtubcTTiiai. 87, 87t. 626r 
m acute renal tail me. 5 .Hit, 531 

far h > fM pcik c m i a, 94 

lor In ]i4 iparatlayn mh sm. 62**. 634 

Calcium lactulc. 737i 

for hypopiirjLthvronljHm,, hM 

Calcium EiMlitr uiwhihUsiv 526 

hy dn chiomthuTidc for, 5211 
CakiUEh phosphate, HI Nme. as at ill buller, 77 
Cakuli, nrjnan, See Vn*tiihkiHii. 

Caliviviru* lufcctnm, in cais, 238 e, 247 
CompvJ'ttfwirter jejuni i niemiv 5116 
Canter. Set also AVi y.4u i to. 

cfaftifi cation Of, by ire at mem acmilivity, 

332 

doubling limes for, 331 

hqulrfdlulii, due lo anabolic steroids. I 14 

h>pcrtaliLcniui in, 633 
wucrienirw for, 375 
mammary gland, 6K2i, 687 

p&hogenesis of. 43 

pfisMalit, 687 

CandidiKis, 223c 233 

Capacity-limited drugs. |EJ, 26 

hepatic disease'i, effects on, 27, 2?t 
in gefistnc animal, 29 
Captiltiria armphita infection, 61V 
Capillaries, types of, drug movement and. 142 
Capun. 231. 232i. 7l7i 
CaplopnU 562c 565, 737| 

Carbamate*,. topicid. as an! ipuni.vilic*. 663 
C lukinu/epmt, Jiiujir for, 4391. 7,17l 

for aggression. 467, 469 

fur behavioral nsoditicmion, 467 

for di- ifv re > i ndp idus. 651 

nfun-miivtuljr blockers' tnlcTuction* with, 

476t 

ihvroKl tffftl* o#, 56 
Carbamide peroxide. 661 
for ntiht externa, 197 

Caitnaptiiciii, structure of. J5J 
Carbary I, for ear mites. |99 
topical, 6581 
Carbenivilhn. 156 
dosage for. 154t. 7371 
le>r unitary iraet iit feci inns, I HTt 

parcineial volutions of. mteratULMiv with, 2m 


CurbeDitillLn iCtmltnuedi 
pharmacoi; mctics of, 157 

susvcpuhiJ.il)’ tesl uUcipcddioti for. 134l 
( afftcnoxolont. for urinary irael in kvhon. IH6 
Carfarniwnfe. 7,17| 
for hyperthyroidism, 630 
Carbohydrate mtiAhnhsm. 63fi 

glurawticokfi and. 315-316. 327. 328. «I 
tests of, 62fir, 637 
CarKilie acid. 234 

Carbon dioxide, scram muiL lor acid-buve 

^UllUtKHI. 82 

Carbon mn mi tide, inlmjiealnm vnth. 72lh 

Carbufi tcirathkiTiLk. LUIoVil jIloii Witll. 72tJt 

Cftifwih’ jnhvtlrase mhihiiorv, 5/6, 5 m. 
520-312 


Cvtnpbtim 344-345, 737i 
Carelnofcnesm, 43 

C are nh mu. See jUmi C uei rr; tfrepfaffa, 
hepjkve Lliilar, due to anahnlic vtcroidv, 114 
nummuri gland. 6£2t. 687 
pnMaliv, W7 

Cardiin. Asytmle, 593 

Cardiac disease See alxi firttri futinte, 
speeilk diseases. 

changes m drag disposition in, 27-28. 28i 
Cardiac j-il yeositles. Sec th^nutn xiyeosuies; 

Difitoxm: ffijforin, 

CVdiae imoclc, Klicm pucnliaJ nf, 555-356, 
J36 


CanJiogemc shot*. 89. 388 
rardiomyopiiahy. 581-585 
ddmed. in csrts. 58V-3tU 
in ikigv 581-583 

'hypertmphie, 5JM-585 

negaiive ch mm irrupts for, 579 
■n hypenhyroidism, 585. 629«630 
irealrlltrllt of, 631 
restrictive, 585 

C 'ardiopul mottnry cerchrovastuiai resu-^iuuon, 

591-593 

Cardu Movie tty, of eisapndc, 496 
of JoionjNi.ni, 339- 340 
Cirnhov ascular system. 553=598 
discuses uf See also >pcvitie diseases 

drags used in, 56 2 1 -563 1 

ircalnienl of, 579=388 
glucocorncoHis^ effects on, 31*. 327 

in geriniriie umnud. 29 

physiology of. 553-358, 534. 556-5.W 

incyelk JrlLdcl^l^c^^al 1 ls , cIlccEs ejo, 463 

Cstrmustinc iBCINfi). 338. 737i 

Carmline, 737) 

deheiency of. m dilated card tom yopsrttis in 
dogv. 5*1-382 
CBprofcn. 290-292, 73?l 
advene effects of, 287u 291 

for ostcoanhrins. 297 

for thorikotumbar Jim: vtUu-ion- 454 

selocttvily of, for cyckxmyfenue isufunns. 

284. 291 

Carta kgc. articular. ilwocmiHtd ^uinaloneii' 

effects, on. |M» 

gluciKciftkoids^ effects mi, 319 

in nsicoarthritis. 296 

normal physkdogy of, 296, 298 

NS Aids' effects on, 286 
Carvedilol. 571 -372 
Caseara sagtada, 737i 

Castor oil, 301. 7371 

Castration, changes m, goarhhstropins alter, 

678-679 

( alechi 4amines. See idsii sptvi he 
L‘ atccltuljnu lln. 

in head failure. 560 
Cm hanks, 499-501 


Catheter. scnEral vcikius. fur drug del is cry in 
cardiopulmonary resuscilalion, 592 
Caihclcnralipn. urinary trad infcvtuHt ,md. 186 
Caustics, therapeutk use of. 661 
CCNU i lomusimc K 338. 7,5th 
Cefaclor, I54t, 156, 737l 
f«r unitary iracl infcctjem, 1871 
suseeptihdity lesi tiuerpr elation for. 134t 

Cefadroxa 152a. 137 
drisagc for. I54t. 7J7l 
fur pyoderma, 194 
fur umutry liact infovliutH. 187i 
vttsecpttuliiy tcsi interpreiiinon for. \ 34r 
Celanumlute, I54L 156, ?37t 


suseeptiNI ily test intcrprci.iii-’m fnr, I Ui 


Celanolin. I52 l 156 
hnne pcnctnmkin hy. 180. 18 It 

central nervous system loiKLly ol. 51. 5 It 

dosage foe, 1541, 7371 

fnr osteomyelitis, Ik 11 
fur surgical propliylatis, 219 


tnimmvm mhihiiury cnccntrvtiom foe 

selected organisms fur. 132t 
prentcral ^4 in ions of, inleract ion s mih, 218 
susceplibilUy (ect inierpreUMkin hw, 144t 

Cefcpime. 134i. 7371 


Ccriiime, 1341, 737e 
Ccfraeuzolc, l54(, 737| 


t efopCritixHK; I54i, ]5h, 137. 737i 
CafamtaB. 1521. 156, 137 


hmoehiai penetrjiH« by. L82 r 182i 

dosage for. 154t. ITTt, 737t 
mmimum ttihibrtory conccmralions lor 
vekeled urgaeiisms fur. 132i 

sliscepti h; 1 1 Ey tesl interpretation IOT. 134| 

CdoiLUiL 154L 7371 


suseeptoNlily test mlerpretaticn for, I Uj 
CefoxiLtn, 151 

hrmchial penetration hy. |H2. 182i 

(linage fot. I54t. 7371 

cllieaey of. pH and. Ml) 

Jnr anacrabic liiIccChmis, 216 

for perrioflilis, 204 

for surgical prophylaxis, 219 

Tnirumum inhihilur> cunccnlraliunv fur 

selected otganivras lol. I 111 

resistance lo, in Sticiermdei frugilit. 2E5 
spec I runs o# activny of. 152i. 15ft 

husccpuNIny lesl interpadalibn for. 13-M 

C'cfpudovime. 154t. 73?l 
CdUfidiifie, 136 

dosage fur, IS4 l I77u 737| 

Icht cbemotlseupy-related intccliun. 355 

suscepuN lily led itterpreouoo foa, 1344 
CeftwfW. 152C 156, |57 
dosage for, tS4i. 73Ti 
lor canine porvostral emcntis, 243 
minimum inhibitory con cc a tr a li c m far 

selected tirgamsms for. lilt 
iiuceptibi lits lest HLierprclalion (or, 134 c 

CeflUtuiinc, I54t. 737t 

susccjMil»Ills has| mltipil4lKn lew. I.U| 

CeAriiMK. 157 


lerDsol thtrupv with. 6l5i 
dosage for. I <M. 1 77t, 737* 
susceptibility icsi inlerpretadioa for, l$M 
Cefumiime, 134*. 737l 

suwcptibihEv tesl mlerprctation for, 1341 
Cdl cycle, 330-331. 3.W 
Cell wall, bactsial, antimicrobial pcndratiofi 

of. m> i4j 

aniimicnibjaN targclmg. 141* /4f. 150=- 

I S3, 152, fSS 

Cellulate* u&idi/ed, us Uulting matrix. 116. 

lift 
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idvnw drug Fraction reporting Eo, 57-58 P 
699^701 

C’CtlEJU] nervous system, battcnal infections <4, 

121k. 175-178 

disease of, drag-induced, See Crnmi/ m-r 

v<mjj ivifniT ffnrc rf%'. 

glucncciflicoMi* for, 32-1 

distutbutccs of. in acute renal failure. 532 
glucocorticoids' cfFtcui on F 319 
in penatne animal. 24' 
trauma to cutises of. 450-451 
gluctKorucnnk I car. 32* 
iniUrnmaltifv response modifier* for, 3lM- 

307 

medical iiUEiJiiciiiL-nt mf, 451—453 
pain cnrtiml in, 421-422 
palhopfiy vuikigy of, 450 
Central nervous sysiem touchy, 50-51, 511 
m cardiac disease, 2 ft 
in pediatric animal, 32 
of 5-Huoro uracil. 343 

of j^utoLonieoids. 511, 326 

of bdooune. 3H_ 439, 570. 571 
of metockipramide r 51i, 445 
of mitotanc. 6*7 

of upusdv. 5|(,4HML2 

CenlraJ crnMEi/itmi] 10 jnuii. 40h 
CeMnl venous vaihcfcr, lor drug deli scry, in 
eaoJKipulirHirary resuscitation. 542 

Cfillial vtraiut pressure, tiir fluid therapy 

monitoring, 85 

10 oligunc renaJ failure, 41 

Cephak*in. 156 

bronchial penetmEnni by, 182 

fOf, 15*E. 7371 
for pjoderma, IW 

for nmy uact infections, 187( 

mirtimitm inhibitory conocnlralior^ fof 
vkiioJ organism* lor. 132i 

susceptibility test inicrpreuuitin for, 1 3 +e 
C cphakwidinc, 737i 
ncphmires icily of. 49 

CephakHpmns, 15* See aJ co fi„/jit um 
twtihwrticx: specific [Imp. 

bmnchial pc nc train*! by, 182 
d u*inotion of. I5 (l 156 
for anaerobic in lee lions. 216 
for pyoderma. 193 

for urinary ifact inlrctuin.%, 187l 
rephrotoJLiriEy of. 49 

piirrnEeniJ solutions of. interactions wilh, 2dt 

phaftilai. nki flcl iC * of. 157 
structure of, t53 

Ccphwkilhm. I52 l 156, 157 

dosage for, 154v 7371 
for ncdeomselilis. 18It 
minimum inhibitory concentrations for 
selected organism* far, L32t 
piircruer-jJ solution* of. inter action* wiih, :ot 
relative efficacy of, /JJ 

susceptibility test interpretation for. 1 J4t 
Cephapi rio. E34t. 157, 737t 

susceptibility led interpret at ion for, 134t 
Cephradine. 73ftt 
for urinary tract infection*, I 87 i 

susceptibility te*i interpretation tor. H4t 
Certhml edema. 451 
due to aggressive correction of hyperna- 
irrmuL 86 
JwMcrudf lor. 52It 
glucocorticoids for. 324 
in bacterial menu ignis. 176 

ami-inflummanwy drags for, a 77- J 78 

in diabetic krtoackkwiii, 642 

mannitol for. 521E 


Certbcospimd fluid, 176 

t crebrovascular cirdioptilmcici^y resuscitation r 

591-593 


Ceram iniMytics. *61 
for otitis edema. 197 
Ceruminous otitis, 199-2nd 
CetacaioC, 7J8( 

Cetirifine. 611 
Chagas disease 573 

Charcoal, nelivaEcd, 449 


dosage foe. 4B4t, 733t, 73Bl 

preparation* of, 71 Kl 

Chcmoreccptnr triggering 7 vine. 483. J8A. 4X~ 


antremcMes active at, 487-488. 4#7 

simuiLiilion of, to induce emesi* 4\h 


Chemothcrtpeutk mangle, m unb microbial 

therapy, 115. !26 

Cheatotberapy, 330-347. See also Ante oncer 
tfwtft: specific drugs and classes of drugs 

adjuvant. 3 32 

anabolic slertuds and, 115 

cumhnaLKrti. 333 

gluLucurtitoki* in. 325-326 

guidelines for. 334 

phases of. 332-333 

resistance to, 332 
side effects of. 334-33* 


C he nod w I (ebcmdEoiyihotk acnii, 503 
Chest tube drainage, tor pYolhoriv, 1K4 
Chcyletjcllosis. ivermectin for, 665t. 669 

Cldufj.mhotil. as antiLancer drag. 337-338 

is immure isupprosarvE. 359 

dosage (dr. 3J4 738t 

for eminophilk granuloma. 367 

lor fdlme mleetious pcnLimitis. 247 
for pemphigus. 366-3*7 
DtlnrampliaDCDU iSll. 169-170 

advene effecu of. 170 
aerosol ihempy with. 6l5t 

dosage for, 154l, 1771. 738l 
drug micructHms with, caktum dumnel 
Mockers, 5*4 

IrvamiwHc. 2T2 


phenohjitutal. M. 170, 4 4 

ptfcnytcun. 444 

pnotidune, 442 

fur nsiKTofut infections. 216 
fur ehrhchiosjs, 212 
fur tiiitb c\icrna. I97t. 199 
foe pyoderma. L94 

for stmuirv (mrc infections. 187t 

jas[ri.>inEes(inal diveavc due Eo, V3 

heiiiiUokigu. Jim infers due to. 56, 56t 

minimum inhibitory eoncentriuirm for 
selected organismn for. 132l 

purenUTiil sot Lilnin* of, inumiciioiu Wilh, 2tN 

phjniukokiiwtic s of, | *9 

sctnjirs due io, 439 

skin lesions due to, 52, 53, S3* 


speclrum of activity of. I 52t. 169 
slruvluic of, /59 


■usceptihility test interpretalion t<w, I34t 
ChJurdia^epaiide, 466-467 
dosage for. 439i, 738i 
nw inappropriate eli/nmal^sn in cats, 471 
for social ancjdy in C*U, 472 

Oilothe i idinc, 6*2 

*m gertnicide. 25/. 252 
dosage for, 232l. 738t 
for dentuuiiphy ins-iv. 231 


fur Mtiltiisrzw intectHio. 233 
for otitis eilenuL, 197. l9Ht 


for pcmhiiHiLnl diseLihir, 2tlt( 

for pruritus, 670-671 

Tor surgical amisepsai, 25* 

fur wound uttisepui*, 256 257 


Ch lorries, hi me (Ccm ti fw t ti) 

ctoroiKity of, 52 

Chlomie, diveuve-induced dungev in. 79 
in eniracdlulor fluid osiuolalny 76 
mtcsiinal irailspofi of, 4% 
metabolic ullsalosiv respousisc to, 82 
renal n.uapon of, 515-516, 5f* 5V7 
Chlorine, as germicide. 252-253 
m commercial fluids, 85t 
Chkwodiiizide, 522. 738i 
ChkWuJiyleltolv. a* germicides, 254 

for surgical antisepsis. 256 
Crikwpricm ranunc. dosage tot, otWt. 665t, 7381 
for allergic rhinuts. MW L * 14 
for prwitus, 671-672 
for skin disease. 665t. 666 

t hlofpmma/ine. 487 
adverse effects of, 46] 
uiEuurbythmic effect of, 461 
dosage far, 4Mu 73#i 
drug miemicttons wtth, 461 
ncununusculEr blockers. 47*t 

fur aciNc gastritis. 504 

for dimtbea. 49ft 
ihrrnd effects of, 54t 
Cblorpmpiunidc, *2*t. 651. 7 3ftt 
(’hlnqiynfos. 6*3 

ChlunetracycJme, 169. 738t 

C’hoccdate. mtoviciitMiri wnb, 72Qt 

Choluguguev. 501 
OuiLungicihepiuitoiH chnwnc. 510 
Cholangitis chrome. 510 
mclncwiida/ok for, 48 5l 

ChokxaldferoL 6JJ. 7m See also Gafctotofc 

11 fairjm D 

fur hypoparatriyivMidisiiu 634 
in rrxlcfitieidev hypcrealccmta due to. 635 
structure of, 632 
Choleretics. 50J 
ChulcvLasis. drag-induced, 45 

ursodcni ycrinlic acid tor. 501 
Cholesterol. jrniprioEcricm B binding lo. 225, 
225 

CbcdcstyraltlLnc, 499 
tkisage for. 4ft4t. 7m 

for diurthca in shim bowel syndnvmc, 507 
for digitalis mioKKitioa, 577 
ihyroid effects of. 54l 
Choline. 501 -502 

dosage for. 484t 

ChcdinsTgitr agents, j* prokincEic drugs, 494, 
4W 

for hypocomraciile bladder. 543-545 
■niot iCal khi ttitb, 72d( 

ChivIjrKTgk receptors, in gastnc nxKtlify, 494, 

494 

Ok Mi rws (erase inhibitors See 

Aftfii /Kj/jnfjtfrti.M'j. speci lie xpenti. 

CTvmdriKylC’.. in arucutar curtilage, 2%. 29# 
OhKldrodyvtKiphind breeds, acuce 

thonicolunilMr disc entnision m, 453-454 

ChiKMlniitin. sulfate, for mlecwthnti%, kKJ-ki|. 

30! 

lor septic arthritis, 181 

fur unitary tracl infecilon, 189 

In articular cartilage. 2%, 29# 

O*mdrijprotcvLuniv, 297- 301 T JOl J02 See 
also specific agents 

CtKwdae lectdiiKac. ruptured. 580. 381 
Charioak gonadotropinv. 73Kt. 74*t 
cljuiiic . 679. 681 

tor extras mducrkm in cals, 684 

human, See Hxmtui cJum&iic tuvwkiointpin. 

Chrocnium, 71At 

Chry toEbcrapy. See CoW cofivvuwf.i 

liLidafin, imipeocm uiifr See Jmipenem- 
crid shit in 
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Cilia, in ra^piralciry dclmw, 6G3-G04. 603 
Cinui^iK, A\ LimihyuiL^ucimLjJit, 364 
constant fV infusion rate for + 769l 
dotage for, 4Wt, 5301, 5Mt, im 
drug i ittenitf* ms with. 490 
anticomukinK, 414 
calcium channel blocker*. 564 
diazepam, 479 
ittCip>Qkl*70k, J6S 
Mxrolfatc. 491 

for at eLamimipheTi toxicity, 36, 46, 47. 295 
fur acute liver lulure. 509 
for gu^tromiCHtmal ulceration, 4119. 490, 491 
fur Tuiu-sca and dimming, in acute renal (arll- 
hr, 530i 

m chownc rertal fjitiirv, 5Hl. 51H 


hen ia to log is disorders Juc to, 56t, 490 
thyroid effects of. Ml 
lo prevent dap-surie toxicity. fj66 
with puntrcatic extract, 503 
Ciprofloxacin, bronchial pencil jIliui by, Ifc2l 
4oug( f« H IS4C 177u 7381 

itif lepEmptrwiv, 2UH 
minimum inhibitory cnocciyinnncis fiw 
selected organism* fur. 132l 

pharmao 4i i nclic* of. 165 
itiuctu re-act iv it y TelatHiidup til, 1 63, 163 
susceptibility Icvi interpretation for, II Hi 
veterinary u*c of, 162-163. 166. 194 
Circadian rhythm*. speck* differences in drug 
disposition and. 37 
Cirrhosis, diuretics for, 525 

drug ■induced, 45 
Civ,ipnde. 494, 495 4%, 495 
dosage fur. 484t. 73Ur 
fur pjitiwMifli^cd reflux, 504 
for hypocnntrachle bladder, 545 
Cispluiin, 344. 738i 

constant IV infusion talc for. ?69t 
fumvcinidc interaction with. 524 
ottitoxttiiy of. 52 

Citiale phosphaic dextrose, for Muted blood 
preven alimi, 100 

Citrate toxicity, in Mood recipient, 104 
f-kit ligand See Stem cell fatttv. 
Clarithromycin, 1544, 738t 
for Hrlicohat ltr infection. 505 

Qavulani w- an id, tinnchul penetratum hy, l»2l 
|3- ImtiJiiL antibiotic* combined with. 156, 
t 57. See also A m/r nxr/fw^tavjidfSlW- 


miit. rua/t it/ui-tinruJanu a-U 


Clearance, drug, 13, /J 
C km us line r 665c 666, 7j«t 
for pruritus, 671, 672 
Clindamycin. 170 

bronchial penetration by, 182, ]S2t 
dosage for. 154k. 73fll 
efficacy of. pH and. 140 
for jnjcrubjiL iflleethHi, 216 
for empyema, 621 

Fur oral cavity infect tons. 200 
for (Ktxnmveli tic. 18 It 

ifr 

for peritonitis, 204 
for surgical prophylaxis, 2 19 
fur (oxupi Osmosis, 263 
minimum inhibitory concentration* for 
selected iwgamMnt fur, I32l 
neurom uvular Mockers' inter actions with, 
4761 


speennum of activity of. 152t, 170, 25»t 

v trueture of, 159 

susceptibility test interpretation he. t Hr 

Clinical trials, eihkal considerations in, 
702-704 


in human drug approval prueevs 694-W5 
report mg and reviewing. 704-705 


ClohctjcnJ. 65Kt 
Clofazimine, 210 
dosage for, 154f, ftfiSi, ?3Ki 
tMImc, 651 
Ciomipbenc. 680, 7,Wt 
Clomipramine. 462. 464 

accumulation of. 46.1 

advene effects of, 463. 464 

dosage for, 459*. 665L. 7391 

drag internetnews with. 464 

for acral Lick dermatitis. 469, 673 

For dominance-related aggression, 469 

for inappropriate diminution in cats. 471 

for nitcinkig aggression. 469 

for -Ain disease*. 665c. 66& 

CUmarcparn, 433 

as anlKonsulsajil. 446 
as anxiolytic, 466. 467 
dwage fur. 4591. 7191 
for acute sei/we numagemciit. 437 
Clonidine, jJrcnocortlcal eflecla of. 54t 
for diarrhea. 498 
for opniid withdrawal, 412 
irajiMlemul aiEiminiMraiion of. 670 

dorndmL’ hi iniLilJitKHi teat, 6lr jrrata-lh hi irmonc 

defkieficy, 626i, 6^1 

Cloraeepuie, 4.14, 444-446 

as. iuu idytic. 466 
dosage fnr, 4351, 459i, 73ft 
fur iiupcinifiriiae clinuruauLHi in cals. 471 
for nodie phobia*. 47(1 
pharmacolanielic* of, 434, 445 
phcrvohartnial inter act ion with, 434, 445, 
446. 4«6 

Cfatfndium hntulinum 2l7„ 72Q( 

CUfslridum JiffiLiSc tatmus, 506 
clindamycin therapy and, 216 
Clifftnihurn pfrjrin^ens. riltcritih due H. 2 17. 

506, 

nvcTjfrowlh of, m tnfbmmwlwy bowel dn- 

eave. 50* 

Ch fiJrtduwH irMni inlcClkUl, 216-237 
muhtlc relaxant* for. 480 

i'ii'MtitliMiti {Stum Conrad. 77Dt 

Clotrimazole. 228 
aerosol therapy with,, 6L5l 
dosage for, 232l, 739l 

foe ^vpergtllissijv. 2,34, 615 
hpcvtrvm of activity of, 223k. 228 
topical. 662 

Clotting factors, hepann irhihition of, 

HIM 19. U9 

stability of, in frozen plasmi, 101 
Topical preparations of. 116, 116 
ClKtuciUM, I 54 l 155-156, 739i 

>u hcepi ibi In y ten inxerpretaiton fur. I34t 
Coagulation See Hfittomnu. 

Coagulation Cvctoirs, heparin inhihirion of. 

1 IS—119. 119 

dabihty of. in frozen plasma. SOI 

topical preparations of. 116, 116 

Coal tar. 7Hs 

as onttseborrhek, 658t, 659 

an irritant, 661 

for canine seborrhea. 673 

shin Icsioos due to, 53, 53l 
Cotulaixim iviumin Bn), 107-IUS, /M, 7l5t 
doHgc fur, 112u 767 i 
lot exocrine funcreaLic msu t tie leiscy, 512 
Cocaine, intoeicalnwi with, 72(H 
Coccidioidomycosis. 234 

drug wsceptiNliiici of. 22 3i 
nilesItnai, 507 
pulnuiAary. 619 

Coccidiosis. cotiurhm entcTK'. 25b -261, 2584, 
259 


Cod livce oil, 7l9t 
Codeine, 416 

■cctaminoptini wnb. 4L.1 l, 733t 

u jullilussivc, 6U8t, 611 

dosage for, 41 ll. 608i 739l 

rcvc^nnr ccIcvOvity uf. 4ll9l 

structure of. 4(79 
Coauryme 0-10, 579. 7391 
Cokhtcine, 74th 

fut vhfuruL tivet disease, 310 

for nmol ani) kadosn. 542 

Coiibactlhrus. nmnatTil, 2(32 

Colislirt. 171. 1971 

Colitis, bcmorrtiagu: dm- io BacHhi'i 

pttifo rmi r, 506 

due to dnvnbkiA. 333 


neiMXJs, 507-508 

ulcerative See Inflammatory htmpl diwarr 

tidlars. fw antipaiasibL druj; delivery. 6(')2 

skin ion ms due to. 53, 5.It 

Collies, ivermectin louLiiiy in, 50, 597, 59k. 

669 


Colkiidml uflimenl, 651k. 670 
Colloidal vofulionL 84. fl4t See also Until 
therapy, 

for head trauma. 452 
for shock. 590l 

ColocuzaHon. infection vs.. 129. 130 
in (sternal ear, 196 
in hkin. 19] 

ColofiErum ahsorpticm, tniestiriiil piTinejihi] ily 
before. 31 

rompavsHmate use, 696. 698 
Complement, in immianc response, 351 

in immune-medialrd hemolylie anentiu, 365 

in icillammaloiy response. 2X2. 283l 
rnfnpnund A. 43(1 

Compounding, guidelines on, 69H 

Conduction velocity, 556 
Cuniusaiton. us drag metaholism, 10 
species difference* in, 36 

Conjunct!va, nuh-tial! Ikua id. 12Kt 
otsamsm* cau*ing mlccturns uf. 128t 

C\>niciuo%Dess, levels of, ill piun control, 4117 

Conaait. informed. 703-701 
Omtial dermatitis, allergiv. .368 
Convulsions. Sec „Vi;*rr.<. 

Cooling, for hjTierthcmus, 5*8 

Copper, 7161 

inlusK Jliur with, 509-310, 72th 
ascorbic acid for, 484t 
Corn ml, for camne seborrhea, 673 

Cortical ukenuioo, i i j] mis glimConieuids 

Md. 126, 328 

Carortivirua, feline tnfotiious periii.miLLs due 
to. 238C 246-247 

Curncosteroids See Gincp*-vrtk'md(t); 
MuuntlacortM oidt; specihc agen-ts 

CsWhCCwtefOrK. fetx!hack regulalnm Of, 

3IJ-3I4. .114 

Cuftiunrojjm (ACTH), 313-314 .114 

mc&suri-nii-ni of. in hypfradrtnuicomcisjn 
diagnosi*. 646 

in hyptiwfirnciciivrk'ivm dugntisi*. 648 
normal consenErutiofo of, 625l 


fwnvocative leafing wnth. 74fk 

ld b>pctJklreiKxL>r[iL'iMii dutgnosis. 676c. 

645-646 

in h> poodrenocurtiiL-iMCL diltfnoo*, 648 
CoTticotonptn-rekavtng foctnr. 313. 3H 
CsntisoL Icedbstuh re^uiataei of, 313-314 

measuri-tneni of. im hvprrwjmwnitinsm 
diagnosis. 645-646 
normal concenlraliofi* of, 625t 
pbcnyUiio lmci^chkl wnh, 444 
Cortisone, 315. 739i 
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CVehsonc re- . 

Ukft :!• !■ >: (i Jj.1 f Hitts elf. ''-I 

<-'o*oqujn. 73% 

for iwJCi,i*rthnti V Ml] ViJ 
fyt l ,..!hi,i ■. 181 

(‘rnj rHrrrptn. See ill^> ( tithe &irvfnn 
(MINI 

C ‘cmgh. kennel. is 5 * 2 :-%t , 246, 6 I ft- ft 17 

^LTppft^MClfl I'f, MU, ftM ft 12 
fry optnid^ 411. ft11 -m2 
with ftmiK'hul dueate. 61H 
with Int-hfil K)Oi*p< frlft 
with tracheitis. U I ft 
Cmifh reflet. 6fi\ Ml, fit) 

Coununn ikrivoum. Sst aImi S' i, amiind, 
Hwi/tf-m ml 

as iimicvtajiijl.mil, L21 -122 

" ■ ■ i ■ i' ■ ' ■ 'i irnwulm due an. 5fa 

,'I":i M . .;!l> i| Wltft, .1 ’ 

vitamin K for, 11 " 
t’( )X en/ymrs icycltwn ygunaves I. 

-■ effali no. 3(7. f/7 

m n.i' i:.i.. i u .■ sv -p. 283 

rtHlucton nf, by nvaip- 28VJ44, 
CraobciTV juke, fur uiiiuiy Uat-i ihIkiiuil IS9 

ffink'll Hiiitlb Sif f f-nlrui v ivfifm. 

rututmt Ut 

‘-rre* h can" dmgv 592-W 

Ciavun*. ijiIvauUh in with. 72CM 

■r 

rrriiurt, 

Credit nine. wrfliiiL du*«r m 

renal dbaw, 

( KOiLimnc c S^aran^c, Jckc uai^ l m 

nrnuil dihtriL^c,. Zh 

OiiIilj] illnctN, fiam cnnlrcsil in, 42)11-421 
Cmlin \ ditf-iwr See Inflummutitn- tkmrl 

Cmmohn 41 a 73W 

w • 

Criv^matLliiiip. 98 

C('fiTLvipilJle. ifud'■ :■ ■ i"i ■ for. IW 

ptrrpuftLlMet jtld >4DQ|t wl, l UI. If Jit 

Cryptoti 223 l 233-234 

I -.. i n a ■! .. ft 19’ 

CryplorthidiMn. ft82f. 687 

Of) iHnpiUUk. 507 

Crysialloid colnEi-nvi, 13-M M= Sec alvo 

thud fheropv. 

f[>r. :i-i- i-..i \ nuy iuiKin, 592 

Ibr ■ c .a: tmumji, 452 
lor -tak. 54% 

t'uliurt and seisceieiNJuy tc%iiJ30-I39 
drwc calculation from. I37-Ift<, l.*ft 

■ '■■ anarriibc*, 214 

for '.n".' infections, 223. 22M 

tnicqxcrmidn of, 111 — I 47. |32i. J.f.f, i 34i- 

1351 

rocthsul* fine, I Vl-l.ll, tMt. IS! 
wtonvicil, 137 

repetiDw. m cv»lwiiJn|! n:spnn\c to therapy, 

148 

Curare. nii'i■.,iii'a' ‘with. 11 h 
Cudiing's svndnmw See 
t f . ;•»>■ rifarr fij 1 k 1 1 >n U r.uR. 

Cyanide . irtlmi .i i-'i with. Till 
Cyanutfitaljjiiiri t iiiamifl B 4, 107-itlK, JOft. 

7151 

ikKa^c 'it, 1I2i, 7391, 7ft7l 

for «r-tenw patwreuif ■ sufficiency, 5] 2 

C>cIk jJco*3vich: mono phosphate. in minlrul of 
airway ediber. ftl>2. IV)3 
in myociinJnil con mm lily, 554. 533 

in vj* "i Ian Mniii-'! 1 fflwlc 4Tr qi.tilirv. ^^7, 

5J7 

ryelk ime mM^’iionphaic, cm ^nnirol of 

jirway dilner. 602.1 V)3 
in vaik'ular ri. - :h i :« -.. I" «v.«|tmcli icv. 11 57, 
55 7 


Cyelkinc, 414! 49K6, 73% 

< lIociti ygcittHr' .’I lOKiitutiiJ'i 1 cff : ‘-i' ivn 
317.3/7 

m i nUftammadory Tc^pooic. 2B3 
infarirnim of. hy NSMDs. 28V2I4. 2H5 
Cytkiphospbimide, atnidiun-uc hontmru 
ucinnioa aid. 32fi 

an iTinrujnLMippftvianr. 359 

dmuge for. 3541 73% 

lot cancer, 3 W» -^37 

lor feline infectious penlonitis. 247 

for immune mcdtulcO hemolytic uncniia. 3ft5 

for prittphipi*. Jftft 

for pij]nv>rw\ gfjLffolftTOi-'wfk 620 
lor systemic lupus erytlvm ilnsui, V>7 
C> clo-iponnc. 355-358 

adverse effects of, 35ft-357 

Ah imiiiu.tv.'Ki 4 ffrt-v,w>f with rerml iran^Unu- 

i i -i M3 

for. 3S4i. '40r 

Jitig nuemcnofis wirh. W 
calcium channel liliKirft, 364 
for immiinr-iwdialHl Imunilpic anemia, %5 
for inflartuDdiic bowel (liuau, 368 
»ith hiexjin i ei h iMHie. 3 S8 

keltKuiu/de wiUv 35ft 

i-arnl ' ■,r>iiS)>\i \ Of, 3 >7 ■ tjfSt 
medumsm t-i octkm of 355—35ft 

pluniucolEincticcoC 35ft 

structure uf. 353. 355 
Ihcniprul e monrlnrinf of. 65l, 357 
t ydolhiii/ide. 741k 
Cy prohepliidioe. u wit'eft ate. 488 
as ^iprtilr slimuUni 48.* 

AaMge for, 484 l ft26t. 6651. 7401 
for hype™^ m woilKicm, ft2ftt. 617 

fc>r r^fiiraintjf 41s<sve. ft 11 
Cystine urolithiasis, penicilLrninie fur, 5211 

unw rLiilily and, 52ft 

Cystitis, IR5, See alte f rmu-i irt/mbwi*. 

feline intemiiidL 547-548 

hem ■ nrh as; it. due t o eye I £ i pftr up luun Hk. 317 

Cy Mi,, owxrun hdiculaf, (42l, 684—ftJti 
Cyiiirahi tic Ics'ii^inc arsifti nmndf 342-343. 
74t* 

Cythioau;. ftftl. tfti, 74fh 

CytwbiuiM oftiyniev.. 10. See alwu> 

Jr upmttaboUjittg. 

(hymkl litseaM 'i L'! I , l l >■ no, 2K 

Cytokines. 571-372 See *lco specific 
cytukmec. 

cloned cun me and fclmc< 172t 
till immune feeportetf, 349. 33dt 

;;is Mrpdc chsock paihnjtcne&is. 3W 
mhiftiurs of, 372 
(Ktmcnclunflv of 371 

■ccrplim for. $72 

il'.v ii ftni.oi huirun. 392l, 39ft 
crTOmcfcuiily iiailaftle. 372l 
C,M«ii :ic ,ii . b h fcyLn:jhinek 342-341, 

74« 

Cytmouc adwnr drug real lions. 41.42 
CyttHtuk drug' See Antffaneer tintg*: 

C h i moi hf rafn; f pet l fi l dru g » 

Cynonnic ftvpcrsenciiivity rrictim 44. 

352-3:53 

|‘l i'll i V4'. 3ft5-lft7 

* >kHo\Kily. a ntihrtJy -dependent ed] ■ mediated 

(ADCCi. 351 
cetl-mechaicd. 35u. 15 L 

ryt^otiiii. ;; . ■- ■ i - ij n i..- ’r..y ii vase due to. 2f)2 

o 

DaraHwine. 33ft. 74lk 

Dalijwinyt'ln i *.linomyon Du Ml. 73It, 740t 


Daluil x hi lull on. 253. See also Sodium 

I ojnvH h fa n ie I tofaach l 

for wound anUiepitc. 257 
Hanantl, 35fl 

adnemxortiL-aJ d'fwft of. 34t 
dticage f«r. M L2i. 7401 
foe irniuotK-meilialeiJ hertiolylk; itneiiua. 365 
for ihmrnbncytupema. 115 
Uunihrori, dosuje ftsr. 4 k4i 
D antmlene, 4HO 
dusape fur, 543L 744k 

for fdinc urdogic j h'iuu' 548 
for hyperftmic urethra. 54f 

fee ititfius, 217 

nmruttMwuLir fatucketa 1 tMeraetiEHis with. 
47-fti 

Daptone, f 9ft, ftft5-666 

dosage for. I54i 232i, ft65t. 7-ttH 

for (epruiy, 19ft. 2I*> 
fof rhinotpohdiosaitH 232l. 234 
rkarKieiiW, 740l 

DDAV P tdeicttv i|«rtsifii, ftV] 
dosage for. I L2r. ft2ftr. 740 
ftp: diabetic insipidus, 62ftt, 631 
for hnthMasi'i. 117 118 
prcftixative wstmg with, in duateies- iosip 
idu^ dtugmHts 651 

DOT edKhbftpdiphen t lit ichlurterJimj, 

phenymin tmencuom u iih, 444 

DctiriljcsIJnls. fttJs&t 6:4 
i 11 .... 11 -ir• with, 721i 

Dectryumate, 74f.lt 

I H-'. t. jI.i .Li. inappruprulc. in c at it. 471 
Deleft ■- iimifte mesy I aft■ 74ot 

Ibr shock 5%X 

tteprorcatiw join I diwc, : 5 ."97 

diveM^inodifying tigenfti for, 297-301. M. 

m 

glucocorticoids foe, 324 
netiydratbon, detemvining degree of, 8% Sll 
doe to otmwtic diuretic. 520 

IMtytirochplic acid. 4H4t, 740t 

fur ehrtmiL llv^r disease 5::6.D 

for di :■ ■ 11 « diHitdeft, 503 
Pel e. i - AJIupl i vx. 40t 

Demeclncyduie. 740t 
Pert hid ex.' p u j^noTHh«d. 674 

tvermeclin fie. 6651 

miJhcmycLit for. Wilt, ftftU 

PtttiukeiHA. is vehicles for topical drugs. ft57 
Dental) pnjrtdurrt, atfitabieft.. ptophyUixtr fur, 
200 

Uentydulif scad, hepahiuticity of, 47 
Deoxyvnrtricwteronc. adrenocortical effects .-of. 

Ml 

[Xcuiconicmtcnone acetic. 7401 

fur hypwlimiKvttirisIti, 62/4, 649 
DwtycwlinMlmjne pivuiilc, 322 
dusage fit, 6264 74fi 
far hy pvathnuicociK'ism, 626t + 649 
Dcprenyf. Sec &f.rgi l Jln*r 
DennMilis. acral lick. 469, 673 
ithpc ctmtaci. 3*8 
druf ^uiduoed. 53 
I Xnruminyodm. 3ft 7 
Detmaluphytuus, 231-232, 674-675 
mpicul Therapy for, 662 

hmilalmns tif, ft' 1 # 

Derm at os i* growth honnonc^ tesponsive, ft5ft 
psycbcgetiK. in cats. 472. 672 
in doji, 471V471 

Dermis. 654 
r>mfturane 4 4101 
Dcsipranune. 4ft2 
Deemnpresiin (DT 1 AVFk 654 1 

drwjgc fee. II2l. ft26l. 74ft 
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PeMnufutwio i C D A3 P i fCVirrrjBurrfj 
tiir hci invfudiix. hM 

Cor htmofir. 117—11 ^ 

pruM-v-iHiu; icsiimp with. in diiibelei saMp- 

ulm dijgnmiv 651 

I imi.v . ti5ki 

Dc.m« \ L\utkmAcrtme jet late. 7 411 

P 

lor hypoadrcnoccvticiHn. 649 

LfcMoxu-imk-uslemoe , m.iLiie 322 
dflMIgC I £>r 62M. 7411 

lor hypu;kJi. i i •..* • i: k 1. 626t, (4^ 

hc^truclivc Nrhavior, 470 
IVlttgciUs utto’civJlfori ■*nh, 7JK 
Dcimviv 11 ■.’ 's1 11 y. 544i 545 

Dc v.:i :fu* -. 317t, 320, 3 2 ] 

Mlrenncortleal effort* ol. 54s 

«f ■ i: i - v 11-’i , 4M 

do* age for. 354i, 562t. 61)6 l 665l 74 u 

Ilii b^ilcnyl niclliDgitiv, )"?T— J 7K 

for HHff, 346- M 7 

lu lOE(J1 : il ■ ■- i- 1 '- -■ . I-. ii trail i..l 374 

for he mo rr lu ;g k . hoc It, 3(J6, 125 
1 ir liiuii line-mediated hemoJvtLC anesu.i. 

m 365 

for immune ■ mediated thranboc ytopema, 326 

for CiiAiLriurutiory Nt**-] iI sca.sc. 134 Zi. 
5fJS 

C>t Ic^fKJriiH 1 wldlL 3.SS 
fm Mfpdc shuck, 306, 325 

for thoracolumlw disc euruuor, 453-454 
r 1 1 v 11 v |nin inforactuH «nlb, 444 
Dcxamcifunone tupprevonn test, to 

byperndrer k on »c*srn drapnc hh, Wfl 
D^^panLht-rH^L 7411 
IfosrajoAniw. 7411 

m ■.: (.l.'i i 'I- ' ' L ■' with dOtOfUMcifl. 340 

I. hcKi-.i ; M, 74 I t 

i ■ ■ i ■ iIV infusion, rale fur, 7fi9t 

I or shock. 590. 

L - almamphtfonVulc. JtiH, 741| 
for hyper* 11 »’ii )r. 471 
DcrtwiiieLiiriiphetjrriiifo. dOMge fur. -59i 

[ :•■• II:. .: i- i i: i 1 .1 , 6061,4 | 2, 74St 
Dcrliw. 7411 

for hyperkalemia. Hi acute redid failm .. 

5301. 531 

for -iSfXr.-S ,T. .1 ft, ‘I * 

fur Iritei di. case, 93 

for oliflunc rvrul failure. “Mi 

\ ) j'. r ■ ii. Mkluliuns of, for .i,. :. rend 

ure, 510-Ml. 53tfc 

insulin w dr, for i»* ■m-A.,!. i u i H7, ft?i 
54 lltilnw m wjtff i|)5Mf). 84, HSl 

m Uc\ltvst in V.u*cf tDIUW., H5t 
1babeles ins i pi dm, 326, ftlKMt.5 S 

(hiu/jJo for, 521 k 65] 

DI a tales me Hi (UK. 636-644 
i :■ -. i r n. ,r.' hi of, 636 
cnmffiscflU«n of, 617 

diagnosis of. 636-637 

pluiriiVLWlKuidi iind, 3 15-316, 3J7. 328. Ml 

'i■ v|"s i..11■ ■ 1 r ^ >r i 1 . i ■ i . »ilh. 641, 647 
b> pniMiwrlH i > • iikefi*ic, Wl 

in mi lir> for, 626L ft 3" 640 

■cninfdic^pnrpi o|. 64tlMh4 1 

oral .i - i ii • • for. 643-444 
DiaNeUc kenacniwlm 8'2. 6ifn, M2-M3 
fluid iherapy in, 93. 642 
[>ijh ms 541-542 
|nrri'-'-'ii. ■. 541.542 

fm pcritoaiiit, 205 

LJijminopynmidinev See al- o Tnrntrfittfynm. 

nlEihuiruii of action of. 2hf> 

fesiMaikC 

■ LI. I*. 'I .1.Bil.' ■ wilh. S« .y/rMll2«U(b.1, 

potftutMed. ipeifitK combinaiioDHi. 



iTiardWn. J96 M99 

,t- kI-'vis doe |;>. SI 

xutf, Stt-506 

fluid Iheiipy \-c. 92 
antihiot... .i ■ v I 201 

haefer* al. 31)2, J[I6- -307 

chronic. 50 7 

H Li id Oierapy for, 92-93 
due to large intevinal disease. 507 5<« 
ifrai. 3(if» 

I'm. 11 ': - ', for digeMisie iliMnkh. 50? 

Diuiuniaceuuii earth, m tnacuiitan with. 72 It 
l>iiiicpim. as anliconv'uiiiirif. 4 44 -416 
as iinudjtk. 466 
as ^fipciilr slunuliinl 4B2 

n chrome renal failure, 5341. 53H 
as moMilc relajuint, 479. J-M> 

as prrjnciiliftit mnheaEiOvi. 426 
comtiini IV i.rttLl ;iuft rale for, 7691 

dosutr for. 4L3i. 435l. 459i. 4R4i. 5Ml, 

5431. 74 St 

dnij; inlcrjcliow with. 479 
phcnMoin, 444 

far acute seizure man age men l. 43?. 444 
445-44* 

for chrnalc m? i litre ciirnrol 4 39, 444 
for emer^eiKe delirium liter erKihnbM i lat 
lines the sue 427 

tor IchOc Updiijic liyiklniOlc, 5*6 

for bypeTVHiic urethra, 543i, 546 

for idaptTnJpnaUr elimmalMvi sti t..via, 47| 

[or invicive pitveditres m critical ilines*, 
4>f> 

for nuisc phi^uis. -IK) 
t™ social imaiely in cats,. 4 ? 2 

Soar Sctiiaiu, 21 7 

for irk,yelk xntidcprctsanl poisoning. 4M 
hcpdlLrioucLly of. 4ft 47, 466. 471, 4EL2 

paretittrai voimions of. with. 2th 

ptimtiactdoceties ol, 433-434. 444—145 
MTUCtUir ol. 4v”4 
thyroi ) edecls of, 54s 

L 'i Ir , 66? 

DiaioMdc. 7411 
DLchlnphcnamide. 7+H 

Dw IdprxIrpkenylirH'hlaux ihane ilMi. 

pheni [oin interiKlion widi. 444 
Didikii^heitc, SblJt. 2691. 275 
toliicrte wish, 276 
I itch iw vok, 2htn. 269s. 273 74 C l 
Dk Loijcillir, 152s, 135-156 

tliwajp. for. 1541, 742s 

fur p>odcnna, 194 

phiirmaietsfc.iiteSKs ilf. S57 

suwrptibtlj' v 1.34 me: y-i c:,l' i.-r: for. 13-4t 

Dicanuml, J 21 -122, ?42t 

Blednamsot nf vliiifl id If? 
phefls ion- nl-.--.i- Ii ir w .iji 444 

DicycLomiiie, Hi anliemeiie, 4H7 
dosagi: for. 484i. 543s, 7425, 

for hyperemuraciile bladder, 544 

nilijLm IK llie. J4? 

ritcldiLti, pheiryloiii iiiL:qrlu)n lfci'.h. 444 
I ?url commercial, appmvimalc nulncnl content 

ol. 53Ti 

drug interactions with 19. 22l 
in aclile i ft failure, 5 -2 
tit chronk renal failure. 532-536. 537i 
in glunieruJaf disease, 541-542 
llicthykiuijimizjne, 26M. 27? 

(knage for, 3621. 742t 
for hriLtlwDfin discjnc. 597 

for huiwoini diuAu pmenlun, 273, 597 

mIbeadtmk wiih, 276 
-4.il. Icunnt Ju*. 53. 5?i 

DicthyfuiIhrunol. 6KI 


I hi-:| - \ !3Ii|h£ %tro| {'{wilinut'til 

diksife for, 54?i. 742t 

for estfus bduction. 6fl2s. 68.1 
fuc hypototiic urcUtfu. 34.ll, 545 
for urinary mcontinencc. 687 

i uppru^ 11 .i:Lftf [if, 6 JUiE, 6H9 

I>.fFusion passj«. drug mm emen l hy, 5 6 

1 1 .11■.>:.i .I. ii.. 6511 

Diffcmcm 164 

d .1 «ge fur, 1541, 'Mil 

fur otxeoniNcliiii. 1M1 

pflarniacui inrtics ol. i65 
-dructm-actisity rrliiionship of, 162, 16.1 
1): 1 1 [I > r t-ci > .I- 1 ' 574-577, $?4. See .Jmt 
iMgiUtJtiti. ihgpxim. 

arlilicts W'- therapeutic mofiitoring ol. ?2l 
inlt>\kJliun with, 571. 576-577, 72ll 
lip now ] lactone inter*'turn vmh. 523 
Du'ii.-tfcin, 577. See idsu . 

clink’d tttacy of, 5?i 

lioMi^e lor. 5621, 742c 

[• r-.-iiici.r - ■ |u 1 11 ■;n of. inlcriK'Lioo- .. 3ft: 

phunuL»Lmclks rrt, 575 

phmytoiTi tnlrrarlMD with, 144 

thrrapcalir miHiilfiring of, 577 
1i - -1 ■ >. i 573, flt S*,i‘ flic Digituli.1 

r/vrmijr i. 

clinicil cffKucy of. 575-576 

dty-Hir U* r 5621, 742i 

drug inienctioos with. 575 

rakitirn itumrl Muckers, 564 575 
diuseucK, 522, 524, 575 
phnKHhiw ties 4*1 
ijulniilinc. 569. 575 

ihsa/idci., 522 
for *hal l]brilLHic.ffi, 3H7 
for dsSialod cardiomyopaihy, 5H * 
for oulnl valve im Lillfcc .i' tl y, 5S0, 5HI 

indiciirionv fw 576 
intcijcanon wuJl 576-577 
mechuniHm of cUlhi i I 574 575, 374 

phami*>ihtnetie> of. 375 

varuhilisy pf. 68 
case studies of. 66, 67 
stiuctune of. 364 
thm peutic ituimiorijif t?l 577 

pducctJure for, 613 

tcfcrcik's cku for, fok 

I>igoj,in Pah. 577 

[ hh> drvwtrrpiomycan, 16(1. ?4Jt 7w* 
DihvdrvU^chyslcrol. 632. 633 

dWiige lor, 6 'U 7-71 t 
for h y popar a it l y r n y k *. m . 634 
1.2 ^ - riiNj’ilroi ychofocdcif^R»l tcaJi ifnioi). ft.i.f. 

634 

(kKigr for, 5 .Ml, 626k ' ?«£ 76fll 

for hjpcrpnralhyotidiviiL in chmnlc renal 
failure. 5 Mt. 5 39 541) 
for h^popareEliyruidiw, 62hc, 634 
DllaKd cardiDniyopaihy, in 343 584 

in J vs 5S1-5S3 

|7ihia»m r ts aotianfiyttHnic. 572. 57.1 
as 561-564 

constant fV infusion rale for, 769t 
eyefoapemne mierariion w ith. 356 
denage fnr, 5 »4i 5621 742i 
fsir dilated cdrtfininyopaihy, 58? 
for hypertenuon in chronic renal laifurc 
534c t 539 

for hypertrophic candiom^Y |M hy. 5114-585 
Ktniccure of, 564 

hiniMifiydlfinare. an . ■.■n u .■ :■ J ■" 
dcHijc for, 60fU r 742s 
for r«p» rotory dircawe. tfffii 
Dimereaprel iBALj. 3:54s, 742c 
for gold LhdaiHNi. 360 
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Dimtdiylrtilfoutte, 302-303 

as vehicle iftT topivuJ drugs. Ii57 

dosage fur. 2#4[. 742l 

fnf jnihr*.'> eline eitrmvauiiiMi, vVn 

for otitb e&Eemu. 198 

for renal amyJmdosi*. M2 

(or lhuk. 590t 

intmve-iicular. for lower tin run' iraci dis- 
cjae, 549-550 
DimtnuciK accurate, 7421 
DuHfWUt (TUtncLliajllunf. (uf pregnancy 

termination, 68(1. 686 
(or p pome Ira and postpartum mctntis. 686 
Diuciyl sodium sulfosumnule, *841, 66E. 742i 
DipJku iniHiir rodenticidc, hair lilt: of, 121 

vitamin K for putoaiiig by. II7 

Diphfminil mcthykultate, 742l 

Diphenhydramine. jm utiuttncik. 486 

klw amphotericin H administration. 226 
dougc for. -IS-it, MUt. 665i_ f42i 
for allergic rhimii*. 60Ki. 614 
itjf hchivitimJ mndificaikifl. 468 
for skim di<ejse i 6654, 666 
parenteral solution* of. inters, bun* * ith. 20i 
structure of. 48? 
topical, 658t 
Diphenoxylate. 416 
dosage for, 4K4t. 742a 
for diarrhea. 49R 

Dipbemihciijnsnnn See fttorvtata, 

Diphcny hncihane t ithiniet, 501 

Diphcny lltusHarfia/sine. 74ft 

Dips, for anijpanujiic drug delivery, 662 

Dipyridamole. 123. 743t 
Dipyrtwte, 2841. 743t 
Dimntanasiv See Nmtnxnrm distait, 

Disinfwuaiu, 250-257, 23 Ll See die 

{hmnfn'tum: specific agents. 

■characteristic * of, by chemical i)pe, 251 
2.M 

defined, 250 

for canine diviemper. 245 
for canine parvovirus 245 

for voroCui virus. 247 

for derm at ophy tun*. 675 

for infectious canine hepatitis, 246 

fur parainfluenza virus. 246 

ntiHmicily of, 52 

targets for. 257 

Disinfection. See also DisinfttMttis: specific 
agents, 
defined. 250 

factors affecting, 234-255 
procedures fur, 255 
fbsk diffusion method, for eullure and 
susceptibility reviing, U0. 130 
Diuidwm FJJTA. 743l 

Disuphenul, 743 1 

Disofn ram idr. 562t, 570, 74li 

Dispusi Lkhi of drugs, J-13, 4 13. See also 

jpfiu m*u ctit itvtk u .t. 

determinants of. 6-13 

one-compartment open model of, 4, 5 

pathologic faciors affecting, |9i, 25-29 

piumvacologbc factors affecting,18 25, 19t 

Sec alw Drug: mlermln ms.. 

physiologic r.ictors affecting, Nr, 29-37 
specie* and breed differences in, 35-,16 
fwo-compartmem open model of. 4, 5 

Disseminated nUravirvLuiaf uul 1 u L hiJ on 

heparin for, I I2t. 121 
in heart worm disease, 594, 595 
m infectious canine hepatitis. 246 
in septic dunk. 205, 206 

Dtssi *u ill i * c anesthesia. 427-42K 
Distemper, ca/une. 2384, 245 


Distri huhon, drug, 7-9, S t 9 

drug interaction* involving, 22-23, 23l 
from topical applkalion, L9J 

■n pediatric an i in a L ,7|t, 3J, 32 

m plasma conceit iiul ion vi. tunc curve, 4, 



patients uf, for jiaunucrubiMis, 142-143, 

1421 


■species and Need differences in, 35 
lo bone, 179-180 

lo brurtchtal unions, I8|, I S2l. 183 

id central nenous vystern. 177 
to skin, J93 
Distribution half-life, 9 
Distribution rale constant. 5, 9 
Distributive shuck. 89-90. 588-589. See also 

Sfptk fboeit 
DilhLuiifliflc iodide, 743l 
few hrariwcwm disease, 597 
Diuresis. Sec also Diumtks. specific drugs!, 
fluidnavcrlivid, for polyline nrrul failure. 90 

fur acuie renal tail tire. 529-531, 530i 

for urinary tract infection, IH9 
nmrik, for oligunc renal failure, 90 
saline, for hypercalcemia. 94 
DiurctKV See tel so Diuresis spec live drugs, 

classification of, 517, 577. 5)9l 

drug ml cruel ions wiLh, digOXul, 522. 524, 

575 

SSAtDs. 522-523, 524-525 
faclorc limiting response to. 518-520 
for curtiovis. 525 
lor Jibied cardiomyopaihy. 5W3 
(or bciin fiulure, 525 

lor hypcfeuleemui. 635 

lor mlracramal hyperlensxin, 452 

for nnlrjl viiJve insufficiency. 580. 58i 

for ncphnxic syndrome. 525 

lor pUllmiftJiy edema, 620 

high ceil mg i loop), 5/7, 51 9t. 524-525 

decreased fCspuHIsc Tt>, in Cirrhosis, 525 

for heart failure. 525 
thiazide mreractmn vAidi, 522 

■ndicaiions for, 517 

ovriHKic. 519t, 520 
for kw remd Failure, 529-530 
pvXassium-sparing, 5/7, 51*8, 523 
simeturev of, 5/.*f 

ihentpeulte u*e of, 5I6-51K, 5/6, 5/7 
thiazide See Thm.\ide dituvtk.i. 

Dtvulpniex MKliunt See lijfproic tu rd 

DNA, 384-386. m 

KM.ienal, untimicrobialii targeting, Hi. 14} 

152 

rtuormincd qulnolonc*' effect* on, 163, 1M 
DNA inununizalkm, 397-398 


PN A hguse. 387 

Dubcmians. diLkd uinhuniyopiiithy in. 582 


Dnftulami ne, 578-579 
cnnsladt (V infusion rale Iik, 7ty9l 


dosage for. 5621. 7431 

for diluted cartliumyopullty, in cals. 583-584 
in dogs, 583 

for shock. 206, 579. 5918 

parenieml voliiriiwi* of, inicmcikwi* with. 20| 

Ox'iJiecaenoic acid, for pruritus. 672 

Docusate sodium. 500. 74 3t 

LhMititunce-ie lined aggreufan, 469. Sec also 

Aggression 

Dunipeindone. 484i. 495. 743l 
Dnonfv for hit tod. 98-99. 99| 

blood cidlecuiHi trum, 99-LOO, 99 

for hone mamrm, Kl5 
Dupumutc. 457, 458 

*s imwropc. 578 

st instant IV infusion rale few, 7691 


Dopamine (Ctmlmuetl} 
dosage for, 53t)l t 562t* 743l 
for acute renal failure. 529. 5301 
for ibnek, 206, 59tfi, 591 
in gavtnc motility, 494. 494 
tn vomiting reflet. 483, 48ft 
Dopamine agnnisis, 681. Sec ulso specihc 
drug*. 

for esirus Indus tism, 679, 682 l 683-684 
for pregnancy lenninamm. 686-687 
Dine. Sec jJmj Omm# np^immi. 

adjnsimeat of. in canhix disease. 28 
in Over disease. 27 
in renal divea.se, 26 


With phiiMUiKtA iik'Eis purilt, 6«. 741-71 

without phafiiucokinetic piotilc. 71 

cah ulaEioci vif, 13-14,710 
liaiicd on btdy surface area, 16, 333-334, 

333t 


fur utrcumulatmii drug, 16 

for iuiiitanccr drugs, ,333-334, 333 e 

for bltxid jdmmiMrjiiiKi, 102 104, |02i, 


loading. 14. 15, 436 
calculation of. 64. 88 
ihciupcuiic drug mom ton ng and. 64-66, 

65 

mainieftanoe. t4, 15-16 

Divse-revpiiftNe retaiinnvhip. 3. J 
iXnjcig intenal See also Dosta# recewnritA 
adjustiiKnl of, in renal disease. 26 
caicuLatino of, J4-I5 
elinunaticm ball-life and. 14-15. 434-435 
lluLlLulmn id plasma ccinoeniration and, 

14. 15, 435 

in drug accuniu I ai urn, 14, 15-16c I5|. 435 
Doling regimens See also Dt*s<; Dosins 
interval. 

cuts s-Species cnirapulalHMi of. 35-36, 37-38 

filed. 13-16, 14. 151 
fumudiia for cakidauag. 68 

recommended, 7334-7751 

tnal-iunJ-crnr imodiitiLjLtLxt of, 60-AJ 

Dmihk-burst stimululion, for nruresmu wular 
hkvluidc mofiilonog. 477, 478 
Diuacufiuni chloride. 474t, 475-176 
Dotapram. 743i 

Dcnepm. 462. 668 
dosage few, 4591, 665l 
Tor pruritus, 671 

few psychogcnu.; dernulosis, 471 

Dosorubicin, 339-340. 743t 
eitravitsjHion of, 335. 340 
heitKHTtMgk col iii> due to, 3 35 

tiposomul deliien system for, 379-380 
pure n ter a] Mifumms u(, inlcrwctkwis wilh, 2111 
poiycyclirw, I52t, 169 
bronchial prnclmlkui by, 182. I82l 
consiam IV infusion rule for. 769i 
dosage for, 154^ 1771, 7431 
fur hfuccllosis. 207 

fur dwUchiowx 212 

for lepinsptnvsis. 208 

lor Rucky Muumiun spotted lever, 213 

minimum inhibilory concent rat ions for 
selected iMpanlsriis t'uf, I32l 
purenteral voluikwi* of, inlentctimrs wilb. 2(8 
sltm- release prepiuauun of, tor pcrtudonlaJ 
disease. 200 

susceptibility rest intcrprctaiiuo fur, I34t 

Dots lamme vuccmalc. 74 h 
Dropemkd, 487, 745t 
Drowning, near. 620-621 
Drujb vk apprus nl process fur. 694—W6 
cuvls of, for animal drugs, 696-697 
deli nod, 694 
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l>rugt>) (Cmri/mrdi 

generic, 699 

generic and trade name* of, ?2ftl-730t 

Litphan. 696 

■ ch f di l f . 411-412. 699. tmi 
Drug bnloti^menl Agency, reporting ads erae 
scheduled Jnij? reaction i to, 701 

Drug in ter act ions, IS-25 

ljm’ viudkc of. 64. 69 
m therapeutic dru^ monitoring, 72l 

phumaLCuUcil, I8-22. 20t-22t 

phjinn.suvdymmic, 24—25. 241 
pharmacokinetic. 22-24. 22i 24i 

iJnjjf mitiiiMonj; Stt Tht rapeutic drug 

maaltorimg- 

I hug-mcthboliziiif cnrymes Vc umicr 

Eow^ 

Dusting powders. 657 

pituitary 650 

Dynorphins. 4(17. 40ft 
in ^aviroinlf stinul OKI, 497 

Dystocia. 68 2l, 687 



Ear. cletMing of. for <Kiij> externa, [9ft-197, 
199 

dtug ’ induced disease of See Onwjtfdlv, 
in I cvtmn of. See OtHit entries. 

Fair nine*. 199 

ivermectin fflf, 665l. 669 

lehixjrJN^iijty, in dilute J cardiurmuputh? 

aues&tiKnL, 582 

Ec/eiruiluu* dmiuciLi*. drug-induced. 53 

hdcma, ecnc-twuJ. See Ctrrbml rdt-mn 

pulmonary Sec Putmiumfy vdttmi 
trea[nv,-n< of, 5(6-417 Sec a I *11 Diurrnu 

Diuittkt: spec 1 Ik drugs 

Edetate See £DTA 



t-afrophofi ium, 484L ?43t 

lor mjfjuiheiiii gravis dLngnosuk, 484t, 503 

lot neuromuscular Nockadt reversal. 479, 



EDTA (ediylcnediaaiuDetetraacebriel, as 
germicide. 25/, 253 
calcium disodiunu, 737i. 743i 

parenteral! solutkiK of. interaction* u uh, 

2CN 

disudmitl. 7431 

sodium. fur bspetc ukemu. 6261. 635 

«viih Tns buffer. 253 
for Wilis e \ tern j, 198. 19Hi 

Ehrlichiosis. 211-21 2 

E icusiun lid* Sec also PnfsuiftUtndmt r.i 
in In II . 10 unalory response, 282-283, 2#2 t 

283ti 213 

in keptic shock pathogenesis, 304 
ptun arid. 407 

Eicosapenuvnoic acid. 666 
fur pmniuk. 672 

for skirt disease, 667-668, 6ft7i 
Electrical nerve stimulation. luf ncun muscular 
hfockudi: monitoring. 476-478, 477. 478 
UecLfucardiure raph *. in hs pcxtaJcnu a 

diagnosis, 531 

Elec musics, 75—94. Sec also sped. Ik 
clccirtiyic*. 

cofiikosJeotidv' effects on. 316 

renal warwpnn: of, 515-516. 5/6. 5/7 
therapy with, 85i, 8<E-lt7„ 87| 

lUckinaixvIunikul d issueiation, 593 

LJi^oortiyofrapfiy. for evoked rsspuftse 

measurement, in neuromuscular blockade 

iTHKUllM'in]'. 478 
EJecttDpuratioiL 391 


Hi roman on. drag. 11-13, t2. /i. Sec also 

Lu rTtKli of drugs. 

antirrucmbial efficacy and. 143 
in plasma concentration s s Tutu; curve, 4. 

5 

lihmmauon half-life, 11-13, 12 
calculation of, from therapeutic drug mono 
ronng data. 45, 68, 70-71 
doting interval and, 14-15, 434-435 
ilun lush hi ut plasma amcentratioci jnd, 

i4. 15,435 

in drug accumulation, 14 15-16, 151,435 
therapeutic drug mom luring and. 62 67. 65 
tariahlii) of, case studies of. fifi, 67 
over kuunc of incilmcM, 38 
sample collection for identifying, 68 
volume ol distribution and, 8, 8, |3 

Elimiuiinn rale mutint. 5. 11 

Emboliun Sec nlsu 
in infective endue aid ilis. 20.1 
pulmonary- See Ptilmtmen fmhttftsm. 

Emesis. See M^ndinf. 

Emetics, 483-486 

Emetine. 743l 

^jTKdlicnts, as vehicles tetr topicnJ diups, 657 

Emphysema, 61? 

Empyema, 184. 621 

kmuJ.su.tns. a> vetncLes fur topical drugs. 

656-657 

EMipriJ. 565, 566 
dosage for, 534t. 562 1 . 74 3l 

fur diLued LJidjomyopalhy. 5H3 
for hypertension, 586 

in chronic renal failure. 534l, 539 
for mural valve insufficiency. 580 
structure of, 564 

Encephalopathy. hepalic See ffrpotic 

i'fli ipfiolopalhv 

Endocardium infeeiise. I Hi. 202 - 203 

Endocrine system, disorder* of, 624-651 See 
also specific disorders, 
drug reactions tnvoIsLng. 5^55. 54i 

Endometritis See a|si> Meiriiis. 
bacterial, 190 

Endorphins. 407, 408, 408 
in gasirnintcstinal rract, 497 

Endoihdiin, in hcvi huluiV, 559 

EndoThtflium dcmed rdaviug factor. See Virnc 

*> xuir 


l-ndotnsic shock. See Srptic \h,*k. 

Ethlotoiia, 111 1 ides use k-tkliivirJin*. 203 
m pciilofuiis. 204 

10 pyvHttelra. 190-191 


in septic shock paihogeocsis. 30* 
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of pertains animal, 29 
opioids' eflfeeli on. 40 
*ccretiori in, 4U6 

drag* suing on. 496-501 

ulceration of. 5(14 

due to NSAIIX Ml. 287-2WX. 288, 289, 

504-505 


glucocorticoid therapy arid. 319. 326 32^, 

.12 8, 504 

h L*umi tie • ■ receptor untagooisli fur, 4#fl. 
490-191 


in none liver failure, 3419 
in chronic liver disease, 510 


pj[huet)y*Kikfcy of, 48X-4H9 



ironolKKmr and, 523 


ti-CSF. Sff Grunulprsl* n>lrm\-3ftimiila$ing 

factor. 

(jells). ,i* vehicles toe topical drag*, 657 


GelfoaiTL 116. It6 


Gemfi trail. 746t 

Gene t 'liii dehvcrv, for UNA ■miiium/.thnn, 

397 


Gene therapy. future direction* in, 39ft-399 
Uneuc drugs *99 

Generic name*, irade name* and. 72(4-7301 

GeTtelii engineering. See Jtn rwift^ietfir 

rex' y. 

Getutal iraci. haetmal mfectu»ns ol, 17hi. 

190-191 


nntwwJ flora of. 12&I 
(jcfitanucui, 139 
adverse react urn* tn, 42 


acmsol therapy with. 6l5i 
dotage for. 155i. 1 77 l 746i 

dine .uliuxlrmfii fur, in pcihamt animal, 53 
in renal disease, 26 
for xXili* eMrrn 197i 
for surgical prnphytaxis, 2J9 
for urinary tract ml return*. 187t 
inieneive fluid therapy with. ea*e studv nf. 

70 


minimum inhnhilnry eoncrmration* for se¬ 
lected organisms for. I32i 

nephmtovkily of, 42, 161 
lurnsemide and. 329 

pnremera! sotuikm* of. imcnclion* with. 20t 

relative efficacy of, M3 
slruuure of. 159 

susceptibility icsi mterpretuiKHi for, I35t 

therapeutic monitoring dim for. 63t 
Genliiui vmlet, 233 

Geriatric linimitJ*. defined. 29 
drag disposition chungcs in. 29-Ml r Mi 


GcrtHiic animal* (CmJintteJj 
npimd pharmaenkinenev in. 4 It) 
pain control in, 419 
CietmKidcs, 250-257, 25It 
charactemiici of, b\ chemical tvpe, 251- 

254 

defined, 250 
selection of. 254-255 

targets for, 2Jf 

use of. 255-257 

Giandiwft. 258i, 264^265. 264. 485t, 507 

Gingivitis. c I iniLuny cin for, 9 70 
glucocorticoid* for. 325 

GLA ly liihilcnic Kidi 666 

for pruniu*. 672 

for skin disease, 667. 66?t, 668 
Glass, drag binding to, 19 
Glauber's salt 5U0 

Glaucoma. 52It 322 
GlibcndanUde, 6261, 644 
GIijh/hIc, 626t. 643-644. 74#x 
Glomerular di sense, 540-441 

Glomerular fjlirjiuwi. in drug eynotion, 10, // 
pathologic (actor* id resting, 23 
Glomerular filtration rate, species diHeiences 

in, 36 

Glomcruluncphrifi*, 340-341 

t ikimenilcxlLibtilur balance, 76 


Glueaguai. ihisugc for, 746t 
in glucose regulation, 636 
GliNxioortkctiidi s>. 313-32K Set also specific 


agents. 

adverse effects of, 326-327 
nr renal failure, 538 

altcmaie-day therapy with, 323. 326. 664 
anlidiuretK bntTnonc s^xretiiKn -ithI. ^26 


anti - in llamuuti irv cffccLs of, 3l6t, 317, At? 

as umicancer 1 drugs, 346-347 


as antic mcLiLS, -IJHb 


before amphoiem; in B admimstralion, 226 
carhoh)drate metabolism and. 315-316. 327, 

139.61] 

central nets out system toncity of. 5 It, 326 
cufUraindkations to. 327-328 

endogenous. reguUthin of, 31.1-314. J/4 

for joijte jniKtritilis, 511 

for asthma, 6|7-A{8 

for baciehiJil meningitis. 177-178 
for camne distemper. 245 

fur chrutuc liver disease, 510 
for diarrhea, 498 

for feline chronic progressive polvjrthritis.. 

368 

for lelme eosinophil*, gjanuluma somplec. 

325. 503 

for feline iHfologiC syndrome, ,547 

fnr gustnse^iphagea! reflux, 504 

for g bine filial disease. 541 
for head trauma, 452 

for heartsnorm disetue, 394, 593. 596 

in cais. 598 
for h vpertuilcemui, 635 
for hypnadrennoinici*m r 648-649 
for inflammatory K>wd disease. 508 
for ohtis emerrai. 197t. 198. im 199. 323 
for mins media. 178 

ftw pemphigus. 366 

I or pens iiidiaJ effusion, 588 
for prunius. 670. 671 
ill combinalion therapy. 672 
for respiratory dueise, 323-324, 6081, 619 

for rhcumairad arthritis, 368 

for sepsis svndromc. 206-207, 325 

for shock. S9, 306. 325, 590t, 591 
in fmrvovinis enteritis, 306 

for *kiu diseases, 6f*l--665, 663l 


GLucocorucoidlsI iC*fttiutarJ) 

fur thmacoltimNir disc cxintsion, 45,1—454 
gasiruimevtj nu] ulccnuion and, 319. 326- 

327, 328, 504 
hepiiuUnucity <rf, 45, 327 
immunosuppressive asTions of. 306, 3l6t. 

317-3)8. JI&. 327 
indkitkKis for, 323-326 

inlerierence with hvpmhidEmuv-adrenal ails 

by; 55. 323 t 326, 327 

ml erf ere nee wdh thvmid function by. 54i, 
55. 327. 629 

meduniun of aetioa of. 314-315, 3 Id, JfS 

mmcrakx orticnid activity of, 316 

hs pivjdreiKvisrtiyism ireat merit and. 326 
structurt' and, 319, 320 

monitoring durmg El^^npy wnh, 664-665 

pharmaaskiKtics of. 319-320 

physiologic effects of. 315-319, 3l6t. 3/7. 

318 


prepunitiorH of, 317t, 321 -322 
*'6epcr 321 

receptors for, 314-315, 3141, 3/5 

rcsistance to. 315 
sci/nrcs due to. 328. 439 

akin lesions due to. 53, 534 

structure-activiiy relationship of. 320, 320 
therapeotH' use of, 322-326 

ihutf ide inieracikm with, 523 
topical. 32 U 658i. 661 

for pruritus, 670 

wTihdruwal of. 323, 326 

GJucociRticciiil rcsponsise elements, 314 
Glucosamines, for <Meoanhritis, 300 
for septic anhnUs, 181 
for unnaty tract i nfrclion. 189 
Glue li vc See also tirxtnnc entries 


hepjiopnnettise effect of, 502-503 

in crimmcreial fluids. I5 e 
in extracellular fluid iwiiuilality, 76 
metabulivm of. 636 

glucocuiticoida and. 315-316, 327, (41 

unpaired, due to triamterene, 523 

Glucose tolerance tc*is. 6261, 637 
Cilu,ta«4ll. 74m 

o-Glucosidiue inhihilixs. for duhetes mdlitus, 
644 

Glucunmidaiiun. in drag mciabulism. 10, 10 
species dffereitcs m. 36 
GJuLimaic. 458 
tn hnun injury, 450 
GluUraldehy Jc. us gcnnacidc. 252 
Glutaihiraie cnnjug-itmo. feline susccptiKlity m 

methemcigkihuieiiiui and, 37 
in drug metabolism, 10, 10 

GluuthiEinc perovidtase, tttehruin and, 502 

Glytmitide. 746t 

Glycenn. u cermtimolytii:, 66] 

as diuretic. 52 It 

as vehdde for topical drugs, 657 
dosage fra, 5Ill» 7461 
Glyceryl guaiacclitle. 746t 
Glyceryl mnnoaccLiic. 74fit 
GlycsihcriKigJohin mcasureiTvnt. m insulitii 
therapy monitonng. f*Mi 
Glycoproteins, m iraclieLihron*'hiail secretion*. 



GlycupyrmLaie. as jnueraetic, 48?. 
as bfutwhodilaiof, 604. 6081, 610 
as peeaiaejitheljc medicflttoo. 425 
dirsage for. 484t. 608 1 . 746* 

(or tetanus, 217 

puscnlend solutions of. mterucoons with, 201 

Glvcosiinitifcngl yeans, 118 

ill uflicuLair earn lage. 2%. 298 
puls sulfated, dosage* fw, 2H4s. 758l 










(inlet - 787 


Glycosafriinogl)care t ( 'tmimitni) 
fur okeoanl iritis, 297-299 

for septic arthritis. 1*1 

for unitary I me I mlWiiim, IP) 

CM-CSF. See (iramtloeytf-mavwtphitRr 

i ohm v - j/i wi aJa/J *g factor. 

GdU eompninds, >Mi. 359-360, 746t 
for pcniffii^uc 366 
skin lesions due l a, 53, 53t 360 
(kHtadal sicnadi s-1, 679-6*0 See -ilso specific 
item. 

commercial availability of. 6$I 

GchiaUI slcriwd inhibitor*. 6Sfl. Set also 
ip&i he agents 

commercial availability of. 691 

i kxiatkirr I in, 6H I 

Gonadoln vpmr i I, 679 -679. 6 7H, 679 
cbofiHiivK;. 738k 74frt See also CipuiW rhon- 
tmh: tonadotropm; fltunurt thoritmt 

$fitustit>fri>pw 

i omircri Ltd availability ol, 681 

for fit bur induction. 6*2i, 683 


inappropriate u*e of, 6*8-689, 68 Kl 
(HKiaduLripm k-lcM-.u'iit hormone, 677 


commercial availability ot. toil 

Jt«.agc for, 746t 

for r ry pi orchid# un, 6K7 


l-.ii Cfttm> induction. 6*1, fitCt 


for follicular ovarian cyil, 685 
for oWllalury failure. 687 
for v itcui.il hyperptaM*/prolapse, 685 
Gtniatki(nipiri-releasing honntiOE MOIoudvv 

677, 6*1 


fdr benign proMatk hy pc rp la-sit, 6*7-688 
tor euni^ induction, Ml I-683, 68 2i 


irLippliiplriJlc use of, MK-MW 
tiradicnr of intestine. 497 

Grain staining. 129, /29 
Gnmivlmn. 746# 

Granulocyte* *>. See Nct*inrptut& 
Granulocyte enkmv-stimulating l 
377-378 


Hi 


dotage for, 759t. ?46t 

recoin Inn ji: 1. Lamne. 333. 393, .W 

fix ibeimKlicrjpy nrlalcd myekisuppics- 

sion. 335. 377 

human. .335. mi 393 
(itatiulacyle-macruphiigr cokwiy-ttimu Inc my; 

fuel or. 13 3. 37* 
in immune response, 350t 
recoftttoiuiti. canine. 392 l 393-394 
human. 3921. 393 

Gramikjcyiupeiua. Ike MythituppFr sshm, 

\futn*p^niii 

Granuloma, lick, 469, 673 
(iranulrsmatosiic, pulmonary, 619-62(1 
Granulopoiesis. picmlh lot Uari influencing. 113 
Gmnukhpnieim. rtCtiffl bin an I human. 

hemal ufogic disoiders due lu. 56 
Greyhounds, as Mood ttonon. 9* 

Gnseofols in. 223t, 230-231 

cenrral oervrtu* system lonoenry <4, 53i 

dosage for, 2321, 665L 7464 

for dcrmuiophytosiii. 23 1 , 665t. 674 

betnaio logic disorders due to. 56t 

skin k^i-nns due to, 53, 53* 

slruclurc of, 224 

Growth hormone, disorders of. 649-650 
insulin mis lance due to, 641, 649. 650 

rwnul concemrtttofl* of, 625t 
rccombiniml. bovine. 3*4. 392t. 394^-395 
canine. 395 
human. 392U 394-395 
therapy with. 6261. 650. 746# 
thyroui effects of, 541 

Gmwlh retiJLjritu *n due In glucocixlicoid*. 327 


(itMufenendk as eipcctorant. 614 
as muscle felaUAt. 479.4*0 

dosage for. 7464 


H 

Haitucuuycns, intinjcation wilh, 722* 
Hafoptndol, as amicifieik:, 4*7 
dosage for, 459| 
for payctugnic alopcsia. 672 
Hakxltane. 429, 74A{ 
hepomioiikity of, 45 
dtyimd effects of, 54t 
tfamamelis. 65*1 
Knud hygiene. 256 

Ikad injury. See Crmml iwrwwx system, 
fruuma to. 

Ikan. See CVmflfr entries 

Mean lailurc. apprtsachcv in irealmcm of. MSI! 
diuretics for, 525 
due re doambaesa. 3441 
fluid iherjLps in. 91-92 

purhophysmlogy of, 358-560. J59, 565 

right'sided, uilh imtral valve insufriciciKv. 

581 

sp iruoolaci one for. 5211 

ifua/iik's for, 523 

Heart race, rcguLmiuft uf. 567 
Heartworm disease, 593-59* 

Jtspixm III. I lit. 123+ 595, 596, 611 
heparin in, Il2t+ 111 , 594^595, 596 
lu cals. 59* 
i n cati. 59* 
prevention of, 269l 
cKXUll. 594 

puthopJmiolu-0 of. 593-594 

prevention nf. 597-59* 
dieiliyluirbania/iiK f«, 273, +597 
in e*fc, 269t 

in dng.v, 26*1 

ivermecim f<x. 26S-269, 5624. 597-59* 
is etttxv liti- p\ r jji Lc I for, 276-277 
milhcmycin fur, 269. 5634. 59* 
moiidectin foi, 269-2T0, 56_3t 597, 598 
•damectin for. 270. 597, 59* 
screening for, in animals on jaevoiuive pro¬ 
gram, 597 

treaimcnt of, 274-275. 594-597 
assessment before, 594 
Heat shock protein. 314. .f/J 
Heat Himkc , 91 

Heavy mctaJ iiiUisicalinn, 7191 

fftlimtharirr species, giUtHHiNCitfinal disease 

md. 201, 5ii5 

giistnnntfstiruil ulceraiiun rind, 4*9, 5(15 
inflammalor) hnwd disease and, 509 
H el muni h infeciions, 267-177, See iko 

ifmirt*wrm liit-eun': speci tic daiigs 

nrvenicals for. 274^275 

hcfirinnda/oks for. J83-27Z 
cofiihi nalKMi therapy for. 275-277 
in eats, 269l 

in njog*. 2ft*i 

isu^induiKi for. 273-274 
macmlidcs for. 267-270 
otganoplKisphates for, 273 

piperazines for, 272-273 
prevalence of, 267 

pulmonary. 619 

pyraniel fur, 272 

Henmtinic agems, Ifif 116, Sec also specific 

agents. 

"shotgun** preparalions of, 110 

Hcrtulisnl, in lluni dellcil esEirtiatHUL, 83 
Henuitopuiesis. 107 

eye be, crjouJixvtc colons -sUmulaum!; factor 
for. 377 


Hemal iptiicsis 

drug'indiced disoriJcts of, 55-% 56 r 56 l 

See ol^i MytUsmppmMmt. 

I i,-n 1 . 1 i.i ijnnetM, growth fistorv, 3^6-378 See 

also spectlic agents. 
itaLortibiJiauu 391 -394, 7V2, 392l+ JV.I 
Hernaturu. kl i> ipcithic feline, 547-549 
HemoharlonelkhLs, 213 


Hemodudysis. 541-542 
Hemog Inhin, as acid buffer. 77 

feline, susceptibility of, lo imdatNKi, 36-37 

few hkfcsd replacement, 749l 

free, scilutions of+ as bhiod suNilutc. 105 

min m synthesis of, I09-M0, f(J9 
Hemolysts. due ID dimethylsulfuthk, 303 
due lo trmsfusmo, Itu 

Hemolytic unemia. aiubolic aiefuid-i for. 115 
due id hy puph(M4.iphateinia, *7 
imnnine-mediated, 365 

glucocoeijcDids (or, 326 

Kertmrthaei" See alsu ifrnvM/airj. 

due io heparin therapy, 120 
due lo vilairun K antagonist'.. 122 
dunng surgery, correction for. 94 
ga&tniaimtin^l. id chitriw: liver disease. 510 
shock due lo, 89. 590i, +591 
glucocorticoid* for. 325, 326 
HcriioiTlu^k cotiiis. due to dojiurubiLLn. 335 
Hemorrhagic cystnk, due to 
cyclopbosphamide. 337 

Hemorrhagic enterocolitis, due Us ffaciilui 

piiifarmu. 596 

Hemorrhagic gatstmemcntis, 5fJ7 

HenoHdcrih. if» vnarige ■*. 109. 119 

Hemostasis, disorders of. See also speulic 

disorders. 


in acuie liv^r failure. 5tW 
in gkmKrular disease, 541 
drugs for. IHV-118. f/6. il? 
drugs limiting. J Lit-123 
interleukin 6‘t effects on, 376 
pathways of, 115 

phcnyiofn*? effects <m. 444 

puly sLtlf a ted ^ Ucovaimirhiglv cans' effects on, 

298=299 

Heoderviin-Hasselhakh equation. 77 
Ikparifr suifale pruteoglycan. Hi 

Heponn. 118^111* //*, 119 

constant IV infusion rate lor, 7691 
dosage for, Il2t, 120-121^7471 
drug inactivotiDn by, 19+ 120 

for cotlecied blood. 100 

lot Ik arlworm disease. H2 l 111. .594-595, 
596 


in cats, 59* 

hcmalokigic disorders, due to. 56. 

in septic vtRKk manage.mnl+ 2tJ5. 

inteniebons involving. 2t*. 129 

low-molecular- weight, 11*, 120 
nonanxieoajplant use of. 111 
Dvenkise of, 722t 

poHamirte for. 117 

sanicturr of. JO! 
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thyroid effects of, 54#, iftj 
ifunsiucm lo warfarin therapy from. 122 

Heparin wfonwll. 118. IJ9 

HcputiL hi*h mi (Sow. chaoses m, m caidiac 

disease. 2* 

in liver disease. 26-27, 27l 
1 imiunion of drug metabolism hy. Kh 26 
Hepatic disease See tAver tluirase; specific 
diseases. 


Hepolic nseephalopaihy. 34W 

due lo osparagEnase. 346 

tide lo carbonic anhydr,isc inhthiors, 522 

due lo Fuinscmide, 524 
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Hcptfk cncepfitertpaih;; i’OurjjwrtQ 

I i' il k m lito, VHI 

prevent wo of. in IT j 4 therapy Cor livti - 
rase,. 93 

IfcpudiL ;if-:■ '■ ’ drug i.kju^llL. 45 

Hepatic nvlahol ism, hwavulahiHly amt. ft- 7, 7 

drug latu**, te i. v'iti g. EO 

drug inlcrjctmes involving, 2 ' T A 111 

i : i u ri . .ii mi..I 2900 

in fe\biMrw dirndl. 32-33 

pjdhiKl njfiL lacton jJJccling, lit 2 27t 

ptUhCv of, Hi 10 

jA(I hrwd <1*1 Ictcncra 4*. W-.l* 

Fl. " v ■ i■ i- chronic. 5fl9~5in 
drug - in tinted n -iS 
mtovtwus canine. 73$t. 245-246 
He peine cl litlw cwcutorrta, dw m arwKivlw 
1.1 i-I 1(4 

JVpdtnPiicilyi 14 4?, 44i 

<rf .i. rtartunuphen, 3ft, 46, 47, Iw 

i- r-v. jfid fa?. 4fl4r 

C# .iii.ru K sicmtdv 114 
of 4ifli4wnvuli»i«. 4'-4’ 46. 434 4^9 

. 'I 'I. i i' *;:,i Mu - ' „ 466 

L>f • r-|' .l-| iST 

of dktzqwn. 4b-47, 4ft, 471, Ml 

I I ilswsethyi-i li-iiid.■ VJ3 
[if glucueurtkouK. 45, ,127 
nf iBLliiOM'niirit. 595 

oi phe«uMM.il. 45—46 46, 44 i 
of phcfiytow, *5, 444 
.4 ;•>- knutonc, 45. 442 

uf ihiuicmttide, 47. 596 

HTjlmrnl ©f. 510 

It .■■I n : ki. ■■.!•.. i ermeciin fcviuiry in, 50. 

547. VfA „ 

\ lope ii jafei-ikut, prill.r. 247, 396 

HtTpewMiiMrs., drtigii active ii'.n’i'f, 240-24? 

Hddutlin. I55t. 157, 74fi 

liin I. 1l MS iJur *5, 57, 5S 

H;u !...-. h :tij .1-■ Methyl :.trrtl I- H4. 74?| 
constant IV ml ihmd fate for, 7fcflr 

for shock. $9, 590i 

ft it volume expansion m nephrotic »yn 

.1 I - !.: 9| 

llrkiiehii mipht i ■ ■• ■ J11, 254 

ceoUaJ nmmis system tuiiiLly of. 5 1 [ 

He uridine, for'Urgical antitepw*. 256 
Htppunc atnl, fs.ir fdme ufirti'fte j-yndrume, 

547 

H 1-1.1 T.n■?.. Ill •..' mrill ft airway caliber 602, 
6tll 

ra jEVlfk acid wnlmn, *H9, 4ftV 

in -I.-: ,n|\ lespon*. 2J12. 283i 

in mpiraiorv i .k t infomnufltett, WM, ftO-5- 
ftlft, 605t 

m vnmihn i' ictlfT. 4*.', 47*6 

release rtf. due ib opiuidt. *11. 412 

•structWC of, 4H~ 

H.-■.. i me.- i.ii .!'i j ,i. mh-.i - See 

ArittJtT*utinmrn specific (tram*. 

1 liMMiiM ,-rtMfilor nriupia.ii. Set iIm 
sped he drug*. 

I •:'• -i and. ‘605. 606 

lev ulceration. 4%9. 490—491 

in short bowel syndrome nmuenncnl, 507 
with pn/ysTi- Iwrjpy ft^ nivnne pulcmtk 

insuftidciK:)' 511 

HialopfesiTVHt^, 22^, 73 3 

intestinal, 50? 
pulmonary, ft 19 

Hovk U’oniiH. ilmpi Km. in cats. 269l 

m i ■ i - - 2t>8t 

HonrroruJ therapy. See also specific honiwu» 
ftwinj* Hen, 62 6t 

for snirmifKiTONxluiKiCkii i. T5V Vi3 


fkwmfsnal therapy iOw»n*rJ> 

fcyrndurtrYc, *»ve Repmducifw tw*rmemi; 
spocidc a|scnh. 

din lesions due to. 53 

► i ih rti'iiftilbiquii pr ■ xJ .k is. J92t. JW-.19S 
\ lospiul Review rotnn mee, 70.' 
liumin dwnonh; gnfudutrupin. 679 
ram mere id ivalihlily of. ftjll 

for n>;iiin hhli -.i-i 6«S ? 

for ouiH induction. 6JM 

I't luliidilu ovarian 4-yst, 685 
ftr hypagofijidi'iw. ftW 

fiM Ovlilatlury l.r.iur;' 6fr4 

fur vriginaJ ir: jm rvf'JuWfwulapse. 685 
Huewcbni. feSfil 

1 i-.- ii.-r.-r.,% Kiel, dosage for. 2m 7*?t 
for oMtnathfitis. 2V9 

for Mpk: anhfllis. 181 
HyaEaronidartc for \ iota alXaloidi 

Hbithdikiii, 3.15 

Hybrid i «rt'fio ; oockic acu! .187, :WW 
Jlydrakune, 5ft I 
e- for, 5ft2i, UTi 
for Alatesl cafdxMiyopalbv SM-* 
f«r hypcrtcrwnn, 5Sft 
eft chronic renak : iu.li ie. 5Ht r 539 
for racial valve inMifftcmcy. 5*ti. 581 
Hydwnnf uiifnc. as ippeUle djrwknt. 4#2 

Hydrocartton ba*«, as vdnek* far topicaJ 

drugs. 636 

Hydrochkifnlnuide. 5l9t, 522 

dosage for. 52 It, 747t 
ipironolacKHK with. 521x, 768i 

HyC nx hi ilmlm, 501 

Ilydiocodonc. 4lft 

an ••asti .tU's* ■ ve., ftfflt, 611—612 

ik)‘.j.c fW. 4591, Mmi. «s5t ?i?t 
for bdurviocal moditicdioa, 4ft8 
for skin diseases. 6ft5t, 668 
phamucokiuetii^ of. 410 

H^fcwurttsmie, l*7l .321 

adrenocortical effects of. 541 

before amp hoterid n i admipTstnUKut. 22ft 

HibUnl IV infawu nCr foe, 7(Wi 

dn«g r i of, 3171, mA 7471 
fo< hypoadtenoeofiki^ni 626? 649 
pares Lera I «j)n.iftscci of m tenet kh» «ith. 2ft 
inpacaJ pnpaniions id, 65Hr 
Hydrogen ton pimsp in putnc acid sccrrtinr, 

*89, m 

Hydrppen m pi rip inhibitors, for 

gasirainlfKtiiuJ uJccrMion. 491 
due to IPs., *U SEJ5 
Hydrogen pnoiide. » germicide, 254 
dosage Kmt. 4*4t. 747| 
for emesis rinduclion. 485 

in ftsmto injury. 305, 30 

Hydrulyw* k drug im^ii^nv 10, H 
Hydmsocoftalvnin, I fib. See also k?imwM l„ 

i* lipotropic atftm, 502 
5- Hydros jidcfc' aktfemi. rt.O, ft ^4 

for hypofttaibytotdism. 634 
Hydroiyelbyl etveh. S« Ifdaibm li 

i ft \dm vwtk vl Jim -ft J l 
Hydrmywea, 343-344, 747| 

Hyihmyziix, dosage for, 459t. 6081. 665U 
747l 

for hcharkml nxMlifkaCwn, 4ft8 
for lespieaftory divctuc. ft<18l 
fur skin ilnase, 665 1 , 666 
Hynscrne tsdifialHiiinel. 486—487, 7ftJr 

traasdcrmsit tfminiilnitkin of. 670 

Hyperactivity, 4ftS h 471 
HyperadfettoLUtk-nm. 6*4-648 
cealDpfic^tons of. 648 

Adm nellitus with. 6*1, 64T 


fI ypt radrv: iux rttniflai fComnn*W,i 

diagnosU of, 645-646 
insulin minunit in. 641 
pnltKipfi y vh 4osy w f 644-64 t - 
Ertarmcitt of. 646-648 
Hypaal^eHja, 40ft 

HypeiftuiK ».-i- lit therapy, lui osteumvciiljs, 
180 

Hypeioalcenua. due to cukitru.4 therapy m 
■ 'Tii’ii. mul failure, 540 
Ho»d ihnapy lor, 94, 633 
fun.iscf.uk- for. 94, 52 It. 524, ftl' 5 
m . i-. uk- ftnat ftnlore 531 
in hypcrporathyToidisni. 635 
thiazuleb and, 523 
liypctctiknnia ot malignancy, 635 
Hy perch hire mu. 79, Hft 

HvpefcMoremk mcwKHic acidosis, 81 

HypifrviMjuljK4e Male, in glomerular diwur. 

541 

Hyperdynamic slice k, 89-JWl, 588' 589 See 

i irpfli ift •-. I-. 

Hyperglycemia, advenu riTecis of 617 
brain injury due to, 45 i 
iwa Lin induced, 6*0 641 

pervistciM, dubetn -:vlljlu» due to. 637 

Hyprrkakmu. 801 80r 

ihie I-. pnta.ui.um-xpanng ihmchci. 523 

due to tpiroaolnnonc 523 

ekL-tnvMdiugrapluc litutuigs in. 531 
in acute- rente failure, 53fh. 531 

m liypnatliTBcicniticjftfTi, 8tl 

fi’ it ir.cn I (if, 87. 67ft, (49 

in nr- Oil il obsttuctKin. I 

ircuLncfit of. 87. &7l 

hlypemxigncscni j. 80-81 

Hypcmu tr e m iA, 7g. 7(h 

due Ip osmotit diurrtKs, 1 ‘2H 

iroalmcnl of. 86 

Hvperusmotor ruitlmtc dubclrt mrlliEuv 

M 3 

Hypcqrairjthyinidi'im, primary, 635 
sccoftdary, IndtnntK rente fiiJurc 534i. 
339 -,Mtl. 635-636 

HyperpItoH photo one, 80 

11vperphofipluiuna. in hypcfparathvrokli^iri. 

635 

Hyperwmitiviry. 352-353 
cnntact Lkrmatmx (kic to, ,36k 

hypostfow 1 c nwn therapy for. 669 

mpnuy dD^ast due lu. .365 
in cuts. 4IT-618 
in. dngv 6 It 

to m iofnkrcfciaK 144-145 

to as pa agmiv, 345 
to aspirin, Jeukouiene* vuL 285 
to dfttp, 43—44 
cutaneous. 52-53 

lo lub£td utgjfnviks, 222 

to ^hdaffl amcibwiitTi, 157 

r. ■ tetracyclines, 1W-170 

type L t immediate h 4344, 352. .*52. See 

also AnopirvlaMii. 

creaimeiH of 364-M9 
type LI fcytino^Kk 44, 352-353 
tmlmflit of. 36.M367 

type III (immune cntnpfci disease I, 44, H3 

%km k^isj»s, in, 53 

ireaimenii of 3ft7-3ft8 

iypc fV (delayed! *4. 350. 353 
trcafment of. 3ft}S 

11 JjHl rtli i art, 585—58ft 

due to gUnroom rods r 327 
erylfarofXHetto iKcupy and. 111 
fii*Oiteinjde for, 521 1 . 323 
ftythuchknuthiuide fur, 52It 


py riqhtcc 
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HyikHt^riui fC fwiMMiigrf J 

in ciminii: renal failure. 5}4l. 538 5W 

in glomerular disease, 541, 541 
in renal disease, 585 
inlncraniiL 45J-433 

due to head injury, 451 
due to opioids, 411 
in hepatic rncephalrtpalhy, 509 

pulmonary, 620 

vuiti mural s iilvc insufficiency. 581 

Hyperthermia. 588 
brain injury due bo, 450 
malignant. 588 
daovimlttsc for. 4KU 

Hypenhyroidbnn, 629-632 

ranlHWnytijXilhy in, 585, 629-630 
treutmcnl ol. 631 

drug disposition change\ in, 2S-2V 

hypertension in, 585 
pathophysiology of, 629-630 

tre-jtment of. 630-632 
Hypertrjphk: caniknyqpafty. 584 585 

ne-p alive chninotriipo for. 579 

NypL iHMinLLiofl. for inifitrjcujJ hypenentjim, 

451 

respiratory alkalosis due Ui, 82 

Hypers ilamiimsis J>„ 6,35 

Hypervolemia, hypo naif cm id with. 79 
Hypnosis, 407 

Hypcjsidcvnociwtieihin, 64&-&49 

acute mi a duo hi, 8 \ 

corrected hypcrthluirmu due lo, N6 

gtucixmrtknid* for. 326 

hypciialemiu due lo, 80 
ireul merit of. 87, 649 

Hypnalbummemia, ciIcuIuj ing deficit m. lor 

plasma infusion. 104 

doc lo chronic diarrhea. 93 

in liver disease, 93 

in nephrotic syndrome. 91 

M^xakciiua. after surgery fur 

hyperparalh jnoidi vm, 635 

due It* cv-cssite ]itM.ispbiw|i^ admmist rodswu 

17 

fluid therapy for. 93-94 
in acute pancreatitis. 511 
IE) acute renal failure, 531 
in hypopoiTiilhyTuidisni, 632-633 

parathyroid pland an response to. 63 2, 633 

Hypochkircima. 79, 86 

Hypoglycemia, brain injury due to, 451 
fluid therapy Ton 93 

in distributive shock, 90 

insulin-indueed, in diabetes iticLLitus. 641, 
643 

Kypojtoniklisrii. 682l_ 688 
HypoLalcmia. 80 
due lo diarrhea, 93 
due in liutosemuk, 5*4 
due lo tlna/iJev 522 

potassium cilrale for prevention of, 526 
due to vomiling. 92 
m cardiac disease. 92 

14 chronic renal failure, 536 
in diabetic keitucidnsis, 93. 642 
m liver disease. 93 
treat men i of, 86-#7. 87| 

Hypomagnesemia, Hi> 81, 87 

Hyponatremia. 78-79. 78i 

due to cranmtic diuretics. 520 
furoNcimdv for, 525 

in cardiac disease, 92 

treatment of. 86 
})}fKTpj.r.ilhymiJisim. 632-635 

Hypophosphatemia. 80 
in diabetic ketoacidosis, 93, 642 


11 j |h ‘j a i, cue mu t VtmWtmd} 

m IlypOJMfilhyruhlisiii, 635 
treatment of, K7 

Hyposendiiiizati«i thrrapv,. for allergy. 669 
Hy ptHensiuq., due to opioids. 411 
due lo phcnrtChuuincs. 461 
with brain injury. 451 

Hypol baton in. hormones See jJso specific 
hormones, 


reproductive, 677-678 

H\[T.Mhudniluc pituLLuey-udien.d axis, 64J 
cytokine regulation of, 318 
drug reactions involving, 53-55, 54t 
in ghicnenrticutd regulation. 313-114. ,f/4 

sup press km of. by gl oencun m *d therapy, 
55, 323, 327 


Hypothermia. lor head injury, 451 —152 
Hypothyroidism. 624 629 
drug disposition changes ml 28-29 
pathophysiology of, 624-625 
treaimcnl of, 62IMi29 


Hy povcnoliiikan. respiratory ucidoott due to, 82 


Hypovaknua. hyponatremia with. 79 

Hypuvtikmic shock. 89, 588 
flueocivtieoids for. Irt6_ 325 



Ihuprofen. 295 
<k>sa.ge for. 2841, 747t 

pajEhtnnicsIiniJ disease due m. 50. 287t. 295 
phitrnua. ofogic effects of, 287 
Idaruhtcin. 340-341, 747t 
IdutunJiiK. 239, 240. 74fe 
fat ocular herpetic inf ect to". 247 

fmkUclopridL 663 

1 m kfcrate derivative*. 223t, 227-229, JJJi 

Set aJiwi specific drugs. 

for candidiasis. 233 


for ikimiiiiipfitliiMi, 231 
rtruclure activity relationships of. 224. 227 
Inutkcarb diproptonale, 7481 
for ehrlichiosis. 212 


trmpencm. 452t. 156. 158 
brunch ial puetHioa by, 182. 182? 
ecntnif ncniHls system lomily ol, 5 1. 5ll 

dosage for, 177| 
efficacy cf. pH and. 140 

for anaerobic infoc lions, 216 

for clvm«‘iherapy-related infection, 335 

for peritonitis. 204 


for pyoihoras. 184 

purenflenil solutions of, imet action s vsi th , 2lft 
pharmacokinetics of, 157 
Inupencm-vdaMalin, 155l, 748t 


niinunum inhibitory conceniraiiiins for 

i ’lecled ovganivms fur. t32i 
Miiccp ability lest intcrpretalion fur, 135t 
Innpraimt ■. dhjsage I nr, 4 111, 459i. 544t. 6Ti5t, 


748i 


few hypei conrructi k bLirkkr. 543t. 544 
for pain, 413*. 419 
for skin diseases, 665l, 668 
structure of, 462 

[niniohiit/amui. for thurai nl u mb,u disc 

erlrusioii. 453 

Immune compter disease. 44. 353 
skin lesions in. 53 
near merit of, 367-368 
Iriu 11 unc response, 349-353, 350t. 35Jf. J52 
antigen prerenlntion in, 350, JJjf 
cellular. 350, 35/ 

cellular components of, 350-351, JJJ 

cuiuriecius, 192 

fflucwo'fUcnid'' effects un, 318, 3/9, 322l, 

327 


Immune tespniisc - ti twimrd* 
humural, 350-351, 351 

tmcsiinal. 201 

rnwispecitk components of. 349 
NSAIIK’ effects on. 286 

soluble compoocnts of. 351-352 
viral effects mi. 354 

Inimunodericiency vtnn, feline, 238t, 248-249 

immunogenicily. of pmtdn and pcplKk drugs. 
391 


Immunogkibulintsk 351-352 
human, 362 

dosing regimen for, 354l_ 7481, 749l 

for immune-mediatLsi henadytw; anemia. 

365 

ImmunfflTHxluliUnrv See fturh^iv rev ji 'W 
modifier*: specific apentv 

ImmunofSiimulantii, 353, 36? i 164. See oho 
Budotyc mptmse muriiftfrx; specific 
drugs. 

ImrauiHTsupprcssanis, 355-360, See al«> 

AioftrgH Jripfwirf modifier*? specific 
drugs. 

for flumemtar disease, 541 

indication* for. 355 
priiKipks of ihcrapy with. 355 
wuh renal tr am pt an taftion, 543 
Incontinence, Luiuory, due to hypcntKiic 

Madder. 5441, 545 

dm - bo hypotonic urethra. 544t, 545-546 
hnrmnnad therapy lor. 682t. 687 

IniianJjimes. % uitULikigulaiin. 121 

& rtKkeikides. 117, 121 

lodmnethac rn. 295 

Infections See alee* Amma ntbuil theriip*: 

specific irtfcctmes. 

bacteria]. 175-219. See disc' 8m If rial i nftt 
turn*; specific infeclKMis 
cancer dremoihcnpy and. 334-333 
cidoni/Jiion w„ 129. 130 
in c Mental ear. 196 


lit dun. 19] 

filli| d, 222-234. See hJmj FxAgul injection *, 
specific infections 

gluitjcurtiixiid therapy and. 327-328 
helminth. 267-277 See also Hfartworm dit- 


easf; Helminth infections, 
no&ococnuL 130 

organisms causing, by site, I27| 1281 
identifbcaitiofi of, 126-139 
pn-ls rriicfobul. LEimbmalion anlimicmhial 

therapy for, 147-148, 147 

proturoal, 255-265, 25«|, 507 See il*0 spt- 
dftc infections. 

hcketiswl. 211-213. 506 


viral, 237-249. See Jm> Viral mfn tton.%; spe 

cific infcclicins, 


Infectaoiu tr^heobrciocbitis, 18.1 r 238 l 246, 
616-617 

Infective mdocudUo, 127u 202-203 
Infertility, due lo articanccr drugs, 336 
■diopatbic, inappniprraie horrtMtuil ihciapy 
Tor. 688-689 6K8| 

Inflammation, ai mfecuuu hile, 139, 140 
gfucocamcoids' effects an, 316, 317t, 318, 
SIM, 3221 


hepann's influence on, 119 
in o&tcoanhriiis, 296 
in p>Lxknn;i dcselopmenl. l tJ 2 



n antibiotic pesieLraiiuii and, 157 

mediators of, in respiraiorv disease. 6?J4, 
005-606. N )51 


paihophysiolofy rtf, 281-282. 

Inflammatory boueJ disease, 368. 
cu'kisponnc fw. 358 

f lucocoruLiiids for, 324-325 
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inflarnnmory bowel di^sa-c tO*mtwm4t 

■ .1 .r..-..l.,/:r\' ftif, 495 
IntURtKil consent, "H13-7(M 
Inhibits, 678 

lulu bikcvy quirimii, 137—IJK, Uli 
Initiation, in cart; ongmeits. 41 

luovipk*, 243-3-w, 3M 
tatKMpa Set also specif* triij’-- 

n^ilivr i 

ptwitivc. 57 -579 
km shuck, 5901, 591 

“li • and fluid therapy - ' i- in acuLr 

rcnsl failure. 9L 

LnriiUn, uircf*: i l . 1 1 cfIV vIa of, 544 
cnxi\tiini IV mlunKm rale fur. ; 69f 
... **, i l . for. 5.Hit, 626t ” l -:, 
for di ihclc* mclliiu-v 6261, U7-W0 
cump4iiiMions of. 640-643 
for dighcnir keioantioM'i, 6264. M2-643 
for hypciblcima, 87. 87l 
in mute renal failure. 5MM. 511 
n hypiiwJitHiuwtiLism. 62*4. 649 
for . i '| r. i. 1. 1 - timieity. 571 
-fiowfh hormone's cffecis on, 649, 65t> 
hepatic effects of, 302 -503 

ill use •cji.I bib 

in [Hitusium rrplilim, 77 
pamiKCnl solutions of. iiucn*,in»i:, with. 214 
preparation-, uf 394, 6261, 637-618 
ncu n biiunt human, 392k ’94 

UlLU.uk LsulEfatSi-ii a ah, 522 

thyroid cf fen > of. 54t 
InsvliH r .■'■.■■:,i ,l r, M1-642 
due *o i l hormone to 1„ 649. 650 
Inle^iiilM See Si m entries.. 

I ■ ■ i i ii ' i ' i ■, See Dntu imemawns 

lull HerofiliiK 372-175 See also sfei.fic 

as antiviral afeni-s, 244, 373 
natural. 373 

Interferon o. 373 

is therapeutic agent in human*. 373 
for cancer. 375 

foi feline icfeufinuv pertimuli*. 247 37 3- 
374 

[or feline leukemia virus mfcvuixi. 248. 

37-H75, .395-3% 

for ut uLaf herpeliL infection, 24 7, 3% 
in immune response. 3501 
rocomtiiiuiH Idioe. 37 X 395 

tnlerfcron m 2 A. rrcnmh Irani human, W2t. 

si*. 748i 

teerfenm 3- 373 

as ihenpcuiLc agent in hwnanv 373 
fur feline leukemia m n 174 
Inlcihnn y. 373 

as therapeutic agent in hucruiLS, 371 
for cancer. 375 

gLucucortkuids' effects oa, 306, lift, JI9 

in immune response, J50l 
Enter Icul, inis). 175 176, See also sptcifi 

mierleuium. 

in immune resptm-c 35(h, 351, 477 
Interleukin-1, gtucucnrtiCMifc ctf«is m, Rift. 
JIB, 4/9 

in granulopoiesis. Ill3 
m immune response, 350. 350i, 351. 45/ 
m tf|XiL- * It vi pariuptnrui. 304 
therapeutic use of, 375 
I metfc .4il-1 rctcpunr antagon im, T72 

(nlcikului 2. glucocort lunch’ effect; on, 306, 
318. 4/9 

in immune response, JM. JSOt, 45/ 
ropnmhinanr hum no. 391 t. >9fi 
Itierapeulhc use uf, 375-326 

Inifiicutm l. im rnwwiopowsiH. \ 13 


interleukin-3 ' 

m iDununc mipcroc. 35tR 

lmericukin-6. 376 

is gTPduhipJTOI*. I ) 1 

is immune response, 35ft. 33 I, 351 

Interleukin-1L 15Ot, 376 

Inl^rflalKHlal it-Tn.-l It J tibu, lot Mirftfie 

therapy, '22 

Intcrnei resources, 725t, 727t-?2fct 

Interstitial cyctitis. feline, 547-549 
Intervertebral di* distee muscle rddiaws 
for. m) 

Intervertebral 4‘M lire si on. acute. 453-454 
Intestine*. See & u> Gtutmintritimi tmtt. 

diseases of. 

facton faciliUitanf! infectiol in. 201 >202 
mnolky and secretion in, 4%,, 497 
drugs affecting, 496-30 L 
nnmml fkirt of, 127t. 201 
normal infection coalroJ meciiMiisms iil 201 
organisms causing infections of, 127t 
Inknicatiuns. See alw speaftc tosw agents- 

rcsiuirces -tut.. 725( 

tcrmaalogy of. 4 ■ 

(realsient of, 717-725 
ptocedurei fw; 7|7i 

ffiUKirdtac injections eonplkatiom of. 592 

ti'iifiacfll.itar fhnd, 76 
an generic uimaL 30 

in pediwiic animal. 12 
ter jl! an i J py cm tilt, i: l. ,x,i ied. 45 I -45 ’ 

due io head injury, 451 

due to oploidv 411 

in hepatic encephalopathy. 509 

IbttKtkKlu llirv i itateusx*ni5 1 iiitumirtrnli oa, in 
cirdiopuliTiucLirv mLiscitiUm, 393 

of NixkJ. K32 
of HuMfA, 85 

Intramuscular adm ■ ni$H*t»an. in pediatric 

animal. 11 

lobwHiAAi adnijntsttatHin. in 

casJi'.tpulfnonary rausrititKm, 591 
oE blood, 102 
of fluidi, 85 

iniM^-T'n :k-,i admioisuaiKBi. m petharnc 

animal. II 

nf Mild. 102 


of flmds, 83 

IntnatncheaJ admi nirtrahon. Id 

C 2 td[opuinvooar> resuscitation. 592--391 

Intravenous akiniflraion drug intent im -u 

in, 18-19. 201-211 

of Huids, 84—83 

plasm i cutKOHnlMJii vs. lime citne for. 4, 5 

rain for, 77Ji-776l 

Intnvcsiculrr agmts, fur bower in nary tract 

disease, 549-550 
[n Cmns, 186. 4Al 
Iodides, as antifungal*, 211. 2321 
is expectoranla, 611-614 
dosage to', 23H, 7481 
for hypcnhymdisnL 641-632 
thyroid effects of.. 54i 35 
[ndinc, « germicide. 25 3- 254 
dosage ft a, 626c. 748i 
for hypenhyrordism, 62bt 611-612 
for omit ciicnu. 197 
in thyroid Enmine vyiuheus. 624, 62? 
radioaettw. for fryperthyroithsm, 631 

uptake nr in hypcrtivruKtara dupwwii. 
610 


todopale. for hypertbynndism 611 

lodopbon, 253-234. See aiao Ptrvkitjht'iodme. 

for surgical amtwpus. 256 
ohmukity of. J2 
lolmol, 74Bt 


lonieMkru passive drffuakun and, 5-6 
ktnlophnretts, .191 
[opamidol. 74ftl 
Ipecac syrup. 4S5l. 74dt 

for emesis inductiM, 485 486 

Ipodoke, 7481 
IpnitiDpuizn frumide, bid 
Ipmnida^nk, 507, 74ft* 

Iran. 109-110. 109. T|6* 
m hemuglohin symhcii*, 109 
■n lipid peros idation. Juj 
into s icatkin with. 7l9t, 722c 

thrrip^nm Use of. 110 

with erythropoietin. Ill, 113 

for anemia of chronic renal failure. 640 

Iron dcsirary 110, 74#t 

parenteral scfutiDiu tit, iniendions with, 21 u 
IrriiaMt bowel >>ndmmr, 507-50* 

Irtitanfs), 661 

liuiar receptors in airwew unuah mu sc It. 

602-603 

Ivchemu, acme renal failwe m. 52> 

cellular, mjieltc uf, 5B9 
Iwvryihndytis. neuruud. 98 
IstKtfiarinc, 607, 60ftl 
UujfWranc. 429-430. .4Si 
tn pediatric ammal, 34 

Jumxihepicnc, 748i 

IwnuiTid. L55t. 748f 
fur fubcieulusis. 210 
}»p(Vf«ividt *87, 
dosage iV* 4R4t, 749i 

hajpsitpwmk. -.is gennidde. 251 
imuaicatioB with. 722s. 

1 soproterenal, amid t tare tic hontuK secretion 

und, 526 

as hvnrKbndiUtor, 604, 6*17. 

as intUrupe, 579 

constant IV KiftHion rale fw, ?69t 
dmmgc fur, V>2t IRISH ^49t 
in cardiopulmoruf >' resuwitathHL 592 
L«a|uim4nn^. 2m, 27J-274 S« uJso 

specific drug». 

] i«orhide H 52a 7491 

hospon mfecuon, 258 26 L 2581, 259 

Isotrelinnin, ftJU 660, 661. 740i 

rtrecnmtfufe. 227, ?2» 
eyciMpriiK interaciton wuh, 356 

d«tgc for, 232t. WSt. 749s 

for aspcrgJI|usi% r 2J4, 613 
for blutanycwis, 2.13 

for cocci ■ J ioidumycosw, 23* 

for eryptiKoccosifs, 234 

fur dcnrnioptiyluu^. 231-232. M5i 

fur b is topi u mu sis. 231. 507 

for infection, 232 233 

sped rum of activity of, 22 M t 227- 22K 

structure uf, 224 
therapeutic lcm of, 229 

Ivmnectia, 267-m 268*. 26* 

ceniral nervous sytieiu toticily wf. 50. 5 It 
dnuge fur. 562 L h65t, 749i 
for demodectic manic. 674 
for hmtwonn disease, 5b2l, 597 

ii. cab, 598 

for heart w«rm disease pie vent Km, 26^-269 
»2t. 597-598 
in «ns. 598 

for Ofddirt m, 199 

fur paras rUc dermal uses, 6t»5i. 6bB-*fe9 
for pirmilic lung discaK, 619 
-« cvmbiruujon onthelmimu.^, 776-277 
HkotiritioD with, 722t 
tup teal, 66 J 

tut iciry of. to collies, m 597, 5«)8 w? 
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lode* * 7fll 


JCIKilflflC, 7-l9l 

Jupiiitf van. hJiwt collection fmn. 100 

K 

Kanairrycm, I55l, |W] L 749t 
minimum inhiNKii) 1 concentrations far 
Kckiml ayjniifflji for. 1331 
purentcnl wluliudi *f. inatfflefiom wtih, 2ft 

WlfCtplihlilty lest mterprcIMiun fur. 1 *$t 

Kaolin. 505 

Kaolin pcelin, 4&4i 499. 749i 
kennel ixmtfk, 181. 21*1, 24* *16-61? 

Kentiti sulfaie.. for septic ajilumiv IS I 
Ketaim, *53 
Keratins tKca. JS7 

K e m uourijte ji c 11 v 111 \ Mvte, due to 
wlmumthidtrv V. L6S 

Kmifuiyijr*. *5 7-'[■59 

Kctm opla-tiK’* 657-639 

Kaurnnc. dotafjt for. 4l.ll, 74M| 

few IV the* I .. 417-42* 

lew invasive procedures m Ltilndl illness, 
420 

In pediatnc animal. H 

aeurotnimciilv Wodwis’ imcractioiM with. 

4 761 

parcnicrJ wjIutMir. *it. interact iori' with. 20 t 
KcroKidotiv. diabetic. *2 62tit, 642 *43 

fl ukJ therapy in. 93, 642 

Keincnnazinir. 227. 228 
c ytfoognriiH visih L 15* 
dwi analysis of. 357 

d'KJge for, 332C f»2*t, “?49t 
drug interne don* with. intunivulsiAK 414 
diazepam. 479 
f« Nasi ornyecHst, 2.1 1 
I u# ex\ id 10 kJ w nyciMt, 234 

for CiyiAKORtIS S!-. 234 
|« deimaEoptiYhrtJv 111 

for hi stupUsmau s. 231. 307 

inr liypcradrenocnructsin. f'2M 645 

for ktakiMi. J infottn. 199 232 233 

hnmkjmJ si Fei-ls of, 51 

I ’.'-lI u . 1 of activity of, 221 l 227 
struclurc of, 224 
Aerapeaftk use of, 229 

KcTOpirfen, 291-294 

mi\ n« elieo* uf. 2B7L .94 

dosage for. 2&4L 75ft 
fin cnduid.xic shock. 305 
for cm coin twins, 247 

Keletnvlf* 4. lot cyctooxygeiuiie istil wns 
2M 

Kcom-.Ij*:. :Ml 294, 

Kidney. Set rl. » cat 1 rin. 
kimtiv, in infliuniiuiwv response, ML 2*3t 
Kirby Eft uer method. for culture tml 
sUnCepUtuhly tiling, 110, HO 

Xlrbamitg piwumcekir... nrfuba ory 

cocnnlrabtmi lor nejected aiuiimcrobiok 

for. 132l 

L 

Lab- in 1 ones. Inr blood typing. 98 
for ihcrapniiic ilmg moiiiioniig, 71-72 
laftvalnry Tests, drug interference in, 5H 
Tiepunn intTfeimte sn. 120 

] ahytinihiEis, 178 

(l-Umium uflubiutKi. 150-158, Llll. See jJm> 
f V/Uwfotpiviit 1 Ffttitittimf t’i; specific 

drugs 

■hew effects of. 157-151 

urfwrjl ftcrvouK vbsuni iDiiciljr of. 51, Jit 

■ r ti.uc) ol, host factor* affecting, 140 


fl Locum antihifticc f f mimed) 

(sir anaerobic infections, 215-21* 

In pedumc animal, 13 

mechani«iTL of action of, 150-151. I5J 

purcoteraJ solutions c»ff ifHemrttOW With- 311 

passive diffusion irf. 5-6 
macofcinetici of. 157 
rcxislncc to. 15*-157 
in Bfiamtoes, 2)5 

sptOrftm erf activity «( j53-15* 

■tnvciuR erf, BJ 
therapeutic ute of, 158 

LictHteil Ringer's »1 union. Sae under R urge* 1 

rnlirJm 

Lacl^Etaai, drug dasposkian changes in. 35 
Lactic acidosis, Si. il 

I jcinol. as cathartic, 500 

dotage for. 484t. 7501 

lor hepatic encephalopathy. 504 

LKKrfcrrin. 750t 

I ,i.-. luloor, mi csthtatMT, 500 

dougc for, 4 84c, 75ft 
foe hepatic eeicefibalopalhy. 509 
Large nursiihc. Sic il*o Gt.uf/iieJrmfifid/ rract: 

inleslttiet. 

diseui of, 507-506 
Lujan vc*. 4 i ‘h4-5s|y 
Lazaeuids. 306-907. M7 322 
Llhu defined, 43 
Lead, inuuiratiH with. ?22l 

Lcvithm. *S4i. 502 
Lcflunun 1 idc, 3JS-159 
Leu pert me, 75ft 
Leprtny 196.210 

Lcptcnpeimui, 2ftS 

Lcucovonn <foluiic Jt*d), 109 

dosage for, I12 l '?45l ^50t 
«vilh mctfirtrcMlc. U2 
bmiefnia^ fciitie, 23*L 247 -24-S 

interferon 1 for 248,374^175.995^39* 
lidos udinc for, 2*3. 248 

Leukocytes, amim cittblal ciiDceatrnUoci by, 
irfft-Ul 

glucDcanicahda' effects or, !]*-3'.8, HftC, 

m 

m immune iraponv. 4 50-351. .Wl 
tn inJVartutwury rcapudae. 261-262, 2#2 
Ijsis factual hypertaJcmia dm 10 ,80 
poly morphemic lear h in uiflunmilloo 
response, 281, 292 
NSAlDs effects on, 2*5-28* 
Lcukixncnci, drug* tirgetihg. for respiratory 
disease, 6MJ-6LI 

in inflammatory response. 2S2 283l. 284- 

285 

in rcrfuratixy tract inflaminatioa, 604. *05t, 
ftfjft 

in sepiic shoe* parhoteneua. KM 
L.miprdUe. 6HI 
LrvaJkirphan, 7Jft 
Levmirole 2*8t, 171-372 
a* imrrmniMiimuliuM. 3*3- 3*4 

for, .154r, 750t 

bve eosinophilic granulonuL M? 
for hcaTTworm disease. 597 

skin Inions due te>. 53. 53i 
Levanertno]. 730t 

Level* of coaKciouEiieu^ in pain control. 407 
Levo-oiHpheUiHinc, 7 50t 
Lsvodofia,, 75ft 
'[ evothvmxine See rAvnuiirte 

•W 

L form botuiial idfcnknu 207 
Lick gnwikvm, 469 h 67 J 

LidouiiK, u amiarhyilunic. 563L 57^571 

central nervous system toiialy of. Ill, 419, 
570 571 


Ijdouline fCaaiinim'ij 
cimdidiric imefdChon *ith, 490 
consiuu IV iftfmsiwi rate for, 7*9t 
AjMfe lor, 4 . M. 5634, J» 
for digitalis inEtuiculioft. 577 
for rsoptiagius. 503-504 

for .pun. di jyetk»Vvo)vu]u>i 50d 

for head trauma, 43 9 

for pain, Jlh, 419 

for rfioci. 59ft 

for vcniricuiar airhyihrum. 5*7 
fur vcnincitiiir fthHLUrfiori 59 J 

in cnlKall} ill piikals. 42ft 
moiDHicity of, 52 

ptftqBentl aotgliiMia of. inleractKHis with, 2ft 
structure of, 3W 
topical iHepanuinm of, *56i 
Liglw. dJregie drug rcadun involving, 52 
Lime uiHdTh dnaage for, 23ft, TJOt 

for dcTttiotophyUHis. 231 *74 

pft”|ahilii,i, of. 6591 
skin tn i o a i dl*e ». 53, 531 
Lime *mrt, 73Or 
[>Umoncnc 6*3 
Lmcnmvein, 152i. 170 
dosage for. 1 SSt. 75ft 
neuromuscular btockcrs inlnaf nous wish, 
47*1 

vivccpuhilrty lest uiwiptEtnioA fur. 1.55*1 

Lincoumidcv 15 K S70, Sec ako ape,, ilk 

drugi. 

in pcdiatrv. atintud, 33 
Linolctc acid, far canine ■(ohnnfica *7.1 
UnuJecue acid. I'm purilia, *72 
y- Unrrfnuc acid ffiLA) 
for pninies, *72 

for skin disease, 6*7, **7t,. **g 

Linseed oik Vrf 

Ltotbyroninc. See tHkifofiymmiite. 

LiptdiM. dietary, m chronic recul fajJure, 535 

epidermal, 655 

hepatic accumalation of, dm?-induced, -*5 
metabolism of. g]i»wcor[io4<d5' effects oil, 
11 * 

Lipid emulAtun, »mphotEnci» B preparation in, 

227 

Lipid mediMon. See dw L-nt/itrirnes: 

Pwstagiaxdjtti t JL 

drugs 305-307 

in sepric shock pathogenesis. 

Lipid penuiulatkm. See also fJsvgrn w-M-nf*. 
attenuatien of, in neurologic injury. 90* 

, 307. 407 

drugs Nocking, 105 307 

tn lisaue injlrry. 904-305. JtJ5 
Lipid' »l«bfc ■: - • ■as, ahKnrpiiiNi uf, after inpical 

MlmuiriitflitbDfL, 22 

c Km-species do*e cMrapolaliml ftc. 38 

in geriatric animal. 30, Jv 

in pediatni •nimal, 12 

metiboliilti of, 3-101 

nifl imp ul di^iriUkioon of. 9 

Upoccmin, 31*7. .It? 

Upopolyucchandc. curmul, in gram negimve 

ivf galvi sJtiVv 129, 129 

amimKTnbial penchalsnn and. (41 

sepsis and, 203, ?i6 

LipoAomal products foi hiirfugu ntpuruc 

muddier delivery. 178-180 

for protein and peptide drug delivery, 190 

Lipoiropic agtfti-, fit liver disease, 501-502 

tipniytmuel *1. in inflairmalDcy impmv. 

2S% 28 3t. 284-285 

Lipoxygenase tcrfiibilnn, for respiratory 
disease, 6'0-*ll 

LisioupriL 565. 3*6 
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|.ivimn»nl (CemkuKd) 

for, 5.^—1, 56.lt, 750| 

fiw h>. ;■ i'■.■■!: i in rtrul fjilurc 

5Vt ( 

LtEhtum, 750( 

►. "i :i. ■; rlfevi* of, 54t 

Jmj in«cr*i£i*i,wis writ, furoitTi mJc 524 

Itli^zxlrv 522 

(liyn.i«J cflKtft of. 54t 
Ll>CT SCC htpHIH -.. 

Lisei See riv> .ipeaftc dixfasei. 

biKUnid, !27i, MO 

. in drug - 1 . ^position in, 2fr-27 r 27i, 
2 k 

c lit i lestar k , dm g - (a ii ■, ed, - 1 > 
ur suddnyvttolic ectd for. 50T 

Jin induced Sift- //ffwifirarH i» 

dm** for. 50 i 505 
dts<e 'o heaJTW nsftri$. 5*#4 

tllie to ■ u■.■■,! ■ .i =i k 505 

fluid h>.: .|■ % ]"r. 93 
.. l u i^i i ■, ■ i-1 foe, 115 
tiptnirt pfumuoaitmetier m, 410 
treatment of. 509 511 
viral, 2 245-246 

Ijuding dose, f4\ 13,436 

oakubi or of, 64. Wl 

thcrifeuiH. drug inofiinuring and, 64—66, AS 
I ■O.'P n.r 75(1 
L ■■ m.i -:i.k (CCNIlp, 5W. 7501 

I ■ ii r. Mi; i .■ |j6 JK4|. 75<1 

for l k." I. ,. 491 

l^fatadine. 6| I 

I ■ i- i ;■ (tn, 445, 466 
dosage for, 4591 

l • ni•!•. 656 

lor drug delivery. 65Ki 

( mu : 463, 7V!n 

Uij'.oJ'. -i i-. nt.w«, 2JJ. See olw t<*ttnr. 
fur hyperttiy nudism. hi 

Lung. 5rtt Fnitmsnarr cllinn, R< v i iktry 

syt&m 

■ 

JLupu* 1A7 

Liilral mtkifUrirrvY, &#2t, 

Ir 

I ui nj bdnnoiK, 678-679. 67# 

ct "Timer: ml avjuUhilily of. 681 

douge for, 75fn 
for induction, Mil 

mcjumciTKEil of. fra timing fonmwue iher- 
apy L 684 

Lyme bswrefitwi*. 206-209 
1 .ympfuKytc^i. in immure response, 350-151 

J5l 

Lymphoki B*activwed killer cells, 375 

I ympboma. ii Iriihf lellkrttila vim* i.:'i 

248 

response of, to ircaftmcnf, 332 

M 

MAt ntttnifmiii.il dtvculat kuuceiitiaitiijfti, 4.29 
Muciocyv Mrnulmn. in vnarnin Bi¬ 
ll erh.-ieTn.v, 107 

Maciolidi aimfwotk*. 13 It, 170 Set also 
vpetihe drug*. 

a* iLntbeliiiinhtv 26 7 -270. 268l H 260T 
I wraifhial pn mitt mum. hy ls2 

for hcjtrru omi divert: prevention, 597-598 

itl > i'i.i' i l .L'n■:■ .iI 33 

[-■Ii w. for fungal infection v 223-224 
Macrophage* *1, puLmcoary intravascular in 
rcvjumtnry defense, 604-605 
Marmphafe colon ^ dim il ding factor, J94 
Ma:mpL^c migration inhibiiwm factor, 
glucocortiAirJ'' effect* or. 317 
Mafemde 7511 


Magnesium, disease-induced change* in, 80-81 
m commercial fluid*. K5t 
Magnesium iiiondc. font hypomagnesemia, S7 
for vencneular fibrillarim, 593 

Magnesium cimit, 500, 751c 

Magnmum (lyiinnidc. i*s antacid 492 

as cathartic, 500 
dosage 'ffl-. 4}C4|, 75 U 
Magnesium uaidc, 500 751s 
Magnesium sulfate, a* istnngem, (df 

a* cathartic, 500 

cmrlanl IV infusion rate ttw, ?69t 
dotuige lor, 4141, 7511 
fm S!yp3magne«rmia, 87 

I.T ventncular lachycardiau 593 
parenteral »- jluiion* uf. uneractum^ widi, 20t 
Mimlenutitr -v J4, 15—16 
Miilmstzta fitffvr, drug MJActptjbtiities if. 323i 

tfdnw r« [w’Wrmeflf, 232-2 3.3 
otitis esEoma due fci. IW 
Malathion, €*6.4 

M^ligruncy. Set Comrr. Srvf4mm. 

MalifMlI h ype rsfar^n im. 5H8 

dan indent- lor, 480 

Mammary gland carcinoma, CdilL 687 
Mumdellc a,id. for feline uiologic syndrumc, 
547 


Mcii ,l'jl Iijr «H£ubi- hrnr -. 301 

Manfe. dHnodcctic gcnerallred 674 

ivermectin fur. 66$t 

milkimem foe, 665l, 669 
Manpiiui. 5 L A. m 

adverse effecls of. io UioracoVumtw dwe «i 


mi*tom 454 
sen ulkulic. 500 

cnns4am IV infu*ion rale for, 769r 
dosi^e for. 521i. 5.30i, 75It 

tor acute rcnaJ laLture 529-5.31;), 5301 
for iirtncreniiJ hypcrtrmioi. 452 
in tvpiSir cftcejifiaJi^uthy. 509 
fur SWX 

parenteral solulinu of. interaction* with. 2(Pt 
Ktrueture of. 518 

with amplimencm B for toricitv reduction, 
226 


Marbuflm,jiciP. 164. 165 
doetagr for, ]55l, 751 1 
for hactrn&J pneamonu, I H.3 
for pyoderma. 194 

vmictonr’activdy re lai Himvhip of. 162. /fl.7 

Mjii^uiu idea* -a .mol* with, 712t 

Marking fedfeivior. in cal*, 471 
eq dngfi, 47tl 

Muss enponent. for body surface area 

L-olfdaidi, 16 

M as t cell(s), airway, 605 
Mast cell dcgrannlalinn. immurtogkdxihii E in, 
352 


Mini cell growth factor. Set ,&r m <-rll kxrtor 
Mast cell ambilienv for respiotory disease. 
610 

Mast cell lumurs, gluox^rtkokU for. 326 
MBC {minimum hacvnciAd concentnaiHi}, 

ni. v.t; 

M-CSf |ciacTO|du*C cokiny-il imu|i|ff| 
factor k 394 

Me^n atMorptmn lime MM l. 7 
Mean arte rial pressure, 586 
Mean midctice time MRT). 13 
Measuremem. mtiih of, converdoos and 
?tfuiiiialeiiLs for, ?Ufr-?{l7 
Mc6efld*iwik, 47, 269i, 7511 
Mcchanomyofraphy. for evoked response 
measurement, in neuromuscular blockade 
murutoriitg. 478 
Mtchlutnhanine. 751 1 


Mcclihftt, *84(; 486 4X7. 75 Ji 
Meclofcnamic «td, 295 
advetx eriocu of, 287i 

for. JS4l, 7311 

selectivity of for cvekNnvfcniut ktofomin, 
284 


Made ton id me, 75 It 
as peancsthcfic medication. 427 
fur cities i - induclirm. *86 

for pain, 4IS-4I9 

MmImuik La* a trig I y ed des .7511 
MedrcwypnrgKtcnmc, 681 
dwage for. 459t s 7511 
for benign prottatic hyperplaii l 688 

Megacoloa, 50 S 
Mesanophigus, 200. 503 

Megalofdut fumwrkm, m vunin Bo 

ddkkncy. 107 

Mcgc*lnd acetate, 680, 6ft] 
as appciite srinulwt 482 
a* immunreuppresunL, .3541* ^59 
<to%&g< for, V 4r. 459t, «». 751 i=752i 

for ttoithma, 61R 

for iKiugn prentiMk 1 hypcrplawa. 688 
fw r stms ijupprasm. 6fl5 

MegK j nunc antimurulc, 732l 
Mdsrs. uniJtc, 268l 275 
dosage for, 563r, 752* 
for hwtuKviD disease, 595, 596- *9? 
Melafoatn, 752t 

Mctktidmi*. 211 
M$ksx*£m®. 284U 292, 752r 
HlKtivily nf, for cyclocnvgnue Hofonm, 

2m 


Metphalan. 337. 7521 
for feline mftcni u* ptitnmm*, 247 
Mfliadiol, 7521 
Menadicac (vKarnin K r 117 
for rudenbeide poisoning, 122 

MennqdiuoDe ■ Miamin K ? >, j 17 
Memngibs bnelerini, E 75- 17ft, I77l 

KcnNd-rrtponuvc, 324 

Menthol. 658t 

Meperidine, 41 M 415-» 16. 35 2* 
ift «cuk pancrvatili*. 3JI 
monoamine cushae mtiibiior imenction 
with, 466 


MepNmjrtoin. 450, 752t 
McpivtciiDr, 7521 
Mflnpiopnfiwyl glycine, 752t 
MereapteqHmne. 752l 

Merevy ioMiication, 7I9|. 72 it 
Merupenem. 752t 

Mesalamane {meulazmofi dotge f»« *85 l 

752l 

fur diarritea. 49«^»W 
for tnfLamrtulofy bowel disease "itW 1 
Mbiu, 7521 

Mctafeolk * 1 -82. BIt 

due to carbuniE sifaydrwe intnbqK.irs, 521, 

m mrie n ruJ failure 530l, 531 
in ehrunk rtul tulvr, 3341. 5 '■6 
pohophyskdngv of, 77-7* 
treatment of. 88 
with cardiac arml, 592 
Metabolic fllWusis, ''Ic, 82 
iluc to faro*enude, 524 
p^iHn|^yitM4ijgy of. 78 
treatment of. 88 

Metabolism or drugs, 9-1 (X 10. See .dJwrr 

Hepatk metabvtifiH. 
drug iateiuluK involving, 25-24, 2.9 
first-pass, bioavailability and, 6-7, 7 

in liver disease, 2? 

iteifif regimen extrapolation .and. 57 





I rule s * 79 J 


Metabolism of drucs iCtmlmutd) 

species and Iroed iMerenee* in, 35-16 
Mefttaittv nKtfurcmm ot in therapeutic 

dnlp mu mrl* Hfini; . 61 

pharmacologic acti v itv of. 10 
Melaldehyde. mimical nun wuh. 122i 

McLumucil, 752l 

MfUirmirrenN, 6d7. 60Ki. 7^t 
Meinnulurxd, 7521 

Metulaik heparin * influent or», II9 

SlLici^iitiw 68 L 

fur evtrus induction. 679, 683-684 
for prcirn-HK 1 ) UrmjTutiofi, 687 
Metformin, 644, 752l 
Ml-iKioh'S, intoaieaiinn with* 722l 
Muthaaol amide, 752t 
MnlKflwgJMMKnut, 7231 

iirup ■ irdUtetL ifl dth 36-37, 5ft, 56l 
due to unman acidifiers. 526 

hItztbdaununcj „ 1 72 
diwigc fiw, 1551, 7521 
lor1 dine unA^ic symlnimc. 548 
hn uniuiy tracl unlecUirfl. 11S9 

thiazide luicrflcliort with. 522-523 
Methkillin, 155-156, 752i 
Methim azole. 626t. 75 It 
for hypcflhytuid)*m. 630-631 
hematologic Jiviwiicrs due to. 56. 56t 
thyroid elkvts of, 54l 
Methionine. ,r lipotropic Jtieni. 502 
dma|rc for. 485t. 521k 7 52t 
for untie aLLditiL Jtum in lei me uiuju^ii; >yn 
drome, 547 

hcfiumkifk disorders due hi. 56 
Methocarbamol. 4U. 4H0. 753i 
Mahofauiul* 427. ?S3t 
in pediatne iimnul. 34 

Mdkiprcijc, 663 

Met horn if one. for pruritus. 670 

Melhotret ate, 75il 
for cancer. 342 

lor inflammatory biwel dinette, 36b 
for rhcurruiokl uiihriiis, 36* 
fur vyvtemk lupus mlhenianwuv 367 
Melho ramine, 753i 


Mel hovy fill rune, 429, 7^3l 
IhcfdknuMLtty of. 45 
nephrotoxicity of, 44 k 429 

UkUH. <hpilni»# 4s5t, 488, 753t 

Methyl benzene Sec 7iwW«r 
Melhy k e I lu kn-e, 48 5l, 753t 

MethyUmkifIjvinm. TiiK Sec nl*o Irfonwift ft t; 

Methylene blue. 753t 

he nuio logic diumderv due in, 56, 5ftt 
Meth> If4hfiiidsi(e, 459 l 46b. 75 It 

Mrthylpvcdnmiliiric, 321 

as ontinuctic. 488 

constant IV infusion raw for, 769t 


doage kw, 31 7|, imi. 6651, 753i 

fur acute pancreatitis, 511 

for bacterial meningitis. 177 

k« venire! uervou* vy vieni trauma. 324 

lot ec^irmplnI k- gra.iilJl*UTwi, 325, 4i", 50* 

for pruntuv 671 

for shock. 306. 325. 59U. 591 

kit Khcmeulumhar disc eiimuon. 4.54 


wumpfmccuve effects of, 306 
fiarmtural solulLons of* inlemcliucu wsth. 2 If 
MeihyIprnfeslefoeie. for feline eosinophilic 
granuloma complex 503 

Mctbytpyrmk. 753* 

Mcthy hull''ony [methane , 303 
Mcthyltrstmtertine, M4. 75 It. 7651 
Mritytainthiaea. See a] so ipeeific drug*. 

L* honichodilaiurv N17HMN, 60Kt 

far Liu dine disc use, 577 


MekKlopramkfL. udienitcunjcaJ iflcch, of, 54L 


»nlinfelic 4Jif, >ttiN, 44b 
in acLilt renal failure. 5 VK 
mi ctirimuc- rcii.il failure, 3,Ut, 



in liver disease, 509 
as apatite vlunulant. 4K 2 
as prokinelic necnL 494-495, 494 1 495 

LTninil nersiicis system m*iciry erf. 'll. 49' 

mfufanl IV miusiLSi rate fur, 7691 


Jns.tgc for, 4S5I, 5301, SVk, 75 3i 

for acute fEJnUv 504 

for fii>in iesrfiphiige-4l nfliu. 504 

parenlcriil solwtinn-v of, inter*Uno* wnK.. 2M 
seizures due in, 439 
cfmdure nf r 4^7 


Mcinfwi>ln3. 56il, 572, 753t 

ftw mural salve insufficiency, 5 SI 

bletrfetu. Vy also fr-juft>****• frith. 


pnstpanuni, 662k 6S6 

Meutitibda/oie, 15)1, 172 


hronchiat penetration hy, 2 K2 

central ocrvoai system uk uy id, 50, 5li 


dosage for, 155l* 485U 754l 

lliMirinsirtl quinnfoiKs' svnerfisrn with, 200, 

2iW 

for anjwrohit: infections. 216 
fur jjrnintfcnitail pfOphylaxH in y n> 

penia, 2)8 

fur hactertal ocergnmisth, 485i. 507 
for bmulism, 217 


for ebed jnjfiti s, 4K51 

tor ^iandiusis. 265, 485i* 5CTT 

for Hrln rrhtit irr mteclion, 5£l5 

for hemsdianondh >si s, 2 13 


for hepatic eiiCC(rfuki|iiUhy. 509 
for inflammatory bou,el disease, 508 

fnr oral cavity infectumv 200 
for pcrUtrkliuiminiiuii, 507 
for periioflilic, 104 
for sUnnali [] s, 4K5l 
in podiatnc urunud. 33 

punsnteral sohninns of, mtcraciicMK with, 2lt 

spectrum of activny of, I52t, |72. 258t 
siiscOiHihilns trsi mrerprefaiion lor, 2 l 5< 
MetsrapoiK. 626f, 648 
Mcsildine, 5ft3i. 571 1 754l 
Mibefradii, 561 
Mitofanne, 681. 754t 


kif esEfUs sOpjWeisititU 680. 685, 686 
for signs of pseudneyesis, 6R6 
MIC Srr Minimum inhibitor* toriirrurtiiitm 
ikf/O 

Miciiiwofc, 228. 2321, 754i 
topical. 659t. 662 
Mtcmhes, defined, 125 
immumiHtimoLnts denied from. 360-362 
rcMsijiKc irf, to genmcitks. 255 
Micmfilarernia.. druit indue esl jnaph> liais in. 
4? 


M Kroon net,i k 7 J 6a. See alw specific 

minerak 

jWh species, drug vLiscepuhtlllics of. 

223r 

MklunUofi. 542 

disorders <rf. 542-546, 5431 
■Tiappropnale. m eats, 471 
Mtda^kam, 413k 426, 754i 
in pediwic animal. 34 

Mifepristone. 680 

Milhcmycift. 268t, 269. 269i 

central m-ntais syslrm kmicity of. 50, 5 It 

Jticjge fur. 563 l 6651. 754l 
for deittodk'osrs. 663, 674 
for hcattaorni ilHtt prevention, 269. 563i* 
598 

in cds. 5 m 


Milbemyciii \Conlimn‘il\ 


fut 4v.ni JlW4ivtL~%L 6651, 

lufenumo wilh. 750i 

Milk, drag dirkiuon into. 35 

Milk of magnesia. 5CKI 
MUnnune. 563t. 577-578,, 7544 

for dilated curdiottiy opathy. 583 
Mineral ml. 4*5t, 500. 7341 
topical prepa/jluais of* 65HI 
Mineraloctinicmds. aniidmrefic hornitw 

sccrttmtl and, 526 

denciency of. in hypoadrenocomcism, (48, 
649 

physiioloek effects of, 316, 318 
rtccplor for, 314-315 

Minim uni ulveolar cunceiUraUOfi (MAC), 429 
Minimum 2 kil u-ncid,d concmrratkm (MBCk 
131. Hi 

Minimum inhibin>r\ concennation tMICk 1 Si, 

JJf 

brtakpmm. 131-136s 133, I34t-I35f 

dosijff qnen-ase hesond. 135-136 
for anohuetcriuJ drags. 1321 
fur antifungal drag*. 221. 2231 
iti relative efficacy evaluation.. 133, 136-137 
plasma drag awKPnfnrt»nia and* 137 I 39, 



Minimum lethal cixiccutratior. fur arrtiCunpoJ 

drags, 223 

Miimycliric. 169 
advrrsr efleeis of, 170 
hrim hul penctralkm h>. 182 
dtssage for. !55t. 754t 

for chrlichkisas, 2)2 

for Knclty Mountain spoiled fever, 2 11 

■sii.v_rpttbiJUy tcsi inlerpietatiuu for. 135* 

Mivruuiug See Pir^nomT irraiiwfinn 

MisuprmUil, 681 

antihistamine^ with, kx prurltuv, 67J 

dusage fuc. 485t. 530t, 534k 754t 
for ciWroiFilcsiiii.il ulcmUiou. 491.493 
due tn MSAIi>s. 288. 5<U 
for ft no vc a and vnmiiing, in acute renal faik 
iwe, 5Kh 

in duunic renal failure, 534 l 538 

pmlcLliVc cOce. 1 of, for N S A11 Vmduurd 

teftiil duntage. 48 

ttnlh pinilucam, 346 

with pi using land ih b :n for ptcp|M|Cy KffTM- 

nuinn. 686 
Miles, ear, 199. 665t 
iycrmeclin fur, 665t* 669 
M lituwny i. i n iplicomyeiPk 635. 7'4t 

Mitotan*:. 62 At, 754t 

adrvrkiconK ul effects irf. Vk 

kir hyperjdrenociirticivm, 646-647 
thyrmd elfccts uf, 54t 
Milos ant rone. 341 342, 754i 
Mural valve Kuuflkieacy. 579-5SI 

Mivacunum, 474k 475 

ncovery I mm t>lkv k adr wi ih 47H-479 
Mined bacterial voccum, os 

iTnmurw Winuilanl’., 361-162 

Munensin. 7541 

i isr protn/4-Ml ini retains, 25 Si 

fur mopianoowi, 263-264 

Mrmiinnng of dnip levels See rhrmpeuut 

dru if nunllflnnt. 

Mon*'amme msifiase inhihrmra, 

463-466 See aiwi vpccifie thugs, 
incyclie tniidepn^sam mteracbon with, 464 
Mannh*tain, /5J 

Monoclonal aotihodkv, rcc«vmNnanl, 398 
Monocytes, in mdainuuiorv revpum<, 282 
Miirnmekar phttgoeytr syvii-m in rmpvasciry 

tlckn« , mu 605 
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Murphinr. 41 :-^[4 

Limstarit IV iriusion rate lew, 7691 
ANS..LC for, IJ.ll. 42U. tmi 7 54l 

ifKlura! adimmstrauon of, *31 9, 4 22 
for pulitHniiry cikdii. 581,. 620 
toe re- 1 ' i 4« i v divur NJ*r 

in nil Lilly ill patient^ 4'£) 

■ ii i'i. ,i i-in with. 7Z3i 

piirttAvfill MAmHK of. imcractmqs wilh, 2Jl 

phantuci>kineEu> of, 110, 412 411 
iccrpim imkiuvny erf, J09i 
sirucmre nl, 409 

M«i|*5Ps35 HUI, Jill 
Mothballs :nlu\i. ,i .isin wilh, -3l 

MiHWm nick nc^. 483 
aerJeflirlks. (of. 4S6-4-§ 7. 48 

Moialuclun, 156 

loir otiemnyeini^ l K11 

Moiidectiru 2&8f, 269-270 
doui£* foe, MX 755i 

for bran worm y.i-\ pre^cMiott. 269* 270. 

5*3i, wn. m 

fiic 4m diheuch, Mf9 
MW (mean iviidcncc time), 13 
Mucualmr) appamiti in respiratory defers*:, 

MM Atw. 601 

Muc, lie M cli, drug*. 613. Sr also yUrfrl- 
ralnlK*. 

Mlii Ouil blende pbciKMOCTifflV. •« ir.-n ^«Jp6on 
regulation. ■"■ v 110 

Muco»s membranes. gold mmcity id. MM 
surgical pftpjrauoci of. antiseptics for. 256 
Multi-drug PTitiliuiec. in icflanmatory htwd 

disease, SfW 

m i." -i" i■ "i chemotherapy. 312 
MuJuple.mm.iJ houvctiok.- k >ef i.=h i i ■ ;l . 

problem* in. W 
Muptnv in. 662 

Mu ram ;■ I diprp i nc, Mb I 

Midsrti) f (rt|fepthir 379 
Ms -... :rui receptors. in airway «, t?OT 
sit laMimiUfttiiw! nKiftlity, 494 49 J 4% 
Muwir slideud, gtitocfinkorids' rficru on, 

llo. 32ft. 

sirr-orh. iinny L cui*M erf ime nf, W240). 

691 

fie paring effect* or. pruhfnalKW of. II 4 * 

phi/unlnjjy erf. 556-55K 557, 

558 

Muscle relaxant*. 4?3 -480. R« rf\o specific 

drugs and classes i i dreg s 

centrally ucling 479—181) 
fist biypcnuroc ureltea, 546 

monitoring with. 476-478 47". 4 'ft 

pci iphet ally acltng, 480 
Mu* uJnskelHgrf system, hactrruil m'lciHNit of, 

1281. 179-1 SI 

M u durum > iMcmcim with. 72?t 

M yxsttl* r..i gtavis, 503 
^yrntijK'tehii] cell wail ritnd. 75 5t 
MytoteneUriitl infntiiAv 196. 310-211. 211 
Hycnphcfudirc narfetiJ. 35K 

U r Itv, :-•! . I -. : gravis, MM 

MyclirtwIyH'i, due to nggreshve ccwmi i ■ m l>f 

hvpnOatrcOUi- 86 

Myeiiisupjirwiiw]. Set also Hsumipenl*. 

due k'j . . il. : chemotherapy,. 314-115 
hod) surface uv.. and, 333*334 
granulocyte colony -simulating. I actor for, 

m 

slue im chloramphenicol, 17(1 
due id cup Latin. 144 

due ui cyckiphiwphamidc, 33ft 337 

due id fdiuflulr, 444 
due tv g nnc k lov ir. 2 4 ] - 2 42 
due !■ 1 phenoherbiial, 44 


M yclo?.uppFr*tteiri t tVwfrwurrfl 

ilil# to iutfonifUidr-s, I 68 
My\^<*rdilJ owiuaelLlity, 553-555, 554 
in, heart failure. 559-560 
Myocardial oxygen demand, dcteimiiunli otf. 

N 

Nadolol. WX 571. ?55t 
NaftUlin. 755i 
for < idereny tlift , I * 1 1 
N^ IrfuK. 231 

Nalbuphine, 417 
dosage for, 4] it, 426t. H5t 
receptor selectivity erf, 409t 
N .ilidixfc acul. ft* urinary tract i nlctfims I87t 
> Rimefeiif. 45m, 7534 
for sleiw;>.pK behavior 4 fr 9 
N^lw'-|fts«,4l3u4 i n, ?5St 
receptor vlcctiviiy of, KNt 

Kitoianc, 417 

dr*age for. 41 It. 426t 459i. 483i. 755i 

for hchavitJAl modlflt MlJOO. 46® 

fur piychogenk tdopeeix 612 
le c cp to t sdlectiviiy of, *09t 
Mrptic \h. vk ami. 206 
NaltreiPrtt. 4J7. 66V. 73Jt 
for aend lick dcmulitu. 673 
for behavioral nodi fit a(it*L 468 
for *kui disease!k 6651 + 668 

for flricotyprc hetnvior, 460 
ptufmacohLrEUeii df, 410 
receptor *eJoclivny of, 409i 

Nsmiimlone, dooage fw, jJ2t. 5341. ?55l 

for anemia. 115. 116 
jn ctuufuc renal failure. 5Ml. 541 
dnKlure irf. it 4 
N^mecn, 2841, 2<M^2v5, 7551 

Nareo4ej»y. 471 

Narewu. S« al» Opioid*: specific dregs. 

defined. 40* 

Ndamycin. 755t 

Nilriurctit, Jcfiltol 517 

NausCa, dreg4ffchK*l, 49 50 
in ftcw* renaJ failure, 39Qt 
Near dm rung, 620-621 
Nebuliur, drug delivery by. 613. 614-615. 

ft I Jtt 

Necroa i s. hqm ik df¥g ■ i ttducwt 45 

ijkin, due to- befwro,, f 20 

liauit due ii? dkiinubieui utnvwtiion, 

335. 340 

Neo-DarbuJJm*. 755i 
Neomycin, dosage fur, I55t. n 35t 

fta aquiruodlhul praphylaw* Ui gradulocyld' 

x im 218 

fnr hep*ut encjephaJopathy. 509 
for otilit cxlcmi, l97i. 199 
nqrfmrfui saty iaf, 1612 
skin kiidrK due to. 5 K 53i 

tr»p*c«J, 662 

N'eonaial culitMcilktni*. 202 
NeonaiaJ isdcrytljrv'lysii 
NsecNMlea. Srx il» PrJmark- mimals. 
t4dpJ-btaid hanier permcabtlity m, 32 
drug ahioeptiem in, .10, 31 
hepaiie drug ructabdli^m in, M- O 
opioid*' t ITeet* 412 
Nex^pk^s. See also Qancrr 
fp.lute viraL See Feline l+ukemiti .j-id irtfec* 

fkm, 

gene therapy ipplitiiiaO] iiu 398-399 

glucnccrticDHk ftw. 325-326 

imnRindmoJulatofi in, 754 
interferon* lor, 375 


Nr* .pistil a (Ctmtiitunil 

imerlaikin-2 for. 375-376 

lipoKMill tour amyl tripeplMk prutkwn ft*. 

379 

pare * ream's effects on 186 294 
Nonrfi|miat. 479i, 755t 
for DL-uroiiiiiKUlar bftsekade reymal, 479 
Nephrotic xyrnfromc. W 
diarelici for, 52-5 
fluid therapy for. 91 

Nephrotoxicity, drug-induced 4?-49. 47l. 

518-529 

m .mtnuftc--medialed tumutytK tificwia, 365 
aunnilol for. 520 

erf amHnglyCoudeK, 42, 48. 160-1*2, 16/ 

rmuMmide and, 5 24. 529 
of amfdKMricin B, 49. 225-226, 225 
afM g idem L n -con vet ting enzyme inhib Ntill 
48-49. 528, 566, 367 
of cispfctfin 144 
of cyclosporine, 156 

of tkraethy Lull fox ide, 300 
of doxonrbtcin, 340 
nf rocthpxyflaftne. 49, 429 

of NS AIDS 4 8. m 528 

of Uuacetareanude, 49 595. 59ft 
Nervous tdliln. 507 508 
Nctikwnitift, okitaiicily of, 52 
Neomkptica. See Anf/pm/wnc dmgt. specific 
dnip and claw* of dreg’s. 

Neuologic injiay. See 4w Centre I »efvv&3 

system, trauma to. 

due to vintritfirtc, 339 

NcuoiHinlir Wocking igents. 473-479. Sec 
aim spedfu drujis, 
depolauwmg, 474-47S 

mechaniun of aclkm of. 473-474, 4?4 
•dwafc for, 474t 

drug Jtiwm-timis w itfi. 476. 476t 

indkMKiu few. 474 

cm ni tori rtf with, 476-478, 477 . 478 
BDodepotat Z atf, 4 7 5-4 76 
mechanicra of action erf. 473, 4~4 
phantucology erf, t't-J?4. 474 

ri-vervid of, 478-479, 4?9l 
Nnmuiwacular junebon. anaiotny and 
phyuetogy of, 473, 474 
nuoiloriiig of. *6lif*g reluiol use, 

476-478. 477, 478 

Neunwa, resting membtane pomtial > i. 
431-432 

Ncun*ixici:>, central. See Cmtnti tumtttu 
sysfrrti tv ui city. 
pdiffienl, of tmemtioe, 339 
Neunrfransniinm See alK' specific 

nc uru Lnuum s tiers.. 
ahnorma] behavior, 45 7 -45H. 45W 
in appetite cottirul. 482 
in somkiOE icflrx, 4S3- 4m 
NmtropeaJ*- See also M 

MKjfFuciDbul prophylaxis, in, 218. 334 
cyclic, granulocyte enlaty-stinmlidiag factor 

for, 913 

itumwie-ree**hal 366 
NetmophUs, in influmniitoi y Tenpun^e, ?>■ 1 - 
282 

NSAlDs - effects on, 285-286 

Niacin l rucobiurmcic |. 71 -ii 

doupr for, 354 1 , 7S5t 

for dncoid lupus crythcnu*iHm 367 
Nido&antarfk. 73 5t 
Nicmirtc, inaoxicatiofl with 72 3t 

N ifadupine. »3, 3*4 
Nihutiinos. 7J5t 
Nikethamide, 7551 
Nimesulide 38=4 
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Nieraiec See *lw specif* Jnij.v 

i :. li:ii v '. .! -■ 1'iMidllilto. $66 

Nitric nxid m sepsis, 205 
in shuck. 589 

in vascular MAm4 muac-te i.ij«inciihtv. 

5 57-55& 55S 

Nnrk oxide \ i 557-558. 538 

I 11 ■ I It . ItCulds' etrftli Uft. 3 I 7 

NilliofuniiK, 172. See ulao spcci fk’ drug*. 

N itrufurarumn. 172 

• I. ....v lor, I5_5t. 75 5t 
tor urinary iraet infection*, ISTt 
i .i l" ■ 11 -. : ill w lull one of. interactions wiih, ?ll 
Nitroglycerin. Vrft, 5*7 
Lktsjge Id, 5634, 75 St 
fur dilated cardiomyopathy, 584 
lot:r pulmonary oSema. 620 
tnrn^k'eTnal ^dminmr^Ksn of, Wfl, 670 
N ittnpru*^de. 5*6 

i : ;■■ IV infusion raft for. 769i 
diKijjr frKV 56-'l, 75 5c 
for hype rim hot. 586 

■i; H i. i.: of iW 

N Limsinrnart: L ?55i 
Ntlmsrtrtedi, 3.38 
N ilrous h ix iilc. W 
N ivjifdme. 485t. 50,5, 75 5t 
for gastroesophageal ft flux. 504 
ft* pits Inn tile KtilukJ uk.'i.r jlhi, 48*4, 4*M] 
NutJrJmst^ 209-210, 621 
faelor ••• mbritrnng with antirmcmhial pdKm 

against, 129, 159 

Ni^kcpn \ao- luMdli. 40ft 
Noise phobias, 470 

SiwnunplinRe. IbrnpcuiK ini| moniineing in 
idcnufk^ioa of. 61 
Non«fcroidal «nli in flamnufKir> drogp 

(NSAlDs). 2§3-M. See nl v.> «pecifi l 

tfcrtigv 

adverse fEoCtionx Hi, 287 2hV, 2871, 28ti, 

289 

central nen. mb system loxuify off, 5 It 
chemistry of, 212 
Jo&agc for, 2S4l 
drug interact:,in* with. ZH7 
furwnikk, 52-4-525 
(ikiho tret ale. M2 

pnUuiuiiHpitfmf djum*c^ 5-" * 

ihia/ukc 522 52.1 

rffftu on jrlicnliu c,milage. 186 

for diarrhea, *98-499 

fiM hyperthermia. 58H 

for Mkeoartfarita, 297 

fnr piHKipenilive p;i.n 420 

for pruritus, problems with, 673 
for rtrspiralnry disease, 611 

for bepus w ndfnmr. 207 

for shock. m 305. 59 i 

lor -.1, ii.us m i.i'.i disc nlniuM 454 

tastmnttiitiiul disease dw l», 50. ZS?~23W, 
288. 289, 504-505 

hcmaiotogic disonieft due xa, 56 56*. 288 

|in LfLLbL’iilJj i I fulirtils, 421 

in genstm: .urn. 29. 30 
inlox kditin with, 72.ll 

nrvh irnun txf iMwn oi 282-286, 2ft$ 

ncptuofajiicity of, 43. 286.. 528 

plUntliiciik iXcliCl of, Jfi6 

pfvintmitolopt dfctis of 28(^287 
rcl alive potency of, 287 

... ccljviij of. r« oyekw.i" ygrnasc i so fa mu, 

IM 

Norepinephrine, 457. 45ft, 755t 
curvaanl IV ::i n i >n rale for. T70t 
in bean rate Rrgublion. 567 
topical, nr hernustasix, 116 


NortVixacin 163, 1*5, 75« 

Normal Hum. l>7l-|2fc 
inannhn in, 213 

infection doe in, 129- I d) 

•rtf external ear, 1V6 

Of g a si ra i it I e M i nal trail, 12?1. 201 

ppiphykct*. »«ppit-inw rtf. 2*8 

of wkr.. in dugs, 191 

NkirmasoJ, electrolyte compoiHHtm of. SSi 
Northern WuttiQ|. 3S 7 
Nortriptyline, 45%, 462, 7564 
Noseaplne, 612 

Note, fungal infoeckmx yf h 615 
Nosocomial infer 'km, . SO 

Kuvrttocifu 155i. 171, 7561 

Nucleic acid characterization, 387-3S8. 3#V 

Nuiracnnicalv for oviBoarihriti.v 299-301 

rvfvtaun of. 2W- 300 
Nutnlwn. 713k7|f^ 

Nutritkmal tuppon. fn acute renal Uibroe. 532 
Nyxmtux 662. 756t 

o 

Otadiica]. cvUuidu], 65Bi. 670 

06ra(\. muiulin resistjoce due io. 641 
renal dj.4t3L%« Mid, 5.35 
OWim 1 B<fniipulsive lisndm 469 
Kial Sick, dernutills arwL 469, 673 
Otftfruchvc shock, 89 

Ocul .j diva-xe, due in kypntciiiiiil, 585-586 

81inxxortiCohl> for. 326 
herpetic 2.47. J96 

t/rgariisut' cuuiing, ! 2 Ie 
O floisciJL 155u756s 
OiL it Ccniniinulytit 66 L 

6.57 

Oliguria, defined. 90 

retiu] Failure mill, diuretic-s fur, 529-531. 
SJDl 

fluid therapy tor. 9fJ-9|. 524 

Olive oil, os. calhaitic, 501 
Ofcdirine. 4»5l '561 
OnMprajote. 4ft5i. 7564 
for g as Iren m cental ulccrahnn. -191 

due hr NSAlDs. 2U 

for ulcer pmphyUxi wuh NS AID ihempv. 
505 

structure oT. 48? 

OiKopiiKs, 399 

OndaiuetTxn. 48?. 4SI 

du»sfe lyr, 4S5l, 7$6t 
with cancer cltcrtiuOiaufVy. 335 
o.p -DDl>. Sexs AOtohinr 
OphihilioK divue h due to hypcrrtenMon. 
585^5K6 

|two«RkCdKl> fOf, 326 

herpClK. 24?. 3M6 
iirgwusnm cwring, 128i 

Opij.gpv. See Jw t tpifudf. vpccitK drugs. 

defined, -m 

(Ipiends 41*8-418 See *1 no spectfic dnipi. 
adrenocurlKaJ effects of. 541 

advene effects of 41(1-412 

ipMiisi, 412-41* 
defined. 4t)9 
.ii.u.’-.'in.'S, 417 
defined, W* 

(lv hetuvionl mnJrrKackid. 448 

for nldn ihse**tn. M 
for HMMXypk behavior. 4*9 
as on ad gerics ui ocute ptmtrcatiiiv 511 

MS «OEsJ&ii\es, 6lJ-6l 2 

as pvcjinnlhcfk medication^ 426, 426a 
central nervous xynern umiciiy of, 5li, Oft- 

412 


C Ipioid s if fmtin ant > 

JefiMd, 408 

dosage for, 413f, 426t 

dnij mteractinnR with. 4:12 

aadofenofts^ -wr. 408, 4rifi 
effects or 4|0, *97-498 
m self mmilartimv 469, 673 
epidural sdmrn iMratmrj of. 4l3i, *12 

fetal effecls of. 410. 411 
for behnvtoral modi treat mi. 468 
for sramai trauma. 42! 422 
for diHrtiea, 498. 506 

in stiiort bo»cl syndnuitc. 50 7 

for SUI|Kil| pain, 420 
gKtrutnmdiuL effects of. 49? 49S 
unmunomodulalon effect^ n-t, tfl 

in cnltcallv ill pair^ntv, 420 

in geriatric .minial, 29 30. *10. J|9 
in ptdufrw ani'ftal, 33-.U 

indJcatnm* for. 41w 
ioluiiL Jliun w;:ii. 723l 
mechanism of ctirti of *08 410 
nilltcd WHllA. 41 f>-4 17 

defined *09 

for behavioral iihvJiriciJitmn 4/iH 

neodJiul effects of. 41 7 
partial agoni-M. defined. 409 

plumucoki net ks of, 4Iff 

physic-.il dcpciKletli'E ,i -.■ Uilcrjhce with, 

411 412 

rccejrtrirs far *08-409 
drug sdecliviiy for. *09i 
•n gaaemmtolinal ind, 447 

scheduling 01.411412. 69V, 699t 

SlTUClUfT of. 4ifV 

Iherapeutic u-f of, 417-418 
Opiofvprins. See (ifwtutx, turns. 

Opium tincture. 75*1 
Oral fldmmictratirai, drug nierad i-tm* m. 
19-21, 21i 

Oral cavity, diseiuc «f. 503 

bacterral, 200 
nrg ami Hits causing. I27t 
nmnal flora of, L27i 
Oral idi|ifcMif shcrapj 202. *96 
Orange Hex*. 699 
Orbifloucin, 15% 1*5. 75*4 

*tracture-- 1 ctiviiy retattnr4iip of, 162, /At 
OrgMiyphnsphiiics, us uubcl minti s. 368l. 

269i. 27$ 

r ipua . anlipwasilics. 6*3 
fltp^nn (uupemnde dismura^ei. 3t>l-302 
dwage for, 28*t. 75t« 

OnnctopniiL 260 

phamiBCEikinciics of 1611, 260 

reaiwaDce lo, 167-168 

sulfili Litlldft with. Sm \ uifemt. -nidi «, 
fkHtwutird; specifk comtuiuiiooc. 

Orphan drugs, 

Osmolality, 75-76 
nr eenunen: ul fluids, 85i 

i i,.i..-- i.lii 1 ,, .i, ■. 296 297 

dikau-!ti«lilyi]t{ agents Ibr, 297-301, Mtt 

m 

gtucm flKoids fun 324 
OMefldy^irr^ih), remtl, 559 
Ostwiralaiui. due to pruiudune 442 
Otstorriyelitii. hacrerial. I79-3SI Hit 
organisms causing. I28i 
Oueopornsia, due in j*-.. ... ..ci.. .! • 326 

Jl.l: to hcpailn, t2tl 

Osteosarcoma, response of. in Umtmem 3.12 
Otitis ealcmi 196-200, I97l. I98t 
acute, 198-1 w 
hactarial. 199 

ccruitiinuu'i (vhnrfhek 199-200 
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(Ji-'l I ,i ■ f >■ I .,.5i 'Jf 

ehr-nitc, 

fJiiLiH-tHlfeJOkk for. \2\ 
m III.- taf irift?* Ju-'I *-j(h, |7R 

■ -i j..'! \.‘:i .1.1 .i'ii I28t 

patF :ipby mdogy [jf, 196 

Otiti interna. 178 

( Kill HX'dli, 1^8 

Oltrtirtlf* 199 
Omuuicil). 51 52. 51t 

ot anUIKlgl V L<lvid|cW, 5l-52 r li*2 

i>f furov?iTiKk L . 52. 524 

otitis etfsttu irejifitetti u d 197 
■itiliis menu Ural mem and. I7H 
< lv r. mi cv*t* lotlfrCVlitf, hit X 6iM—68 5 
Ovci Ihc counter drug, defined. 604 
ukiiul), iiuIlilIumi til. 'I-*..: 664—6N5 
OvuIjTh*i lulling, wifi 
Ounfi iMwcixnpliwci:, ih.-i |-i jr. drug 
rivoiiiuxifig in iJcnEif 1 ' i -r iif, 61 

OiJLtllin, 155-15* 

■ fur, J S 't. 75M 

fix •. ***._l I. ... 194 

sira^ptfriltEY ie*i t ■■■■■; ■ ■.' 111 - -i for, 1 *V 

Ou/^piun. 4-s IhtliilvtlC. 466 

as appcmc ^licnulitnt. 4SZ 
tliK^c for. 45Mt, 4854. 7 Vj( 
stnii turr «f. 434 

OnJi'ihliTEilc, 7 ' hi 

i'' >v .11 . i' 26Ki. 271 

■ :.l l! \ k .ii hat „.. ■ riv w :l I 'h 

hcpacnloikilT of, 4? 
i jxhUi- 1 on. m dnijL nkktbolr-m, ll). 10 
Oudi^ j ^lltilOM,. nutm, IIP, lift 

(>4yhLiE>nilk 544l, 756* 

l-«i fplm- ymlLJgw: syiuln ?"?, 54S 

fix hypcri. intriLlik bSjdtfcr. 544 

fK.i.xli r. 416 

Oiyfcn dcmanJ, iiiyiY/anUiil, dcIcmiHMn^ tsf. 

* 55fi 

(>JLY£Cn ladled.*. See j|*<) lipid pcnnuiulvir 
gluii w .■■: ,hl- as scavengers of, .9)6 

m -i 'I ii ■ 'i. y IClpOtaC, 2ft3l 

in iissue injury. V15. $03 
lissue djnuigc due ii . in shock. Sk 1 

(Jeypoi tension ■ ■ -i -\ antriiKT.’b. i| efficacy 

jEkL J 39L |4l> 

fMyiftn therapy Uw snu4t* inhalation, f>21 
I } pel Ke ; i.iV for tiMCUKIiy dim. 189 
Os . j Itutnn i ' 

in . i ■ ■ ■ "I 1 1 11 1 ’ i i ■ k ->■ >■ lUHion 5901 
mienscEtotis witfj, lit 

O* > mcihnlixie, II 2i. 756i 

Os ymi irptwrc. 4 HI. 415 

■ .. ..-.j. for, ■( 1 3 i h 426i 756i 

Osyli'InMjScIlnr, 155*1. (69, "^.SfK 

. .ii. r .• al m4uIlshis of, imcraclinm wiik 2ll 
OlVlucm. &7& 

tf 

[ • : • i • i ■ '.»iH iltill ' - Of . 6k I 

llhiiJiHI IV mfusiim rite (iX, 770t 

dumpc for, ' 
for dystocia. 6k? 

| .ULtileral ii-Lcui'i ■ of, liikiL h.cions 2l[ 
OsylrijihyllitK:, WI7-WW, 6fKl, 7 56l 

I .k , ii..'.;; [issues uf 1 :..r. 556. 556 
Packed eel! tuLunK 1 . hfotvJ dirve L~jk L dlj[nJ 

fruiti. 102-104. 102i, 103 
Pacllt»Yd, 757f 
Pain. itcule. 405. 407 

L-hfnCK, 405 4D7 
lIj. 1^1 IkJluHi ij. 405 
L'lirK ii nv -£n lum nC, 4il7 
dHilrul ol 407-422. SCC all Aniline tm; spr- 
eitic analgesic drugs jnd classes fif 

dui. 


Pain i Ct*nlinu*d\ 

dosages fix. 4|,3t 
endogefUiLit. 407-408, 40H 
in ennui OiufiM, 421-422 

m stiUvaJ tl Intis. 420—421 

in feriatrk w.«muls. * 19 

pehvftmiVE. 419—420 
medial ltts . if. 406, 406 
pcrc cptiufl of, ilJ* 
rerspoibc h>, 406—80? 

■n.y k .j 419-4 JO 

iruibmission of. 405—106. 406 

KpiKlnintc, 655 

PiiHTcas, divw iif See iImi speofk discdH^. 

fluid therapy lor, 9J 

hi jgltKOsr MboH'-tn. 656 
P^ncruiilic cp/jfinci, (Uisage J-t, "57| 

Itr c ui' i iAe pane i cole iibuflic mlcy. 511- 

512 

m short fcwwd ^yndrame mdEmgeroetU. 507 
Punercalie insufTieicney. 511-512 
digestive ciwymcs lor 5(>5 
liivumiK r^vccpaoi ^MjLonisiu Rw. 491 

Panereaiin, 4k5t. 50J. ?5?i 

I * .i! 1 l* . it 1 1. ■ a . ate ,511 

fluid iherapy for, 95 
dtahelcs mellitus and. 659 

due lu didannsme, 243 

.-I%jl ■>. ■! j therapy and. 327, 32k 

PunturuAiiiiD tmwjiile, 4741. 475. 757i 
cn i't-uw IV infusjnn rate fur 77IM 
PSflltlrtnEKma, reh.i, , 23(h, 246 
Pan 1 1 4 hen h.- atid, 7|4| 

Piindojucil Kwlcnikin. due so ifuinidine. 569 

f\ifLt£onimui kflkctrtti infn (ion. 619 

Pamuitluenza virus, cjintnt ixachevtxDochki^ 
due lo. 23J9 246 

Pardyik, phiui[ia;ulegji; H after hud imum. 
453 

Parasiles. S« also /frartnem 

Helminth in/e. w, specific itrajp and 

classes eC dmfs 

cutaiUMJs, j - r i’ii. drugs for, 665t 66SU- 
MW 

topical drug for, 6*2 -663 

: -i_li u n ii . 619 

Pjraihyroid giuiid. di < l w*t of, 632 636 See 
alto speeifk diseases, 
in ^akium bonuswiris, 632. 633 

Pjrtfunc. 757| 

ParenuraJ udminisuuiion. Sec al» specific 

mute 

i.- u ■ .i. ■ 11 • (v i. drUf! i 1 1 -_' i jl Ii■ i; !■■■ III. IS--19, 

201-111 

pli dl, drug dispoviiiofi and. 19 

PjriKTkiniyciii, ?5?f 

Pi/uxcdine 4,5%, 465. 757l 
Partition oieflicienl, absorptiuil of topical 
drugs and, 655 

Puniuun ratio fot hroochuil drug 

eoncmlnUKififi. I M2 

Parvaqiumc, 757i 

Pjrvm-inti entiTiiii, 23fti. 244- .145,. 506 
fluid dxrapy m, 92, 245 
pjviivr diffuMHi. drug mmemrtU bj 5-6 
Pteak p .. .i ... drug .. i ru. L £niratinn, 67 
sample colkdion lime fix. ^5, 6H, 7D 

PkdiilhL ,MI II d ls S*L also Snmutrs. 

defined. 3t) 

drug disfUMtKxi changci in 30-33. 3It. 37 

tpe. ifie dmg therapy fur. 33-34 

Pegasparga.se.. 3 45-346 

hcmnlmc. 46K 

fVmphi^wl. ■: !l '-' n 366 
Pemphigus, dm; eruptHxiv siniulaung. 53 
tnralnicnC of, 366-367 


hxnrtelnvir. 24 J 

Penetnioon cnlmiccra for protein mi. peptide 

390 

iv-Peokillanline, 757t 

fix copper lostens* 511"* 
fix cystine uruJithum, 52 ll 
Fcitki.linlsj. (53-136 7371. Se= also 
^InrfdM amlilm'nki., specifn: *ugs. 

■nunngljfcnijdt inaclivattoa by,. 19, |46 
tuudctiiil penetmion by, 1 82 

clasufmhnn M h I5ll. 153 

foi aclnumycwis arid nocankous, 209 
fix wwcfptne tnfcclwfu 21 5 

for bumlisiiL 2i7 

for kfnitfihiKiiv 208 

for utiiury tract infecaiom, 187| 

Menu (tonal uni? of, 155 


pafttueml wlptiotte <d, ante* 
pharmacokinetics, of, 157 
g true lute ol + 133 
ihyruid efforts of. 54r 
Pciucdhn Cp. 152t, 153 S 55 


lioa -s uli. jih 


dPHigC foe. 1551 177[, 7,57i 
ft nt anwerobi-.- mfectii >riv 11J 
fur urinary im« iAf«tium, i R7r 
nuitifiium inhibitory concerrlralMns for 
selected me.ini'ii lor, 132l 
pamtcnl solutions of. intcracDcnM wkh, 211 
phfltnMcEjkinctie^ of. 157 
rciscivc efficacy of. 133 
EUsceptihiltiy u < mopmmwm for. I3X 
PeniciHw v. 155. *57 


dosapi for. I5.lt, 7J7t 
Pentoinin-teiyihi prmtm%, m bucttrial cell 
*aU, 150-153. 133 
Pennyroyal <oil, 663 
Pailanudinc rathionalc. 75?t 

Pen la tii d tornuni asiic. 507 


PentaTixinc. 4131, 417. 757i 

for befiJHiafal modilkaiicin. 468 


receptor selectivny til, *0% 

Pen [ otaitwtai, 7 571 
s'OQiJUuil IV iofinion me lur. TTfli 
lot acute seizure m*magcmcni, 438, 450 
fix head if-niii- i. 452 

partmunl iioliitioib of h innemelraiv wills. 21i 
Pcntoun polysuifato. 2841, 7571 

l(r oslecSixlhntis 299 

fir vcptic arthritis. 111 

fix urinary tract mfecLtoa. IW9 

PtefKOMfynine, 30J-.3O4, ?54t, 757i 
for d ertnaf i*i y cru u *. 367 

fix srpais ^yndnxiK, 201 
Peppermint-car aw ay nil. 504 

Pcfjyrv 485l, 503 

Peptide drug therapy, pnmdplc^ of. 390- ,191 
Ptriaciin. 4Wt 

Pttiafial HsUJh. cyehwpww fix, 3Mt 357 

(VOtffldtttl ctWin, 587-588 

Pcfiodnotal disease. 200 

Pe ri p h e ral nerve ^limuJaitinn. f™ reimv 

muscular blockade monitoring. 476-478. 

4?y. 47ft 

Pcnptienl moupi lyintili. m pcriHhi tuiimil. 
29 


inyuay to, d n. 10 VsiKrisliito, 339 
Petisialaik 493-494, 49J, 496 See also 
Gaslruimtitiuat fnjL'f. motility of. 

PcnLunciJ liulyua, -41, 542 
fix pefiiuEiiiti>, 205 
Pen Ion ills. 203-2115 
feline infecriuib. 23«l, 246-247 
nYterferon q for. 247, 373-374 

pericardia I effonion in. 58 R 
Fftmethnn. 658t 

PtiTH tmisseL 301 
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Pernicious anemia. Iuh 

Pennygen compt »iirid'>, a-* gcntikiidc*. 254 
IVrpheru/jne, 459t 

PrrlevhijfCate uptake lest. m hypenhymtdiun 

diagnosis, 63ft 

PrKlnklinr Jwc Mrprriftinr 

PcmoliiujiL 757i 

P-glvcopc-c*icin< in multiple drug resistance, 

m 

pH a* xiie «f infection. aiuimkmlvi.il efficacy 
and, 09-14(1. 1 39i 
g utri i . bacterial infection and. 201 

dnig mieracinws invoking, 22 

of j>.iiTnCi.Tal mVIuekuis. drug divpositioa and, 
19 

of urine. See aha Urirnr itiidtfi.. rtJkMV tViric 

alkalimx ir/mt 

jniurocnifaai therapy for twmary iract 
iftfcctHH and. 189 

drug interactions invoking chan|« in. 

24 + 2M 

renal excretion rale and. 10, // 

therapeutic altrnaiHtt nf. 526-527 

passn-T diffusion and, Mi 

Pharmacokinetics. 3-13 h 4-/3. See iho 
Diipusiikm t*f drug*. 
cimsireiettng profile of, from therapeutic 

drug monitoring data, 65. 6ft, 70-71 
sample collection fur. 65. 6$, 70 
drag inkractiew involving, 22-24, 22i 24t 
of malefiul lei j] pi*. tnlaJ uml. 34 

of protein and, peptide ikup, 390 

ITic-naimd me iscthkuute 757i 

PkiwropiTHlinc, 

Pbcikkurhilal. 439^14 U 7571 

acme tmkmri due in. 441 
adverse reaction* to. 42. 441 
central nervous system lot icily of, 5h 

dose modi licalxm v,iih, 436-437* 4J7 
diug mitriiclKHis with* 434. 440-441 
carpmlcn, 291 

chloramphenicol, 64. 170, 434 
eli Hrj/epale, 434. 443. 446, 466 
cyclosporine. 356 
dignxin, 575 
fd hamate. 449 

m iherapeulK' riKirntutinig. 72( 

n Kin *ixb rede. 265 
pbaytoi*, 434. 444 
foe hchjviuraJ modi Til airon. 467 
tor seizure management, acute. 437 4*8, 
440, 44ft 
chronic„ 439 

for leLiinUiV. 217 

hcmaioliigic dinwdm due cu. 56, 56c 
hcpjtrtoiueiiy of. 45-46, 4ft, 441 
pimniiL'rjl aniuucwtt of. i naerac i n tiv with. 211 
ptwrTuctdoneCicc of. 433* 435. 43?l. 44fl 
ctfix ture of. 43J 

khctapcutic inutmccmg of, tiise mlxJic* of. 

62. 64 

drug uHeracliuns. ill. 72l 

procedure far 68 
reference data for. 63t 
ihymxl effect* of, 54| 441* 625. 629 

I’ticikih. a* licrmiciJcv 25/, 254 
f5ienothin/mes See also specific drags. 

adverse effects of. 461 
as wueroetkv. 4*7. 4S7 
li nu nit of odminictratiiwi of, 504. 505 
central nervous system tonicity of. 5 It 
clinical irtdjuatMwU few, 4ft | -462 
drug i nl cruet urns with. 461 
opioids, 41 1 
ptienylom. 444 
for pain, 4 IN 


Phcnothia/mc* (Omtimmlf 
for tetanus. 217 

phjm mlogic cffeels of. 4604ft] 
scirineti due in, 439, 461 
skin lesions due lo. 53, 53l 

tlruclurr of ■ 460, 460 

Pticnus ybciuanune. 544 l 757l-758l 

for feline urofogie syndrome, 548 
for hypertonic urethra, 546 

whh dKiraeoliimhitf disc extniHHL 454 
Phemobnunc, 75*t 
consmi IV mf-uskm raw few, 770t 
fttenylaJanme mustard. rmelpluLank 337 
for feline infections peritonitis, 247 
Phmy lhutajtinc. 292-293 

adverse cifeeLs of, 28?U 292, 293 
dosage few, 284*. 75*^ 
hematologic disorders due to. 56, 56t 

phcnyfain interaction with. 444 
selectivity of. fur cyclc5crTygefiai.sc imiEuiuiv 
284 


Etiymid effects of. 54| 

Pfienykphrine, 758i 

as dccsingmuiiL. 614 

cunstanl TV infusion rate fur. 770i 

fnr hypotonic urethra, 545 

porcnieral soluluofis of. mtcrnclKWs wiiti. 2ll 
HtienyIprcipannUmiric. 54 3t, 75S1 
advene effects of, 545 
for hypistonx urethra, 545 

for urinary iiKondiocnce. 687 
MienyUun, 442-444 
as anlunfiylhmiv, 563t, S71 
dosage for, 56.V, 75K| 
drug interactions with. 434. 443-444 

cydkisponiX', 356 

in therapeutic monitoring. 72a 
neuromuscular Wockcrs. 47ftt 
phcnobaitulal, 434, 444 
few Miavmral modifkatinn. 4*7 


fat digitalis intoiicaiion. 571. 577 

for tricyclic mEkkprcss,nnt potsoning. 4*4 
hepatntojiictEy of. 45. 444 

puiLTiLcT jI Mihilions of. niici.k ehmis with, 2ll 

phanmcokinctics of. 433, 4t4, 445 

skin Icsiuns due lo. 53, 53t 


structure of. 433 

thyn.iid effccis of. 54 l 55 

. due m anlicanccr drug cmroac 
335 
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Hiosmel. 663 

Phosphide. S« also Phunfdmni*, 

dosage for, 62*t, 75ltt 
for duhciic kcuML iLknis, 642 
for hypeiealcemu. 626t 

for hspophiisphatcuuii. 87 

hyprrparaihynwilisni in chronic renal failure 

and, 636 

Riosphale enenuts, 75?tl 
adverse cffecls of, 50-51, 501 
fhosphodiestcnse inhihitotv. 577 578. See 

also apcrifk drag*, 
as hroeichodi lalors, 607 
Phosphomethmyethyl adenine, lor I c fine 
immLrrHxkfieieitcy v irus infection. 244 
for lelirsc leukemia virus ml evEKWi. 248 
ftKMpbonofarnK: aetd. 242, 746t 

RhispfhWlLS. See also Pha^htlr, 

dietary, in chmmc renal failure, 535 
disease induced changes in. 80 
hypswaJcntua doe to excessive adnumstra- 
tM» of. 87 

Ilsxisfihiwtis hiodi-fv fur chronic renal failure, 

5341, 535-536 
ftithalysulfathivnk. 75K| 

Ptiycotnycosiv 234, 507 


Physical dependence, on opioids. 41S-412 
Physnstigmine, 758( 

for ivermectin inunkution. 50 , 26S 
Phylcmadtivne (viiamm K |, 117 

(kt fnr. 112t, 76l3t 

for rodenuotk pmsaoine. 122 
pcitenteial ssilulioos of, intci jc Lions with. 2 It 

Phylrtoitijis, 7245 
Ihcfinotut. 7581 

for drug induced ceraril nervous sy siem tnt- 

iciiy, M 

Pi Uscarpioe. 75Ki 
Jhmoode, 4854, 758t 
PindnM. douige ftw. 459i 

lor behavioral modi fieaitKwi, 4*8 
Pine oik. intoxicmkin with. 724t 
hnocvioviv, * 

Piperacillin, 156 
dosage for, 1554, 758t 
efficacy «#, pH and. 140 
for ajiaerohx infections. 215. 216 

minimum inhibitory coneeMrMkw lof 

tdccvd organisms few* 1321 
susceptibility lest interpreEation lur. I35t 
Piperwririin-la/obacUun* 7621 
Piperazines. 26J9, 2*9t r 272-273, 15H4 

Pirncicani. 284 1 , 294. 758l 

advene effects of, 2871 
for cancer. 346. 549 
PHuildry gland disorders, 649-*5 1 
hypogonadi sm due to, 688 
PH\miporum <Maia%ir.^a} infedion, 232 
ot tli s c Meow due to, 199 

Placctm. drug ittovcmcHA across. ^4-^,5. ]9H 
Placental gtmaikiEfiipins. 679 
flasmu, few acute pane real ills, 93. 511 
infusion uf r 104 

platcilcl rich, tor immune mediated thromho- 
cyiopema. 366 
storage of. IDK IOL I02l 
Plasma clearance, 13, ti 
Plasma drug c note ttl rati on. as stand in for 
i issue concent ration. 3 
deiciminants of, after fixed dose. 3-5, 4 
flnctualEon of eIitnimatnsu half-life vs tim¬ 
ing interval in. IA 15, 65 

minimum tnhihltirv cHirx'ervtiitlKm ^nd. M7- 

lUflf 

peak. *7 

sample eollectKici, Einx for, 65, 68. 70 
trough* 67 

sanfik KilkviHifi lime few, ft5. 6K. 70 

Basmp drug conceninitiati v v time curve, 3-5. 
5 

sample cc4lectirm lor determ mat ka of. Ms 

Plasma s4erilira(im. 254 

Plasm ids. aiMimkfohwl Rttsuncc incdiatcd by, 

143 

■I reo nuNiuinr leehnology. 387*588 
PlanbLs, drug binding h> + 19 

P1iUcicb>), anifacTLUil hsperkak-mu due io 

tyik of. m 

ospifin s effects on, 123 

hepaiiri's effects ewi, 119 
imerfcukim' effects on. 376 
Nh AllV effects <wi. 288 

sionpe of* 101. I02t 

v incttMinc - ioatfcd. 101 

Pliieki activaing factor, glucocorticoids' 

eflect* on, 317 

in mtlammalnry respnose. 2X2, 283t 

in respnnlury tract in11i.Lmmjtu>i]. 604. 606 

piacelei-ocfi plasma, for imruune-mcdiiueti 

ihr lmH hot ylopertu. 366 
pleu ml disease. *21 
ileutj] lavage, few empyema. 621 
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Pleuotlsi or^&niMIU lj;j- n.;. I27t 
PlnjrntkMx, 621 

Rheumy ciu lnuthraniycini. 635, 754t 
Pncunnnii, asp lMum, 620 

bwicriil. 183-IP, 619 

myunw;. M« 

PtifununiliiL jJler^iL', 165 

in fitartivorm <kwea*e, 59$ 

in talc, 59lt 

Pnisnn See also two lii'firfon.f. Bpeofk ionic 
Agents, 

'■'Mr ^ ■ I 43 

^lyurthntis. IeIiv chfwtnc progressive. 36fi 
Poly(Jjpsin. Jim* so glucocorticoid* 327 
pnttuiy (psychugrtuC), 79 
Polyethylene glycols,. 7fi2t 7ft.lt 
aes vehicles for logical drugs 65? 
Polyh>tlmhJinc. for ear rruie^ 199 

I ■( utiiji ?iicnv, |V7. ]VHt 

Polymerase thiuii iracl i 1 1 187-Utg, ,fW 

Pr>l>-iTiiiTphcatiickv kiAacylet. m 

nflannniafriry rfsjxtasc, 2(1, 282 
NSAtPs’ effects on. 2H5-2S6 
Mynsyiffiuji, 368 

h)l!fmywBM, 1511. I7M72, ?63l 
tor shock. 591 

neuromuscular Mar ken r m.i.k n ■ i ■ ■- Mjth. 

47ft 

Pnlymytin B, jcrvmoi therapy with. 6t5t 
endurosm lundmf. by, 191 
for cHili i . i '■.■ i:. i 191 i 
t'"l y ph i- 1 .- clue lo glucocorticoid*. 326 

FWytulfated glycosamitwpJyiLanf, dosage* for, 

2R4t. 7Mi 

For oweaMihr iii, 297- 299 

far •••-•■: •• uihnin, 111 

fi.sr urinary tract nice bon, 189 
PuKuna, defined, 90 

due to glucocurikuids. 32? 

in healing phase «f acute rttiaf failure. VI 

teflal i.i.Iuil wilA, fluid ihdipy for, DO 

Porms. wtinkrnhja] penetration into «1?> 
Ukruugh, /3V 143 

I' 1- : ■:M|!|| 'll ;■ cffnl, W, ] 17, /.?# 

ISiUpanum metritis, 6X2 1 . '4te 

s j ■■ i •am disease ndmd dunge* in. 79 -80 

m 

for.. .i ■ rtfiitj failure, 311 
far wwcJtia, Sfc 

far shrunk' renal t.ulurt, 336 
lor diabetic kemac kIoms, h4 3 
for digitalis iotraicilrine 577 

for vormltng, 92 

in cardiac muscle .*1 j».«i ptfenluil. 333. 336 

m eMitutHfrviid filings ~SS 

plasma concentrations of, icfcttihr range 

tor. 79-KO 

leguliiikm of, 76- ‘77 
ifiul transport of, 313-516, 3/a, 3/? 
l^ouMium bromide, 446. 737 l See also 

ffnruwdrt 

Puraviium chkintlc, 7 3Vi 

constanl SV infusion rale lor, 77tH 
f*i' theiuiK mud failure. 336 
oral, for hypokfUcnua. 86 
parenteral vhiiuuirt of. itiicrKikHh nidi, 2It 
Potassium citrate dosage for, 32 it. S'uK. ?3vt 
for ^ak'iuri i stales- arohifo*^. 526 

for chrome renal failure, 5 ?-lt, JT6 
hit uine alkklinuylHin, 5211, 326 
li'ith mi :t ujs* therapy, for tvypokalcima pre¬ 
tention. 326 

INusviunt gJinooiR, ?39t 
hn t tin .i c : i ii.-.l l .ci urc. 536 
for hypt 4calemt i. 86 
Potassium iodide. 759* 


Pou-tAium iodide fCwmitiii 

us exprtiuram. 613 

for hypeithy rodili -.m, 631. fa 32 
S'lpi-reamrai, d. 1 1 ^ spocotjhas i ^ J34 
Lhyrud effects of, 54t 
Potassium permanganate, ?3Vi 

PollR-iSIITl tjhi -.f’h.jLi;, DOCtllAnl IV iqfr&HW I.lLl- 

for 77fh 

dosage few. 62-64. 7j!U 

for diafcriK ketoacrioiik 93., 624?, 642 

for hypwfAofspfatemra, s 

Piatu«iDin mliiNn unnir, aa unlwtic. SCO 
Potency, defined, 4 i X 
of opioids. fadon, affeeling, 418 
|fo> idow-wdine. 25.3-254. 759t 
as anlifongal. 2,31. 212* 

for hepatic encephalopathy* 309 
for mmI aspergillotii. 615 

for outia eiif'ia. 197 

for perifonitis, 205 

for swgical ujtisepsis. 256 

fof DMKiad tfliisepnn, 256 
'Praiadcnime chloride, 76 3t 
pare tie r*J idlubmi of intendiona wiLh, lit 
PraxnoKine. 6581 

Praiiquamcl, 26 Sl 2 Wl* 274. 759l 
far pww lung disease. 619 
tn tonsfe«itatjt?fi. anlhe.ltininlbeL, 276 

Piuoiin. 366-56? 
d»Mfe for* 3631* ?S9i 
for feline urakrgk syndiumc, 541* 
for hypotension tn ebrnnk mud fniure, 

5344 

fur by perl am e ittvlhn, Mlt, 346 

PitaKsiheiic oedicibant. 475-427 
Ptedmsalude. 321 

cyclosporine with after renal innsptantd- 
twin. 3:33 

dosage foi 3I7|, 334t, 56St. 6001. 626 l 

6651. 7591- 7601 

for ttilerjit contact (knutilii. Ml 
for asthma, 61 7 
for Mopy r Si3 

for central nmw syMem irnuma. 324 
tor dirtwk acii vt bepateis. 510 

for eawncphilic granuloma, 367 

for feline i iifcctimi* peritonitis. 247 
for feline urotofk syndrome. 548 
few hypercalcemia, 94 
for hypQtdrenuratjciun, 626t. 643, 649 

fur LmmuiK-medialed hemolybe anemia. M3 

far inflammatory hovel douse, 324—325, 

JOS 

for imraotutaf ntnammaaion, 326 

for pemphigus. 566 

for (KwiDiKHiiit. in heiitawiD diaeasc, M 
for pawitus, 671 

for sepiit shock, 306. 325 

for sktn dbusa, 665l 
for Bier«d-[es|»niive meningitis, 324 
for th medium bar disc rititisnt, 454 
iiriineprikzine wmIl T70i 

ft ilh mi rotane therapy for hypcradrcnocraTi - 

chin, 64? 

Ptaini*ore, 121 

mm for, 317t. 354i. 759t-7fO 

fur nslhma, 61? 

for tiiiwr. 346-347 

fat Id me tufineyhili • grasuikwna complex. 

m3 

f«r Id me utufogk syndrome. 54k 
for gingivilis and flunulUlis* 325 
for hy|Haull«nAeacti^ ran, 649 
for immune MTicdiateti hematopoietic duor- 
den, 326 

far m> 2 L*lhtnU gravii, 54)3 


Prsdmuanc (Cnnuitim4} 

far cECeuurihntis, 324 
far pruritus, 671 

for gnmilam*4ari£, 62n 

skin lesiuu due to. 51. Jll 
pnftaucin. 164 
PregTumcy, See also feftu. 

ilrag disponrtion changes in. 34-35 

enkwnetnbs ireatmeat during. 190 

gliKKonicnid UKh 328 

Pregnaacy termiObrion, 6A2t 616-6B7 
inapprupriile harmonal therapy for fc 688u 
6S9 


Preload, dTcets of reducikm of, 560 
Prescriptifw dnigs. fOl-702, 70l( 
(Mveviauons sued with. 7Wt 

defined, 694 

PnservKti Ves, in cvystalloid soluliofb* adverse 
elfetls of. 84 

PtimmpiiK phtwph«c. 7yh, 760l 
Primidone, 441 - 442, 760t 
dditnr mdinH to. 42 . *342 
for hehavioril trioliftcaaiaB. 467 
hepntofeuirifty of. 45, 442 
phamacokiDctics of, 434, 4SSt 
structure of* 471 .1 

therapeutic pthibtonng of. data for, 63i 

dnaf mici n. luirv, m t _'t 

FVubnttckL fttwcihuk uttcnctioiu iib, 
524-325 


thiazide HHerucDuei »>th 322 

PruaitOaimdc. 569-571.1 
consLanl IV infusioGi rate for, T7ft 
dotage lot, 56-3i, 760t 
for digitalia iomjiicartHjfl, 5?? 
for- shock, 5901 

for vertncular arrhythmia, 58? 
in gastric diUtadwVirfYului romage 

505 




meiabolism of. 36 

parmcral ndauoos of. itueracuoas with. 211 
stnKturic of, 564 

ihnapetfic momtcnrvg data fur, 63 1 

Procaine. pajeaieraL wlutmu of, inacmiinns 
with. 214 

Prwaiuc pea ri I Lin. I55t, 157, 757t 

far dilu aVnu, I97t 

Prochlorperazine. 487 
dosage 4ft!5*. 760? 
for acute gHlrilK, 504 
nopropamide with, ?5ii 
putmKral foluiotu of, iuitraaions with. 2If 
Phd^narphm, 4m 

Pmenfcephalin. 4CW 
ftiynla^cns. syodmic, 680 
Proftstomae. 679-6*0 
acre meg aly due lo, 650 
commercial avuilabiiiiy uf h fill 
for lufoul muifficifflc)' 685 
insulin resistance due to. 641 
serum concoitnUkn ai’. ir ovulatory failure 

diagnosis, 604 

Phtp^linr, far behaviuniJ mutllfifc'dK’R, 46T 

PnjfjewiOfi, in cucioo^enetH, 43 

Prutlnrlk agents 494—496, J95 See alu> 

specific drugs. 

as atjneltiellrs. 418 
4i >r nKgacohm. 308 
ftolacuri 679 

nctxakfi(ii r » L effects on, 461 
suppmsion of, for .css™ nduction. 683— 
604 


Ptudiume. 487, 760t 

partn(end wluikms i>f. ifflomiom wilh, lit 
Promethazint. 7 60s 

pareruera! Aotniinns of. iateraciinrH with. 2 It 
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Promrlhari nc f Coatitused} 

>(njtlurt of. 4&7 
Pr^xlulin, 3&4 

Protm^mn. il carcinogenesis, 43 
PronpjamclatkKQrtm, 407. 40 ?f 
FtopanEhelinc. as anlJ.arrh)Thmic. 573 
as muiefnttit. 487. 4*it 
dosjiJc lot, 485l, 543t, 760t 
for fdmc wmfogic syrtthraw. 34R 
ior bypocmrKtite hbdikx 544 l. 545 
PnTpvomazinc, 

Pn^mmtinKtenum m tit*, as iiiuminiFstjmuiuitU 

36]>* 76 It 

fur ^wlcntva, W 
Propofol. lb 11 

for yiculc seizure managemeni, 4 38 

For anesthesia, 428 

fur hraJ traiinu. 433 

neuromuscular hlocitch" inkractimu with. 
476t 


(Mrcnlcnii sohidHts of. inter*. Uoeis with. lit 
Propruyphcnf. 416 

phcnylotn interaction with. 444 
Propranolol. adverse eIIcvts of., 42. 571 
us juiuurrhythink, 563i, 571 

dosage for, 45%, 5348. 563t, 7Mt 
drag inicrjH irons with. dmcudiiK, 490 

dinsepain. 479 
lui'iSMJimde. 514 

for hchav iora| modification' 468 

lot hvpcrtcfluuih in chrome rend IilIujt:. 

5 341. 539 

I of hypertlivroid carJioimi]paJh>. 63 1 

for hypcrituf+ik' caidinmyopaiiiy. 584, 585 
parenteral sohiliotii% of, interactions with. Ill 

thyroid effect* qf, S4t 

pTO|>>lcrw glycol, as ceramim >1 stic. fd»l 
as vehicle for topical drugs. 637 
Propylthiouracil, d^-mge for, f>26t. 76it 
for hyperthyroidism. 626t. 630, 631 

hcmiiohiEK" divnrtkTs due io, 56. 5f* 
thyroid effects of, 54t 
Prostag laitdini a i. See also specific 

prostaglandins, 
for immunumodulaEinei. 363 

in inflammatory response, 282. 283. 28JW 
in respiratory trucl inflammation. 6fW, N>5t, 
606 

Itl Wptic shock pilllKlVtTMTMS. 304 

mhihumn of synthesis of. in drug - indui. i d 

nepfatAmkity, 48 
mechanisms of, 2*3-284, 285 
thyroid effects of, Ml 

pTr^plaodin l , cyt-oprotocti‘‘"c effect* «f. m 
pMAiinledinul mucosa. 489. fl!V. 491, 
49Z 


in gastric mociliiy. 494 

m ]n!l.irilnulinS rftpttiw, 283 

Prosing Lindin F ; , ndEcnocorULnl effects of. 54t 

in respiratory tract m (laminal hsh. httft 

Prusiiijjbndm F. .. cumimvuJ jvniUAiliiy of, 
681 


dosajtc for. 7611 

for evtruv induction, 684 

kw pregnancy lenninatiofi. 68(1. 686 

for pyocnetri and postpartum meirnis. 6,86 

■n respiratory tract inll*inmauun. 6D6 

Pn niai ic carcinoma, 687 

ProsiaiU. hyperplasia. htcoign, 682c. 687 688 

inappropriate lionnotnl therapy for, h*8i. 
689 

Pro Mali las, hactenal. 190 

Prosthetic do ices, roieumvdilis and. IW 181 
Protamine, lilt, 76 M 
fur heparin overdose, 117 
Protectants. #s vehicles IW topical drugs,. 657 


Preprints It as avid buffer. 77 
durian, in acute renal failure. 532 
m chronic renal failure, 532-535 
in glomerular disease, 542 
met ahnlivm of. glucraraticrad*' effects on. 
315-316 


plasma, in fluid deficit esiimaikm, 83 
holeiQ binding. nrilmiKuilujI therapy and, 143 
changes in, in fiver disease. 27. 27l 
in renal disease, 25. 2M 


drug interactions involving. 22-23, 23l 
hepatic drag metabolism and, Id. 2ft 
hormonal drug effects involving. 55 
in genuine animal. 30 
m pediatric animal. 32 

response to diuretics and, 518 

species and treed differences in, drog disiri 


billion differences and. 

volume of dmnhutton and. 


33 

8-9, 9 


Protein drag therapy, principles of, $90-391 
Protein hydrolysate, parenteral solutions of, 
interactions with, 2 It 


Prueiit-I using enccroftadiy. fluid dsrrapy fra, 93 
Proteinuria. furosemute use in, 525 


ImtimuutLs on diuretic response m. 518 
Proteoglycanv, in articular cartilage, 296 
Prvtriu mtrabitis. in hum nun inhihnury 

concerttruiions for selected amimkmhi a h 




Proton pump, in gastric acid secretkm. 489, 

■m 


Proton pump infaftabn, for gastrointovlinal 

ulceration. 491 
due to NSAlt>s. 504. 505 
Pfi^otmL-t^ieiiev. 399 

Proui/oil urifaefhM, 158-265. 258i, 507. See 

also specific infect urns 

Pruuiptyline, 459t, 76lt 

for narcolepsy, 471 
Pruritus, chrome. 670-673 
drug-i nduc ed. 53 

P^eudocyevis. 679, 680 

signs (if, finmioinal therapy for. 68 2l. *86 
Pseuduephodrinc. blAlt, 6l4 r 7ftH 
PvadmifUf species, taclors mierfcring with 
antutucrobiid avium against. 139 
minimum inhihiiory coocentraiinns for 
selecled antimkrobials for, L32l 
rams eAierna due m, 199 
relative l-T t h.*l y of antihiutic s for. IJJ 
Pseudopregnancy . 679. 680 

Mj!its of. honmtiul therapy Ue, 6K2t. 686 
psiyvhngenic defmmcnrfs. in cad, 472. 672 
in dogs, 470-471 
Psychogenic polydipsia, 79 
Psyllium, 485l, 76ll 
Pleroy Iglulamic acid See Falk m'id. 

PlSjlisrn. due In adOchotiucrgic agents. ^44 

Pulmonarv arterial disease, m heartwonn 

disease. 593-394 

trejurnent of, 594-595 

Pulmonary disease. 618-4121 See also 
fteMpim$ 0 /y txittm; specific discuses. 

drug-induced. 56-S7 
due lu bleomycin. 341 
Puimonary edema, 620 
drug-induced, 56-57 

lurmemide for. 524. 525 

in It ypenrnphic cardiomy upinhy. 584 
w flh mitral valve insufficiency. 580-581 
E > ulE:i(Hurv emhnOvm, due to glucacmiooiik, 

327 

hepann for prevcnikm of. 121 
in hcittw onn disease, 594 
in cals, 59* 

prvtreiM meni therapy for, 594-595 


Pulmmary libmsis. due to Neomycin, .Ut 

Pulmonary hypotonskm. 620 
with mitral valve imcuffsciency, 581 
Pulmonmy inf'iliuEcs with eosinophils, 

619-620 

piilmonary mem vascular mac ro phages, in 

rrspiratofy defense, 

Pulsalik" infusion device, lor hurmonal 
induciiori of e^tnii. 6*1. rfWf.7 
Pulse JiwLuc. for pyoderma. udimiemtHal 
rcsivlance and. L95 

Pure ltd ceil apfasia. cydoqponH; for., 338 

Purgatives. 4W-50I 

E*Uririn“ mjclctJstdL'h, ;is jnliherprsviru^ drags. 

240-242 

Purpura, drug-induced, 53 
PUs, 281 

nintnucruhtai clricaty and, 139, t3% 
PS'cloniephntis, 185. See also Urinary trtu I 

tcturns. 

bacterial, 189-190 
Pyoderma. 191-196 
adjuvant therapy for. 195-196 

anlimicmhial ihcraqiy fur. 193-195. 664 

pulse dosing id, 195 
topical. 196 

tminuwi'fividulauir* for. 196, 669 
pachophycinlngy of, 191. I9J 
predispcwmg laetors fur. 191-192 
Pyomeira. 190-191, 6»2t, 6*6 

PyothwraA. 184.621 

Pyrantel. 26*t. 2«h, 272, 7h|i 
in cumbonalion iintheiminlics, 276-277 

kviimisok imcTHK,(ioti with, 272 
Pyrefhnm, b58l, 662. 663 

f« eae mites, 199 

iniotbcaiiun with, 7244 

PyncthmkU. 662-663 

Pyridostigmine. 47%. 7h2t 
for myasthenia gram. 503 
foe Dcvmmusciilair hfockade rev crval 479 

47% 

Pyridmunc i v itamin B*l„ 714l 

phenyiuus iiiLtjjl lion with, 444 
Pyrilamme maleatr. 7621 
PynniefhaiiiJoe, 7621 

vulfsiftiLmides, with, fra pmtEi/oj] infeciion*. 
25 8t 

fnr kU«pl*Mi)oMs, 263 
Pit uii nil iic nudeunade^, as anhhefprtvtnia 
drugs, 240 
Pynproeifen, 663 

Pyihiosis, 234, 507 

Q 

Quaientary ammooiufn ctsenpraitidk 25/. 254. 

255 

ototoxicity of, 52 
(jumaenne, 485t, 762t 

for ciKcidioidomycosts. 507 

fi.ir cc^cidnisis. 261 

for giardiasis, 265. 507 

Qumapn l. 56.lt. 566 

Qurinidinc. 569 

dosage for, 563t, 762t 

drug inieracuuns with, digoain, 569. 575 

thwnles, 523 

for atrial fThrillation, 587 

foe ventncular arrhythmia. 587 

skin lesiuui due in. 53. 53i 

iherapeutK- irasnoring dma fur. 63i 

Ouinulones See i!*o specific drugs 
flutirinated, 15 It. 162-166 
advene reactions TO, 166 
Fsnmchial pmelnikNi by, IK2 
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QuinolMKs (COHimtittf■> 

central nervous system toaicity of, 51. 5ll 
dfup inleraLlwHns with. 166 
far antimicrobial prophylaxis in gramikxry- 
lupcnu. 21H 

for Kneel It m*. 207 


frtt iifat cavity ittfitdidts, 20(1 

for peri inn ill*. 2fH 

few pyuleniu, 194. 195 
k urinary tract infections, 1871. 188 

Lit pdiairu iHtittul. .15 

rncch.tn imti ol action of, 163-164, 164 
metmnidaiole synergism with, 200, 204 
p1ur[tuct>Lmclits Of, 165- (66. 166 


resistance to, 



‘vilely of, fur developing fclin, 1913 

wi/urct due lo. 439 

spectrum of activity of, I52f, 164-165 

structure activity relationship of, 162 161. 



therapeutic uv of. 166 


R 

Rabies vaccine, rvncrwnhiiutni, 597 
R .id iiiin hi recall. with dciianlkciq. .MO 
RmJtKwclivt iodine, fur hypcrtbynwilivn. 6? I 
Kadi lni clivc Kldinc uptake lesl, m 

hyperthyroidism ding nosis, 630 

Rjuutxiine. 505 

dosage foe. 4A5i, 530i, 534i. ?62c 

for psirotnlevtiiial ulceration. 489. 490, 491 

due m NSAIIH. 288 

for nausea and vomiting. in acute renal fail- 
un , 530l 

in chrome renal failure. 5Ml. 538 

hcinaLuJopu: diMiiderv due In, 56t 
thyroid effects of. 541 
KtMMvwjxmii. from intestine. alter taielcriil 

degradation. It, 12 

from renal tubulev, dro$ excretion and, 10, 

it 

ke.K't 1v e oxygen species. See Lipid 

perntidalum: Qjnrgem rtulncuf i. 

Recnmhi nant tcctiAolofy, 372. 383-399 
fundamentals of. 384-390. 3M. Sm, m 
future dimriMwis m, 598-399 
opposition, to, 3H4 
procedures in, 187-390. .Vft 
jjiinJutts of, .3721, 390-3914. 392t See *l*u 

specific products, 

principles ol therapy with, 390-391 
safety m. 385 

urni* of, 38*v- 3 h7 

keel . 1 1 administration. in prtli^lK animal. 31. 

33 

of fluid therapy , 33, 85 

Red blood cdk* j, chan i ra, Jun n $ storage, 
100 

formation of. 107-110, /Off, im 
packed. storage of. 100— 10L. tOi r L02l 
parrnteril solutiocn of. interactions with. 2iH 
Red Mood cell count. gh*ocortK«d*' effect* 
on, 316 

Red cell aplasia, cyclosporine for, 358 
Red squill, intnxicaliiwi «uh, 724| 

Reduction. m drug (Mttibnlism. 10, JO 
Refractory period of cordiac muscle, 556 
Refrigeration. parenteral volution die If life and, 

18-19 

Regrrvvin-V, ,161 

Regulatitwi of drugs. 693-705. See also Food 

and Drug Admtmstralitm. 

fkgeodcs involved in, 693, 693l, 694[ 
laws and guidelines related to. 695t 
publicJluwi of. 693-694 


Regulation of drugs \Cimlmuedt 
noth ecu deal, 299-30(1 
kehydrackm. oral, 202. 496 
Remission. 332-333 
Renal uunykwdnsis, 541, 542 
Renal Mood flow, chanters in, in cordon 
dt^cahc, 28, 5M> 

diuretic therapy md. 518 
in pediatric miaul, 32 
renal excretion rule and. 10. // 
in renal disease, 25 
Renal disease. See also Renat failure. 
,inpjiHcjism-converiing enzyme inhibitors 

for. 565-566 

change« in drug di^H^-moo m, 25 26, 25t 
chronic, snahulic steroids for anemia in, ! 15 
erythropoietin for anemia in, 111-112 

dialyik for, 542-343 

drug induced. See rSephnmmkiry. 
t u rove nude use in 525 


gkwncfulof, 541-542 
hypertension in. 585, 58* 
hypdkakmia due ux 80 
ohcsH} and. 535 
opioid pharmucokinetics in, 410 
transplantation k 543 
Renal e&vrcuon. in genabk animal. 30 
in pedutlrk animal. 33 
nf dftigs, 10. fi 

drug imrnctvortv involving. 24. 24t 
piiiliokigic I actors affecting, 25- 26, 25t 
urinary iraci infeciioit therapy and. 187- 

I 



sjiecics and hreed difTwencev in. 3ft 
Kenal failure, acute, 328-532 
cellular protectants for. 532 
comp! tea lions of. 532 
Hind therapy fur. 90-91. 529. 53L 
management of. 529-532. 530t 

mannitol kw, 320, 529-530, 530t 
pathophysiology of, 528-529 
card mm. hihiie with, fluid therap> for, 92 
chronic. 532-541 


anemia in. 534t. 539-540 
inomia and vomiting in, 534t 53k 
dietary vlratcgies tor. 532-536, 537| 

hvperixifiUhjTiMdtsm in. 534|, 539-540. 

635-636 


h> pcnemuoit in, 534*. 538-539 
pathophysiology of, 532 
patient nKuu lori nj fknrvheet for. 533 
glues vuTTicmd therapy and, 328 
hyperkalemia due to, 80 
nuinnjlDl few, 520. 52 It, 529-530. 530t 
inctiihohc acidosis mi. HI 

it) acu*e failure. S.RX. 531 


in chronic failure. 534r, 536 
KciuE tuna ion hec also Renat f&iiure 
drags affccwig, 515-527 
flurd and electrolvte transport in, 515-516, 

5tt>. 5/7 

glucocorticoids' effects on. 327 
Renal tMieodyMrophy. 539 
Rcnul irjitspliintaiksn. 543 

Cyclusputine alier, 3J8 
Raw I tu Kilfv active drug transport in, 10, II 
in renal clisei»e. 25-26 
passive EcahMirption from. Hi. It 
Kenln-l»J^glo!erls^^-altl^raeTl:^(tle , sjstcni. 

hcppriA's effect* on, 120 
in heart failure. 559, J5R 565 
in Midinm feguiwiitm, 76 
Rcpcrf uMiin mjury. 589 
hcpJuccincm solutkids. for fluid therapy. $4 
RepUc*ian. 385. *M 

Kepr.ducUon, —imno r drugs' dTsxt> on, 336 


RcprixhiictKm iCtwrimtetli 

glucocorticoids' effects on. 320 
Reproductive bormonea. 677-6H9. See also 

specific agents 

cociirrieicial in ailahilily of. 681 
fur hypotmic urethra,. 545-546 
indica6nn* for rainmal u^ of, 68I-6HH. 

6B2I 

misuse of. 688-6H9. 688t 
pbyMulogR principles of. 677-680 
Nesexpine. sej/urcs due to. 439 
Residence time, mean (MRT i. 13 
Resistance, See also specific thugs 
in iiiUjinmatory Ko*d disease, 508 

to antifungiil agents, 223 
manlimicnihuds. (43-144 
pulse dosing and, 195 
topical iherapy and, 145, 146 
to cancer chemotherapy, 332 
lo Huorinaled qomokifics, 165 
lo germ ic ides. 255 
to ilucrenticoids, 315 
lo ^ iuctani antiKiaics. 156-957 
in Hit aerobes. 215 
to suIRirumudcs. 167-168 
RcwnmmL 659 

Kcspiialurs wcukni*. 8 ll, B2 
puthophvwdf>gy of. 78 
Ircjlnkenl of. 88 

Respiratory alkalmis. 8(1* B2 
palfmphyvjolugy of, 78 
tnti i wl -of. 88 

Rcsfuralury depression, due to oftoids. 
410-411 


Respiratory distress lyitkone, acute, 
pulmonary edema in. 620 
kespiratiwy system. Nl2^62l 
defense mcchantuiLs of, 603-605, 603 

disease of, 6)5-62 I 

backenaJ, 182-185. IB2t /8J, 616-61?. 

619 

feline viral, 238lU 247 
glucwwticrads for. 323-324. «M5i 
organisms uuistnp. I27t 
drug ins icily affecting. 56-57. 349 
drag* affecting. 606-615. 60«t 
glucotomcoidh’ effect* cm. 399 
in getiatnc animal. 29 
intlununatkifT of, mediators of, 6f¥, W)5 . 


paiKigctiesis nf. 605 

normal flora of. I27t 
nonnaJ pby&idogy of. 602-605, 607. 6fW 
Restnctinn mdonucleares, 387 
Rcsirtciii e cardboatyopathy. 585 
ReMJteiiui Km, eardiopu lux m my 
cwfcbnivjkfcular, 591 -593 
Reirnradi. 655Mtf» I, ft.W 
Retinal (vitamin A I, 659, 659. 7l4i 
eamne distemper and. 245 
tktvuge fur, 7ft2l» 7*7t 
Retro* 1 irasTK. 238 
drags active against, 242-243 
Rheumatoid anhriiis. 367-368 
kheumatuKl factor, m infective endocarditis, 

m 

Rhinitis, allergic, 365 

ixgjrtisitis causing, 1271 
Rhinitis dwxlkaunemcaa, 614 
Rhinos pond iotis, 234 
khiinvinis inrectKui, m cals. 23*i, >47 

Kihawrin. 242. 762l 
Rihuflavm. 7 Mi 
dosage for. 762ti 767t 

Ribnsjimcs. antPTiucrohiiils targeting. 141. 141. 

152 
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Rictotwiil dtwucfL 211-21. 1 . 5f)6 

Rrianiptn, 1511, 171 

cyclosporine inleracliofi u nh. 356 

dosage for, I35i. I77t. 762t 
for hwcdkmv 307 

for tuberculosis. 2*0 

vpcctram of activity of, 152t T 171 
K i rrun t.kii ne. 243 

Ringer's wlunuri. 7621 
electrolyte coftipo^itiofi or, 8?t 
tart Med. 84. 752t 

clcclhilyte coin position of. 85t 
lor .icitim-rv, HH 

nileracttLinv vvi(h, 2H 
Rinses. antipruritic. 670 
lor drug deliver). *56, 

rn a , m-m. m 

RocheJIct aft, 5rilJ 

Rocky MhjnUin spotted fever. 212 = 213 
Rhk hti >niLtm bromide. 474t, 475 
Roilt-jiliLijc poisons qjj;. hyperoakemk doe to. 

635 

vitamin K tor, 117, 122 
Roundworms, drugs for* in ati. 2691 
in dogs, 26&I 

Houle of jdimriisirjtkMi. See also specific 
route*. 

for antimkrohials, 142. 146 

for blond. 102 

for fluid therapy. 8*4-85 
fof tipiL"Hit'S , 4|0 

for protein and peptide drugs. 390-391 
m cardiofmlnvnarv resusvujiton 592 -593 

Roxithromycin, I55t. 762t 
“Rubber jaw," 539 
Rubefacients, 661 
Rutin. 7621 



5-wfc no* y I methionine iSAMci. for liver 
divcasc, 502 
for oMcoartbrilirL 301 
Safflower ml, for ranine KhoRbrn, 673 
Salicykites, 289-I9Q, See idto Arprrin 

if at ygtyhatkyi ! r ur id). 

mimkajhin by, acid Kiuc disorder due to. 
82 


spin wo lactone mitracijoft with. 523 
thyroid cifeets of, 541 

Salicy lie acid, topical, 65St. 659 
Saline, for shoci. 59th 
hypertonic. 84. 747t 

for hypovolemic shock. 89 

physiologic. elcLtrnSjrtc eompoviitoii of, E5l 

Saline diuresis, for hypercalcemia. 94 

SalinMO pomeiing, 213, 506 
Stibmmr/te entema. anumicrohiaJs for. 506 

S*ilm>r>t lhi typhimnniati toxoid. lot 
cnckHtovemiii. 506 


SAMe iS-.hli’ni^dmedui'nioei, for liver 

diveuve. 502 

lur mlnulthhui. 301 

Scalwe*. ivermectin for, 665i, 669 

■Scalded skin Ic^ian, dnjf-induL-eii, 52 

Schedule druev 411—412, 699. M9l 
Scopolamine, 486-487, 76 Ji 
(ran*tknftal ndmiiu stralion of. 670 

Scorpion Btifig. 724t 

Seborrhea. canine, 673 
Sebnntieie ontu, 199-2(1) 

Sedation. alter head lrauma, 453 

defined. 407 

m pediatric animal. 33-14 

Sedatives See jIvj specific drag*. 

fur irritable bowel AyitdrorLK. 50H 


Sedatives ti tmimurtii 

ncummuscLil.ir bkelun intenetkw with. 
4761 


Seizures, acute rtuiuLpemerl of 437—1 IH 

brain injury due to. 450 
chronic control of, 418—439 

Lla.s5ifuiitn.Ki of, 412 

drags capable of inducing. 50, 439 
drags. codrairuliLMed for patients, with. 419 

due to npimdv 411 

due to phcnothia/ifHrs, 439, 460 

due to tricyclic anti depressants 464 

|tuati:u<uc!iiid Llterapy ;uid, .128, 439 

in bacterial mcrtingiu*, due to ami microbial 

therapy. 178 

uhlk jiiLkiis for treatment of, 431 

palilophysiLT|ogy flf, 43J—433. <f* 

Selanksctin. 268t, 2691. 270. 762t 
[nr hrartworm disease prevent inn. 270, 597. 
598 

Selective vcnncmin impuke inhibitory 45H. 

46D. 464—465 See also specific drugs. 

Selegiline. 465-466, 762l 

lor hyperarfrenopHlicrim, 626t, 64?, 648 
stnidurr of. 460 
SfknuMs acid. 7fi7| 

Selenium. 7l6t 
as iipotmpic agent, 5tl2 
dbsuge for, 767| 

for acute panerearitis,, 51 i 

topic id. 659t 

for camne seborrhea. 673 
Sdenium mlfuk, 659. 659l 

Srli muhlanm. 469, 673 
Senna. 762l 

Sepamlkm anvirtv, 470 
SepibL 205-207. ‘m 

Sepw syndrome, 205=207, 2(X> 
c I in ic iKt j lm ids for. 206-207, 325 
Septic anhmis. 181 
Septic shuck, 89, 205-207, 206 
dnhuiannne for. 206, 379 
gluajcomcoidN for, 306.125 
in parvovirus enitniis. 506 

palhuphij Mwlopj of, 3U4 

Serotonin. 457, 45ft 

in jpntv: mutilily, 494, JW 

in i nlhimmatory teNponse. 2$2. 283l 

in nausea at»d vnmninf: due to chcnnuhcr 

npy . 315 

in revpiniory tract ioflamnueno. rvu, 6031. 
606 


in Vocnning reflex. 481, 4ftfi 

Serotonin .inlaeoniviv. as antieinctkv. 488 
with esmeer chemotherapy, 315 

Serotonin leuptJct inhibilurv. selective. 45ft r 
-Urn Jicc alvo cpcctl'ic dross, 

Serotonin vyndnifiit. 464 

Sernitui inUnrsirni, in mixed bacterial 


vaccine, 36L-362 

mmiivuni mhibitory ccinccnlrJtuniv for 
selected niiuftiicrobiiili for. I32i 

In ifkIiilc irt)clqimiiIrratmn, 1 11 

Senniline. 465 
for acral lick (krmaliti s. 673 
Scrum st'pjriHor tubes, drug binding to silicon 
gel in, 72 

Scrum jikknevs, 353 
drug-rodneed. 44 
skin levions in, S3 

Scvame ml, iu> cumer (nr ant ineoplaak agent'-. 
343 

Sevutiuranc. 430 

Scxu.il hehiivmr, abnormal, m cats, 472 
in dogi, 470 

Shampoos, aniih.scicn.ri. for pyoderma. 

670-67 


Shampoos (Cotumutd) 
antipaeasitic. 662 

antipniniic, 658c, 670-671 

coal Ur. 7418 

skm ksioib due to, 53, 53i 
for canine seborrhea. 673 
for drag delivery. 656. 658u 659i 
hypoallcrgcnk'. 658l 

wuh antimicrobial thcritpv for p^idcnm, 

196 

Shape constants, lor luxh surface are*i 
cakuLuiott. 16 

Mia/C viitnUgc. KH 

Shock 5S8-593 

canhofenk, )I9, 588 
clasiilkatiorv of, 588-5B9 
l iHiipihiiioci meebanisms in, 590 
dritribmive. 89. 588^589 See alto Srptn 
fhotk, 

fluid therapy fur. 8K-9tl. 390r. 591 
hemorrhagic, 89, 590 l 59! 

ghictvraticoidv for. 3416, 325 
hypovolemic, 89. 588 

glucocorticoids for, 306, 325 

in gasiric riilatalwn/sotvulu-s, 505 
inflammauMy revpunse nunJitWrs for. 304 
obvnuctive. 89 

pathophysiology of, 589-590 

veptic See SrjHu shuck. 

treutmem of, 590-39], 59(H 

Shuck ragin. 43 

Short Ixnvcl syndrome. 507 
"Shotgun" pETparMions, for anemia, 110 
SID i sirang ton difference) lynlem,, 77 
Sighlbounds. dnig disposiikm in, 17, .77 
Silicon gel. m scrum separator tubes, iliuj* 
binding to. 72 
Silver nitrate, 762l 
into Ul at ton with. 7241 
topkol, for hernust4siv, 116, //6 
Silver sulfadiazine, 762t 

for otitis erterrw. )97-198. 19th 

Single twitch nieiltod. for neymmuailH 

hfockadc momtextog. 476, 47,9 
Sinoatrial node, action poteatial in, 556 
Sinusitis nr^amsms causing. *27t 
Skeletal iMBck, ghhxvLvrliccsds' effects inn. 

319,126 

Skin, drug atairptton through, 655-656 

formula!tons for. 669-670 

drag-induced teacUmls HI. 5J-53. 32. 53t 
immune response in. 192 

mclaKitic activity of, 654-655 
structure of, 654 

nirgkill pioparuliori of, aftiivepiics fat, |5fi 

Skm diseases. 654-675, See ulto specilk 
diw«ci, 

bacterial, 1281, 191-196 
glucocorticoids for, 323 
immune -ntcdialcd, 366-367 
systemic drugs for. 664-669, 665t 
topical drugs for. 657 663. 658* 4(9l 

vehicle* few. 655-657 

ircatmcnl of, 670-675 
Skm necrosis, doe to heparin, 120 
Skin So Soft, T62i 

Sfoo release pte pyKW W. spec ie- dlffCTtOMI 
in ahsurptton kinetics of, 35 
thcrapcytK concern nit ions wnh. 7, 15 
Small mtcslinc. Sec also GastnHnlrstiimt trai t; 
iMrrtmr*, 

diseases of. 509-507 
Smoke inhalation, 621. 724t 
SltKielh muscle, airway, CunifuL of tone of. 

602-603, ftO.i 

heparin s uj|TtLeik,e 06 pTnlifomian of. 119 
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Smoidh nv.i le ■(,' mr ,.i-. 

v^L-uliir. ptr^iulugv of. 5M 55*. 5M 
Snjfce bite, U4i, ?;i4t 

Suciali z alton, stmi> and. 40K 

Sodium. dietary, in chronic mial failure. 535, 

53IM39 

in fl> unLiulur dtseasc. '42 
divcaae induced .h&igca. in, 7K-79. 7Ht 

r^CHfin 1 .l I * -:. 11 if i:. :i ■ :i (I|. If i Cardiac di>* 
*.-!'. .jivCSS. cffcLlN of, VI -92 
in zudinc mitvek juTiim pmentud, 555. 556 
■fl . ir.n .i ti i.. fluid v. -i 

in HUzatrllaUr fluid. * vyrrw > I a l n y and 75. 7* 
mu] r•.• l' 1 1,n i• n of. 5i.- 5li 

intrsiinal innifdn of. 4 .m • 
t^plMiull jI 76 

renal ir in sport trf r 515-516, 5 J6, 3i r 

drugs intn'mnj with. 523—524 
Sodium bit .ill-, -u lc . insUrtL IV infuhi >H laic 

for- 7 TfJi 

ft*, 5 1 J l r 5 .Km, 5Ml 76.14 
Ifar acidemia. AH 

K>i ethytadf clyeul into* teuton, 8*5 
for hyp- i ■ ,.U -i ..■ A?, S'i 
in Htulc renal failure. 331 
for mciiholii' ttidbsis in etamre renal f.n a- 

ure, 4 Ul, 536 

Urt sfkK'k. 590l 

foa- imythi ar*j depress ant preroning. 4*4 
Tor unne alkulinizalion, 52It. 52* 

ill caldteipultnEiitary rriUHLliilimi. 542 

parenteral Miluikriis of iin*raaHJtLv with, 21 1 

with amphremcin B for ion icitj rcductmii 
226 

.Solium bnxiidr, 44*. 7*7i. Sec alvo 

HntmiJet. 

Vi<Jj« I ' i -i- jji j r j. i : 492 

fow cine^iv Hoditctioii, 4A5 
SoJium shlorkk, a* ■ : n i. 50U 
iHmi|^ tor, 7fe.fl 
for diibflir kcKuodoMV 642 
for induction, 4t5 

Sodium iwir. frt collected Mood. 100 

Sndium rthy knedi*mine lcUa-«rrtiC «id 
t'DTAi, fur hypcfLjkeirua, 62fe, 5.1.1 

Srxln m hypsvhlnriie (bleach) ..s antifungal. 
»]. 232i 

as germ 1 '■ ■ 254. 255 

far demiiiuphyKwu, *75 

■ ■ ‘Fi \ —.' suurpiiliilLty to, 247 

fur wuimj ..n:-. •■. • • r- 257 
<i■;i 'i ■'"■ of. 720l 

pafvnviim ustxptiklky (ti- 245 

Sidiiuu ■ -.1 I, 7 r i •: 

for hy perth y r otd hm. 631 

pirrnifrjl vtihiimn* of. inicrik'liiir^ with. 2ll 

Sodium rtitropnis vide. Sice Kitrtqrrmxidr. 

Sodium pht spfutt, a* radiank, MX' 
doauge for, ISltt. 763t 
SuJivm polyslyrene sulfonate. 7fe3t 

SfuJium vtthujilwomHe, 76 H 
Sodium -i ■ -1 -i 500. 7631 

Sodium Lhitrtulfjic. 763t 

Suliitiuth, caktiluiiutii itivrd\mj, 7(0-711 

purrnUrniJ, drug inlcriictior^ m L 1ft— L9. 7<fc- 
21 r 

pH iA y diu^ ditpcMiLliLm and, 14 

Somj[[>Ak\iin Ci gfimtfi hrvirKHic s cflc^ im, 
SuEnjtcviLrtjEi,, ihyfrMil efkxtk (if, 

Somvtnlivvpiri. S« GiwrA fMtrHum* 

Scj»mo^vi uvefttving., 640—641 
Sfirhiini. TfiJi 
UN tjihurut. ' iXJ 

SrrnvudHiK 240 
SoidloL 7fej| 


Southern blotung, JA7. .kW 

Spmvnolyno. I 7«,4«U 40i>-f ‘: 7. 497 Sec 
alto -xi.Ik diug^. 

for feline urnlogK: syndrome, 544H- 549 

Spastic Cakui. .VI7-.M1* 

Sp»iitiiy. nnuvt lc ftUxanh fur. 119-MD 

Sjc tip iJi fferrners in dni£ di spotlit km. 45 5* 
ui lafgei lii—tii, 36-J7 
ihrrapeuix: drug: rtumrlnri np and 71-72 
Spccriimnnyein. TfeSt 
Sjmlcr bale, 19ft, 724l 

Spulal turd. See Crnlmi wnvuu irdriu. 

Spiramycin. 763l 
Spimmdactcioc. 5J9 i, 523-524 

dwagn for. 5211. 7fe3t 
fur asemv 511.32 li. 525 

Mnicmrc tif. 5l*t 
Split citrus. *>U 
SfUimln. hi.ivi^i, 2231, 224 

Spot on pripdixt> for nnpiTLUiirie drug 

de Livery, 662 

Sprays, anti pruritic, 670 
at vehldks fit lopicdJ *56, 65At, 662 

S4j4utl«, *6t 

StiMimrokf. fur. II It. 5.Mt i ;: &3t 

for anemia of chronic renal failure, 5>4r 
541 

stru.H r • of 114 

dtymKl effects of, 5*tl 

Suphy kKoccal proem A. ns itnmufeoiiiiniulani, 

m 

Si i if) h > it ■. m uj a u rvu.\, Clrt i n il fUi eh j fife hi lc i ry 

concentrations for wlfcictl anlimkrohials 

for, 132t 

rkrttoCcM evrvu.- ptlage Jostfe. 669, 763i 

.Vli^hilwvCLlu i nSetmritUis, pymkniU ttal 

1*1 

Sutpkvit*cm cm species defense iMchaimnu 

of, 19Q 

la-lu* mlerleruig with anumicrofeuil acbuti 
again.^1, 179 

rdatnc elfkacy of antibiotics f«. }.*$ 

SiaUH -pi' ['[in 432 

171 4P ■ j p 'in c nt ul, 437-43® 

dLLcepun r i 477. 
penmfeatbitajl for, 4>B 4Ml 
Stavirdinc. 243 

Sleady uatc. Uicripcunc drug imniiorlng and. 
62-67, 65 

lime to dcrermuunts of 14, ] 5 
Steam, fot instrument dUinfcdlon, wi4l 
infectious canine hepat lit, 246 
Stem aLI factor. 113. 3?& 

niL-ornhuiam cam nr. 394 

Slercoty :ies 4f's*9 

Stcril i^nlinn. defmrd 25fi 

cihytenc oaule. 253 

ptuiDi, 254 

SlffNiKik See alv specific a gen lx. 
adrenal conical. Set Gimwcmtk\*idft^ 
MfrfrehKortkvidi 

4i utn die hen tat i i ii l dmn ! 1,7-116 

for anemia of chronic renal failure. 340 
structure of, 113, IN 
di■. -••>:,I cl'trv '* of, 54 1 

for shoc±, 39-W 
gonadal. feT^MsAfl 

embmen ..l il edabiliiy cf, 6lt| 

DcuromuRcular btockcn interactions with, 
47fei 

Steroid mlirofithy. 324 
Steroid flivopathy, 319, 326 

SlrveiTv lotinwn lyndirtmc, dni|-mdw(d 32 

Slilbeutrol. dosage for* 544( 
for Pypotortic urethra, 545-546 
Sbniulanb, fur bduv local modificalion, 46S 


Stomach. Sci. also Gastruinuiturnl trim. 

di <a«i of. 504- Ml5 

Stam^iiis, M3 

gJttcoconicoids far. 325 

:n. tr:i>n .l.iy- M. fur. 4S>| 

Sf/r/pfit nu'Ki pwjfffln. in mixed fracEcnaJ 
vaccine. 361-362 

StnfAnikame, 122 

Surptnkiojisc, 122 

Strepton yctfl, I5il 641 

for hruct'Hcwt^. 207 

crtolouc ily of, 52 

Strew, irspome lo, 406 407 
social <>.Jtion and. 40B 
"Sues* leukogram, ’ 316 
Strong ion diflcrcncc t S3l>i system 77 
Strontium poisoning, 7234 
Struvite umlithivis. irmroiuiim chloride for, 

52 It 


Strydmme pavonine. 4 S 0 . 

Styrid 764t 

Subcutaaeou .1 adniiiusirorinn, in pediunc 


animal. 51 
ef Hunt fhempi, A5 
SucemyIcbulimc 4 ?4—475 
rtFKOgc for, 474|, 7fe4( 
nundepoUri/wig nmtumuicubi- hlnckm’ 
inlcraclLOfu nith, J ■' I 
recovery from hi x'kade wth, 4 7H—470 

Sucralfate. dOMtfit for. 435t, 534t, 764t 

for wif4«gsli*. 503 

for gucrotniE >ttml effects h 4 chnulis. renal' 
foil are, 5Mt 53S 

for giuEroinmtuul ulceration. 493,. 493 
due Hi NSAlfK 2flS. MW 


for ulcer prophyUxin, in otMence ol enter.il 
mnnrian. 504 
slfudure of. 487 


Sufentanil. 415. 7fe*t 
m efitor selectivity id’, 4&H 
Sulbactam, pdidim utitwtics cnmNncd 
with-, 15*. |57, 734* 

Sulfadiazine, I6A. _ Wt: 

MlMdtmr of, 16? 

^mSi.hI: i/mil rrimcLbojwim. t--. ,.ge for, 1 VVl, 

16*. Tfeftt 


for -. I..; M , 261 

fot protozoal infection* 21 At 

for pyotbotax, IJ44 

for urinary tract uifectsont, IK"h 

: 111 inun inhihU 'i . [utKcirrilHHQK fur 

selected nrganiwH for, 132t 
buvceplibilily test intoqireiytte i • for. I35t 

So I fad ■ me ihrt hint, 2Mi. TfWi 
amprolium aiih. 735t 
for ootiidiLiidiMnyt i nil* 307 
for oocad|cr,i ib. 260 
for protozoal infectioori. 25At 
SulfadimethcniDC-ornictiofvini. dmaigc for. 

I55l. 764t 

fot nMnihimt, 260—261 

for protozoal iafcctioiM, 258t 
I'nr pyoderma. I‘‘4 

SuUaduJtiac ^rimcilumiiK, f ir inopliittHiui, 
263 

SuLfaguanklinc. 7Wt 
S i fummtrinr. 76* 

SuKamdbaizirK. 764l 

Mivceptibilily »si inierpreiiKiom for, 1 : 3i 
SuLfamdbouizJolc. 7 *4i 
adverse effects erf', 1*A 
bronchi* (iciKMiia hy. 1*2. 1K2e 
phartnacok rnrtics of. 260 
Sulfaitbeih iiiajIc -trimetlh^rim, Lycluspuhne 
tntcractim wilh. 356 
Jou^e for. IT7L 7641 
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SLilJ*riirt|vi\tJoifr’trtJi>ethi.ipni]i iOmtintudi 

lt» LTOft I- 261 

Ibr prutoam infections 25$i 
cnstysnam mhibiiw) fw 

■fckftnl jf l ■» ii ■ i ■ ■' lor I 1 2 i 
a 1 .in-;- efficacy o(. 133 
thyroid off cl ■ i of, <n64 

^iilfaiibMiri*! I ft 7 

SulU im^yliEK, 260 
Su I fas«I anna, I6H. 2SKI 
d^agc fw, -IS 764 

tew tiurrtwii* 498 

few uiflammainry bowel disease. SOS- SW 

SulBy dr yi groups, in feline hemoglobin, drug 
reaction* and, 37 

fur urinary Cruel mfcctiravs N?l 

Sl' :■ hr.,'hl afe ii sodium, 764c 

Sd U mamidcv I Jit 167-169 Set- iKo tjiehlic 
drugs 

adverse dfeci* L'jf, "1. Ih£ |<J^. 2 mj 

central ner\ lhi* iwtkuy W, J|i 

lor . r. .i: i • 'l ii 111 11 11, t. 2 16 

In twciiiiostt :3Sl 259-261 

toe pr t . . 11 infection*. 258r 

heputidniicjiy of, 47 

iwdiuiiin of miMt of, 67, 107, 260 

nephrotoxicity of, 44 

parenteral ‘•I'lri. o*. of. iraerattiwii wish, lit 

pjl II lIlilLDlwk'l 4, 16ft 

potent 167-169 
advent rffea* of ( 191 

'■n- h h.,i- petietrahon t>y, 182 

for ac two my cost 5 and- nocardiosis 309, 

for titrar icrofeal prophylaxis in granglocy • 

'. ■ | y :i ,l 21$ 

fr* tn:ci{lioi(lopiyc4K >. 507 
fur iiucvnltosa*, 2586 259-26 L 
for empyema.. 621 
for* pyoderma, ]94 
in pediatric animal. 13 

mectufiihln of ..u'iMBi of, lb?, /ft7. ]Ht 

phMItUKi tkilKfid. of, 168 

yp'.'IniT Of tlVitV ol, fill, 167, l^Ni 
iferopcvliL use of. 168-169 
r"i 1 " -i -i-.il- ir =- witfi. for prcicrxroftj infix - 
bons, 25th 

for loxnpiasmoHis. 2ft \ 

i", s (o. 167-168 

ikin Ic*hhi* due to. S3, 5It 

spectrum of activity of, I 5 2t. 167, USSi 

thmprulK use of. 16#- 369 

thyroid effecls of, ?4[. 55 r I68, 191. 629, 

664 

S. ii:i--i 1 1 -ii in .Iruj 'tutalulLsih, 1(1, 10 

species differences in. M 
Sj l:■ -a y mi--.-s See afer ipccife ckrgi, 

for diabetes, meili[uv r 6*13-644 
Sullur. topical, as antifungal. 659t, 662 
» aruiicboefticic. 65” 659. 658t 

Sullur granules in jcruinmy cosit. 209 
Suhflosvcr o*l, fiki L^niiie uhmtfea. 67 3 
Sunhgtv allergic drug react mo involving, 52 
Superuftiilc aoiiitt, in mule injury 3L>4—305 r 

305 

Supcn^HJe JiMnnlw (OrgWemi. 301-302 
dosage for, 2»4s. 7fiflr 

Supn. uiailu pni.uu.ir cincrain its., 186. 

See ,i ■■■ | t -t i i-.t 

■ft* 

Supra ventriculitf tachycardias. 586-587. See 

al*i> ,1 rrh ■ i 

■ 

Su proton 7b4i 
Suramin-. 243 

Surgery. m\ tmticmbial prophylaxy f«, 

218-21j 


Surgery f CflMifilMrfj 
aJJtisejmis lot, 255-256 
fluid therapy he/we, 94 
pain onotripi with, 414—120 
5 u yceptihi 1 1 l y toning See €tdlurr stmJ 
y u M"' rpftb Hi tv icstsnf. 

S^imnirr'i ear, 20T) 

Swjteh (Uncos, with anlidcprenaol therapy. 
463 

Synergmtt. nt atnimiciubjaJ thcratpy, 146 147. 
I47l 

Synovial fluid nrulyvt. ir anhneit tl .igpusn, 

m 

Syscetioc iriO.iijimoi'. -rv rr^pruH lyndnne, 

89-90, 205, See aJ™ Stptv shnL 
Sy>[emic lupus, erythemafonti. 367 

T 

T Ivrophac vtf', in imnwrf mepont#. 350-351 

351 

Tachycardias See il*o 4 rrfnfjfj»riai 
luprswiukvliir. 586- 517 
vHitnculat, 587. 593 
Toi; rulimua, 33S 
Tajiu>Jtifeu. 680. 7fi4| 
luiiiiukuI at ailahiliry of, 6$ I 
fir fnammafry flond carcinoma. 6$7 

Ihytoid el Tec i j of. 54t 
Tflunii; acid, topical, fw htmroiisiv 116 
Tapeworms, drugs fw. in cat-*. 369t 
in dofi, 2-if4f 

Tiiunrtc, de florae y of, canjioniynpilhy due to, 

in -..i:i. 5^3 

dosage fw. 56,3l, 7Ml 

fw di lifted cardiwnytipachy ip cwi 583, 584 
Taiahaciaan, piperacillin with, list 

Teodrtt: tal. 663 

Teicofibsttn, l55t. 7S4i 

7 U i -1/1 blrtuhLTE'Zioluepiun \ 7641 

lot MWsthpda, 42?, 428 

Telcpbuuc numfxn, 7271-7281 

lw ad\cne drug react kwi reporting, 699-701 
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